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_,  .      1         Undoubtedly  the  most  spectacular  ad- 

vance  in  electrical  engineering  during 
^  the  past  year  has  been  the  development 

in  1915  q£  j-j^g  transcontinental  telephone  lines, 

followed  shortly  by  the  development  of  wireless  tele- 
phony to  such  an  extent  that  it  has  been  possible  to 
transmit  the  htiman  voice  through  the  ether  from  Arling- 
ton Heights,  Va.,  to  Honolulu,  a  distance  of  over  5000 
miles,  so  successfully  that  the  message  was  plainly  heard 
at  a  distance  of  three  feet  from  the  receiver.  A  similar 
distance  will  allow  transmission  of  speech  from  San 
Francisco  to  Japan  and  the  Philippine  Islands,  or  from 
Washington,  D.  C,  to  Paris,  Berlin  or  Petrograd. 

Aside  from  this  rather  spectacular  achievement,  the 
year  191 5  is  probably  noteworthy  more  for  its  steady 
growth  along  all  lines  of  electrical  work  than  for  any 
remarkable  or  sudden  advances.  Possibly  the  most  nota- 
ble example  of  the  consistent  growth  in  the  size  of  elec- 
trical apparatus  is  evidenced  by  the  purchase  l)y  the 
Commonwealth  Edison  Company  of  Chicago  of  a  turbo- 
generator rated  at  35  300  k.v.a.,  and  by  the  purchase 
within  the  last  few  weeks  of  a  similar  unit  rated  at 
47  000  k.v.a.  by  the  Duquesne  Light  Company  of  Pitts- 
burgh. It  would  appear  that  the  electrical  manufac- 
turers are  willing  and  able  to  build  generating  apparatus 
of  almost  any  size  for  which  there  is  a  market,  which  in 
turn  is  limited  by  the  amount  of  power  which  a  central 
station  is  warranted  in  concentrating  in  one  unit.  This 
increase  in  size  of  units  has  been  attended  by  an  increase 
in  efficiency,  especially  that  secured  in  the  steam  unit  by 
the  use  of  highly  superheated,  high-pressure  steam  and 
the  iiKxlern  high  vacuum  condensers.  A  valuable  fea- 
ture is  that,  on  account  of  the  paramount  importance 
attached  to  continuity  of  service,  it  has  been  deemed 
advisable  with  so  much  power  concentrated  in  one  ma- 
chine to  use  even  larger  factors  of  safety  than  hereto- 
fore, so  that  these  machines  are  of  the  utmost  reliability. 

The  latter  half  of  the  year  has  been  noteworthy  for 
the  remarkable  increase  in  the  demand  for  industrial 
motors  of  all  sizes,  reflecting  the  general  improvement 
in  industrial  conditions.  Most  of  these  units  have  been 
of  standard  sizes  and  ordinary  ratings,  and  they  have 
very  largely  been  applied  to  conditions  which  have  be- 
come well  standardized  in  the  past.  The  increased  de- 
mand, therefore,  indicates  primarily  a  growing  appre- 
ciation on  the  part  of  the  manufacturing  industries  of 
the  advantages  of  motor  drive  as  compared  to  other 
methods  of  power  application.  There  have,  however, 
been  some  installations  of  unusual  characteristics,  nota- 


bly two  12  000  horse-power  motors  direct  connected  to 
reversing  blooming  mills,  these  being  the  largest  motor- 
driven  steel  mills  in  the  world.  The  efficiency  and  many 
incidental  advantages  offered  by  motor  drive  are  such 
that  it  is  now  being  adopted  by  the  steel  mills  as  a  rule 
rather  than  as  the  exception.  Coincident  developments 
in  control  methods  have  been  carried  on  until  it  is  now 
possible,  with  suitable  control  apparatus,  to  adjust  the 
speed  of  an  induction  motor  independently  of  the  load 
with  all  the  accuracy  and  with  almost  the  ease  of  a 
direct-current  motor.  The  apparatus  can  be  so  arranged 
that  the  motor  will  develop  either  constant  horse-power 
or  constant  torque  over  a  wide  range  of  speeds. 

Another  industrial  development  has  been  the  in- 
creased application  of  direct-traction  elevators  for  high- 
speed service,  with  improved  types  of  unit-switch  con- 
trol, arranged  to  produce  at  once  the  highest  possible 
safety  and  exceedingly  smooth  acceleration. 

An  interesting  feature  of  transformer  development 
has  been  the  removal  of  the  inherent  limitation  to  the 
size  of  the  self-cooled  transformers  by  the  application 
of  external  radiators.  Transformers  of  this  type  have 
been  installed  and  are  operating  successfully  in  sizes  up 
to  5000  k.v.a.,  and  larger  sizes  can  be  built  whenever 
their  use  is  warranted.  This  is  only  one  feature  of  the 
general  tendency  which  has  been  noted  throughout  the 
year  to  place  transformer  and  switching  sub-stations 
entirely  outdoors,  thereby  securing  a  marked  simplicity 
in  the  layout  as  well  as  a  considerable  saving  in  the  cost 
of  installation. 

Electric  railway  development  has  been  consistent 
throughout  the  year.  Possibly  the  most  spectacular  fea- 
ture has  been  the  application  of  5000  volts  direct  current 
to  interurban  trolley  car  service.  In  practical  importance 
this  development  is  at  the  present  time  far  overshadowed 
by  the  exceedingly  successful  operation  of  the  Norfolk 
&  Western  locomotives  in  heavy  haulage  service  on 
the  main  line  of  the  Norfolk  &  Western  Railway  and 
the  successful  application  of  high-tension  single-phase 
power  in  the  electrification  of  the  congested  Pennsyl- 
vania Railway  station  at  Philadelphia.  The  successful 
operation  of  these  two  large  systems,  each  of  which  in- 
volves principles  of  operation  of  motors  and  control — 
such  as  the  phase-converter,  changing  single-phase 
power  to  three-phase,  the  liquid  rheostat  and  the  doubly 
fed  motor — which  had  never  before  been  applied  on  a 
large  scale,  afifords  a  high  tribute  to  the  foresight  and 
engineering  ability  of  the  engineers  who  are  responsible 
for  their  construction. 
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ment  to  automobiles  has  grown  ver\ 
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Industry  automobile  business  itself  has  grown. 
While  a  few  years  ago  it  was  the  unusual  thing  to  have 
a  standard,  moderate-priced  vehicle  equipped  with 
starting  and  lighting  outfits,  it  is  today  the  customary 
thing  to  have  this  equipment,  and  the  prospective  pur- 
chaser looks  upon  it  as  just  as  necessary  and  just  as 
much  a  part  of  the  car  as  the  carburetor. 

The  growth  of  the  automobile  business  is  realized  by 
few  not  directly  associated  with  it,  despite  the  wide  pub- 
licity that  is  being  spread  broadcast  by  the  manufac- 
turers and  their  agents;  therefore  a  few  words  here 
bearing  upon  facts  in  relation  to  this  growth  will  make 
a  fitting  introduction  to  an  issue  of  the  Journal  devoted 
to  the  various  phases  of  this  industry. 

The  prospective  sales  of  vehicles  for  the  coming  sea- 
son, of  the  pleasure  and  general  purpose  types,  will 
amount  to  over  i  ooo  ooo,  and  these  are  being  distrib- 
uted through  some  16000  legitimate  dealers.  Truck  and 
bus  production  will  probably  number  in  the  neighbor- 
hood of  25  000  units  for  the  coming  season.  The  roughly 
estimated  total  value  of  all  classes,  exclusive  of  such 
vehicles  as  motor  cycles  and  aeroplanes,  will  be  ap- 
proximately $7  280  000  000.  The  exports  this  year, 
based  upon  the  latest  returns  available,  will  total  over 
$100000000  up  to  December  i.  These  figures  include 
trucks  and  pleasure  cars,  the  latter  being  only  slightly 
less  in  value  than  for  the  previous  season,  which  really 
means  that  more  vehicles  of  this  type  were  exported,  the 
average  sales  price  being  much  lower  than  in  previous 
years  and  more  value  being  given  for  the  money,  rather 
than  a  smaller  number  of  cars  being  exported,  as  might 
be  supposed  at  the  first  glance. 

The  automobile  industry  provides  employment  di- 
rectly to  over  450000  persons,  and  if  all  accessory  fac- 
tories and  their  employees  were  considered,  roughly 
I  050  000  persons  are  dependent  upon  the  automobile 
industry.  But  what  shall  we  class  as  "accessories?" 
Certainly  not  raw  materials,  and  in  the  above  figure  raw 
material  or  the  partial  fabrication  of  them  has  not  been 
taken  into  consideration.  If  it  will  take  the  hides  of, 
roughly,  750  OOO  cattle  for  the  leather  upholstering,  not 
considering  the  millions  of  yards  of  fabrics  for  tops  and 
other  forms  of  upholstering  than  leather,  and  the  train- 
loads  of  light  hardware,  etc.,  that  enter  into  the  con- 
struction of  the  pleasure  or  commercial  vehicle,  who 
shall  estimate  the  total  number  of  persons  the  automo- 
bile industry  indirectly  houses  and  feeds  ?  It  would  take 
a  fairly  large  clock  factory  to  produce  the  300  000  auto- 
mobile timepieces  that  will  be  demanded  for  the  next 
season's  production  of  automobiles. 

Without  going  into  details  about  the  automobile  tires 
that  will  be  needed  to  supply  new  and  old  vehicles,  it  may 
be  said  that  more  than  7  250  000  tires  will  be  produced. 

Perhaps  the  figures  collected  to  show  the  extent  and 
scope   of   advertising   may   not    stagger   the   American 


readers  who  are  accustomed  to  talking  in  millions.  Prob- 
ably the  popular  advertising  of  vehicles  and  accessories 
in  daily,  weekly  and  monthly  mediums  will  reach  a  net 
total  for  minimum  space  value  of  upwards  of  $4  750  000 
for  the  coming  year.  One  famous  weekly  medium 
claims  to  have  space  already  signed  up  for  over 
$2  000  000.  In  addition,  the  millions  of  catalogues 
printed  and  distributed,  and  the  outdoor  advertising, 
such  as  signboards,  posters,  etc.,  should  be  considered, 
which  in  addition  to  other  forms  of  advertising  furnish 
employment  to  many  hundreds  of  people.  Its  cost  is 
almost  impossible  to  estimate  accurately ;  doubtless  it 
will  be  another  $4000000  a  year. 

Consider  the  banker :  As  usual,  he  gets  something 
more  than  a  living  from  the  automobile  business.  The 
total  value  of  all  cars  produced  and  the  materials  manu- 
factured for  them  passes  through  his  hands  in  the  form 
of  cash  many  times  from  the  production  of  the  raw  to 
the  finished  product,  from  the  maker  to  the  user,  and 
of  course  banking  percentage  in  these  transactions  is 
perfectly  legitimate. 

In  spite  of  the  tremendous  increase  in  the  production 
of  pleasure  vehicles,  it  appears  at  this  time  that  all  the 
manufacturers  have  in  prospect  more  business  than  their 
estimates  of  six  months  ago  led  them  to  expect,  and 
there  is  a  wild  scramble  for  materials,  tools  and  build- 
ings to  meet  the  demands  at  home  and  abroad,  many 
makers  planning  to  double  their  output  for  the  coming 
season.  It  is  wonderful,  in  the  face  of  the  rapidly 
rising  material  market,  that  the  automobile  manufac- 
turers continue  to  supply  vehicles  at  such  extremely 
moderate  prices,  specifications  considered,  and  it  is 
not  idle  talk  to  say  that  many  of  the  agents  of  these 
customers  are  advising  their  prospective  customers 
to  place  orders  early  if  they  are  to  receive  deliveries 
and  protect  themselves  against  a  possible  advance  in 
prices. 

Regarding  the  electrical  equipment  of  gasoline-pro- 
pelled vehicles — the  subject  primarily  under  considera- 
tion— these  devices  are  now  of  prime  importance  to 
everyone,  from  manufacturer  to  user,  and  the  appa- 
ratus supplied  by  the  electrical  manufacturers  of  this 
class  to  the  automobile  manufacturers  has  a  total  value 
of  $20750000,  roughly  speaking. 

It  is  about  time  that  the  electrical  journals  of  this 
country  gave  thought  and  space,  and  careful  attention 
to  this  business,  representing,  as  it  does,  a  large  factor 
in  electrical  manufacturing  in  units  and  volume,  if  not  in 
the  same  percentage  of  relation  to  the  dollar  value.  It 
is  clear  that  the  publishers  of  the  Journal  are  thor- 
oughly aware  of  the  situation,  and  appreciate  that  the 
reader  of  almost  every  trade  publication  is  in  all  proba- 
bility an  automobile  owner  or  would  like  to  be  one.  And 
it  is  probable  that  the  electrical  magazines  of  the  country 
have  a  higher  percentage  of  readers  and  subscribers  who 
are  in  a  financial  position  to  own  an  automobile  than 
would  be  found  among  the  subscribers  to  most  other 
trade  publications.  G.  Brewer  Griffin 


THE    ELECTRIC   JOURNAL 


3 


The 
Electric 
Vehicle 


The  electric  passenger  automobile  has 
been  considered  generally  by  the  pub- 
lic as  a  pleasure  or  social  car  to  be 


used  by  women  only,  because  it  is  the 
safest,  easiest  and  most  reliable  type  of  car  for  a  woman 
to  drive,  but  this  opinion  was  first  shaken  and  th?n  dis- 
pelled by  the  comparatively  large  number  of  business 
and  professional  men  who  have  found  that  the  electric 
car  fulfills  all  the  requirements  of  city  service  with  re- 
spect to  speed,  range  and  cost  of  operation,  and  have 
adopted  such  a  car  for  their  own  use.  However,  the 
introduction  of  auxiliary  electrical  equipment,  such  as 
electric  lighting  and  starting,  and  its  general  use  on  high- 
grade  gasoline  cars  has  tended  to  obscure  one  of  the 
merits  possessed  by  the  electric  passenger  car,  that  is, 
the  cost  of  maintenance.  In  this  issue  Mr.  Gail  Reed 
has  recorded  the  maintenance  costs  of  electric  cars, 
which  compare  very  favorably  with  those  of  the  better 
class  of  gas  cars  which  any  successful  business  or  pro- 
fessional man  would  choose  as  conveying  a  correct  im- 
pression of  himself.  Mr.  Reed  does  not  mention  the 
relative  depreciation  in  the  electric  car  and  the  gasoline 
car,  but  one  finds  it  difficult  to  leave  the  subject  without, 
at  least,  calling  attention  to  the  superiorty  of  the  electric 
car.  Notwithstanding  the  favorable  position  of  the  pas- 
senger car,  the  field  of  greater  opportunity  for  the  pro- 
motion of  the  electric  vehicle  industry  lies  in  the  use  of 
trucks  for  transporting  commercial  goods,  and  here  the 
demand  is  for  small  and  moderate  capacity  delivery 
wagons  rather  than  very  large  capacity  trucks  or  drays. 
This  field  is  very  extensive,  and  as  yet  has  been 
scratched  only,  but  rapid  progress  is  being  made,  as  is 
evidenced  by  the  economical  and  satisfactory  operation 
of  large  fleets  of  electric  vehicles  such,  for  example,  as 
in  the  department  stores  of  Gimbel  Brothers  in  New 
York,  Wanamaker  in  Philadelphia,  Marshall-Field  in 
Chicago ;  the  bakeries  of  Ward  in  New  York  and  Brook- 
lyn, and  Ward  Brothers  in  Rochester  and  Buft'alo ;  the 
Adams  and  American  express  companies  in  practically 
all  the  large  cities  in  their  territores ;  many  of  the  larger 
brewers,  such  as  Jacob  Rupert  in  New  York  ;  practically 
all  of  the  larger  central  stations,  notably  the  Common- 
wealth Edison  Company,  the  Edison  Illuminating  Com- 
pany of  Boston,  the  New  York  Edison  Company,  the 
United  Electric  Company  of  New  York,  the  Public 
Service  Corporation  of  New  Jersey,  and  the  Duquesne 
Light  Company  of  Pittsburgh;  and  the  Curtis  Publish- 
ing Company  and  many  other  establishments  owning  and 
operating  smaller  fleets. 

The  electrical  equipments  are  constructed  and  have 
characteristics — especially  the  storage  batteries  as  eluci- 
dated in  articles  by  Mr.  J.  H.  Tracy  and  Mr.  E.  J.  Ross, 
Jr.,  in  this  issue — such  that  they  can  be  cared  for  best  by 
skilled  attendants.  All  of  the  concerns  cited  herein- 
before have  large  enough  fleets  to  warrant  private  gar- 
ages with  suitable  charging  equipment  and  skilled  at- 
tendants. There  are,  moreover,  numerous  electric  trucks 
operated  by  concerns  whose  business  is  not  of  sufficient 
volume  to  warrant  a  private  garage  and  skilled  attend- 


ants. Such  truck  owners  have  found  that  they  can  se- 
cure adequate  and  dependable  service  from  various  pub- 
lic garages,  with  the  added  advantage  to  the  vehicle 
operators  that  they  can  foretell  exactly  what  the  cost  of 
their  delivery  service  will  be,  as  the  garages  almost  in- 
variably make  a  uniform  charge  per  month  for  storing 
and  charging  the  cars,  which  is  generally  independent  of 
the  number  of  miles  traveled  per  day.  Public  garages 
of  this  type  require  a  much  more  diversified  class  of 
equipment  than  do  the  private  garages,  as  it  is  necessary 
for  them  to  provide  charging  equipment  to  care  for  all 
types  and  capacities  of  storage  batteries,  as  is  fully  ex- 
plained by  Messrs.  Schoepf,  Candy  and  Brackett  in  their 
articles  in  this  issue. 

For  such  establishments  as  do  not  care  to  give  as 
much  supervision  to  an  electric  truck  as  is  required  for 
the  charging  and  care  of  the  batteries,  the  battery  rental 
scheme  which  has  been  introduced  in  New  York,  Chi- 
cago, Boston,  Baltimore  and  other  cities  is  proving  very 
attractive,  as  the  payment  of  a  moderate  charge  provides 
for  a  fully  charged  battery  in  good  operating  condition 
to  be  placed  in  the  car  at  any  time. 

The  most  recent  interesting  development  in  the  elec- 
tric vehicle  field  is  the  electric  taxicab  which  has  been 
introduced  so  extensively  and  successfully  in  Detroit. 
The  owner  of  the  electric  taxicab  is  attracted  by  its  eco- 
nomical operation  and  dependability,  and  the  user  is 
attracted  by  its  cleanliness  and  freedom  from  obnoxious 
fumes  and  noises. 

The  use  of  self-propelled  vehicles  equipped  with 
storage  batteries  is  rapidly  spreading  into  many  fields, 
such  as  small  burden-bearing  trucks  and  tractors  and 
narrow-gauge  locomotives  in  industrial  works,  and  loco- 
motives in  gathering  service  in  coal  mines  and  haulage 
in  metal  mines.  Under  a  recent  ruling  of  the  Interstate 
Commerce  Commissioners  railroads  are  required  to 
make  a  charge  for  shifting  or  "spotting"  cars  on  a  pri- 
vately owned  siding  or  spur,  so  that  many  works  of  mod- 
erate or  considerable  capacity  are  purchasing  storage 
battery  locomotives  for  this  service. 

The  importance  of  the  development  of  the  electric 
vehicle  business  to  the  central  stations  cannot  be  over- 
estimated. An  idea  of  its  present  size  may  be  obtained 
from  the  following  investment  figures  taken  from  the 
N.E.L.A.  report  for  1915: — Express  and  transfer  com- 
panies, $3  010  000 ;  public  service  companies,  $3  671  000 : 
department  stores,  $5  627  000 ;  packing  house  organiza- 
tions, $609  000 ;  brewers,  $5  350  000 ;  wholesale  mer- 
chants and  manufacturers,  $2088000;  United  States 
Government  service,  $435  000. 

As  pointed  out  by  Mr.  Gilchrist,  in  this  report  no 
other  load  that  the  central  station  can  secure  is  so  essen- 
tially off-peak  in  character,  as  the  natural  time  for 
charging  a  commercial  truck  is  exactly  that  time  at 
which  the  central  station's  load  is  smallest.  The  load- 
factor  of  the  average  charging  equipment  is  very  high, 
ranging  from  25  to  40  percent  on  a  24  hour  basis,  and 
the  total  income  to  be  secured  is  very  large. 

J.  M.  CURTIN- 


Lighting  and  Starting  Systems 

FROM  THE  CAR  MANUFACTURER'S   STANDPOINT 

D.  G.  Roos 

Engineering  Dept., 

Locomobile  Companj-  of  America 


THE  motor  car  manufacturer  who  is  about  to  de- 
cide upon  an  electric  lighting  and  starting  system 
finds  himself  confronted  with  a  number  of  ques- 
tions, all  of  which  have  an  important  bearing  on  his 
selection  of  equipment. 

J — The  voltage  of  the  systems  he  is  to  employ. 

2 — The  size,  type,  capacity  and  location  of  the  stor- 
age battery. 

J — Whether  the  single  unit  or  motor-generator  set 
shall  be  used,  and  the  type  of  regulation  to  be  used  on 
the  generator. 

4 — The  application  of  the  starter  and  generator  units 
to  the  power  plant  of  the  car. 

5 — The  style  of  wiring,  switch  details  and  electrical 
fittings  to  be  used. 

These  various  points  will  be  discussed  briefly  alono- 
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FIG.   I— MOTOR  TORQUE  CURVE 

Showing  torque  needed  to  sustain  a  given  speed  with  standard 
gearing,  20  :  I,  with  throttle  open  and  motor  well  limbered  up. 

with  a  few  of  the  vital  considerations  which  should  gov- 
ern the  selection  of  the  most  desirable  equipment. 

THE  SELECTION  OF  VOLTAGE 

The  most  widely  adopted  standard  of  voltage  is  the 
so-called  six-volt  system,  based  on  the  three-cell  storage 
battery,  whose  voltage  is  about  6.3  to  6.6  volts  on  open 
circuit.  This  system  is  first  due  to  the  fact  that  six-volt 
lamps  were  the  first  standard  miniature  lamps  available 
in  quantity  and  variety,  and  that  six  volts  was  the 
standard  for  ignition.  When  starters  came  on  the  mar- 
ket there  was  a  tendency  to  higher  voltages,  12,  18  or 
24  volts,  and  lamps  were  burned  in  series.  The  gener- 
ally accepted  argument  for  this  was  that  six-volt  start- 
ing motors  could  not  be  built  that  were  sufficiently  light, 
powerful  and  efficient  to  crank  the  large  engines.  Un- 
doubtedly high  voltages  simplified  the  starting  problem 
and  produced  high  cranking  speeds,  with  relatively  small 
motors.  But  when  it  is  considered  that  a  six-cylinder, 
4/^  by  5>4  inch  engine  may  be  cranked  at  120  r.p.m. 
with  a  six-volt  motor  weighing  34  pounds  net,  and 
having  an  efficiency  of  71  percent,  it  is  readily  seen  how 


erroneous  the  first  impressions  were  in  regard  to  the 
possibilities  of  the  six-volt  system. 

The  fact  that  six-volt  lamps  were  alone  available 
produced  bi-voltage  systems ;  six  volt  lighting,  twelve 
volt  starting,  or  even  18  and  24  volt  systems  with  three- 
wire  systems  of  wiring.  The  bi-voltage  idea  is  losing 
ground,  and  as  twelve-volt  lamps  are  available,  the 
tendency  is  to  use  either  a  straight  six  or  twelve  volt 
system,  with  the  majority  using  six  volts. 

From  the  battery  standpoint,  six  volts  is  more  desir- 
able. The  battery  is  about  20  percent  lighter  for  a  given 
watt-hour  capacity.  There  are  only  three  cells  to  look 
after.  The  number  of  plates  per  cell  is  greater,  so  that 
the  failure  of  one  or  more  plates  does  not  have  so 
marked  an  eiifect  in  reduction  of  capacity  or  increased 
internal  resistance.  The  space  occupied  by  the  twelve- 
volt  battery  is  larger  than  that  occupied  by  the  six-volt 
battery.     These  points  the  manufacturer  may  waive,  in 


Weight 

Capacity  in  Watt-hours 

Cost 

Voltage 
6 

Voltage 

6          1 

Voltage 
6il                12 

SO 
60 
80 

71 
86 

gi8 

420 
67  a 
960 

125.50 
29.00 
36.00 

J33.00 
37.00 
42  00 

consideration  of  faster  cranking  speed  with  the  twelve- 
volt  system,  smaller  amount  of  copper  required  for 
wiring,  reduced  losses  in  fittings,  etc.,  from  voltage  drop. 
Table  I  gives  a  comparison  of  six  and  twelve  volt  bat- 
teries of  nearly  the  same  watt-hour  capacity  at  forty- 
minute  rating. 

THE   STORAGE   BATTERY 

Capacity — In  choosing  a  storage  battery  the  car 
manufacturer  should  select  one  of  as  large  capacity  as 
space,  weight  and  price  limitations  will  permit.  Large 
capacity  in  the  storage  battery  is  an  advantage  from 
every  angle  except  perhaps  the  cost  of  renewals  to  the 
customer. 

I — It  gives  better  voltage  regulation,  the  internal 
drop  in  voltage  being  less  as  the  capacity  is  increased. 
The  counter  e.m.f.  is  not  so  high  with  a  given  charging 
rate.  The  voltage  regulation  at  the  lamps,  therefore,  is 
better,  being  held  more  nearly  within  the  prescribed 
limits,  even  though  a  constant  current  regulation  is  used 
on  the  generator. 

^— The  larger  the  battery,  the  less  is  the  danger  of 
the  system  going  dead  in  cold  weather.  The  capacity 
of  the  average  lead  battery  at  zero  F.  is  about  50  percent 
of  its  capacity  at  70  degrees,  carburetor  conditions  are 
correspondingly  bad,  and  the  engine  is  stiflfer  than  when 
warm.     A  large  reserve  in  capacity  is  a  good  thing  to 
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have  under  these  conditions.  A  sate  rule  is  to  provide 
a  battery  which  will  crank  the  engine  thirty  minutes  or 
more  at  jo  degrees,  engine  and  battery  temperature. 

The  Style  of  Battery — This  should  be  a  standard 
assembly,  so  that  a  customer  can  readily  have  it  re- 
paired or  replaced.     A  freak  or  non-standard  assembly 
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KIG.    2 — COMPARISON    OF    MOTOR-GENERATOR     STARTING    CHARACTER- 
ISTICS   WITH   THOSE  OF  A    SEPARATE   UNIT   STARTING    MOTOR 

Full  line,  motor  generator :  dotted  lines,  separate  unit. 

should  never  be  used  for  the  purpose  of  stowing  away 
the  battery  out  of  sight.  The  battery  should  be  bought 
of  a  reputable  and  experienced  concern,  one  having 
service  stations  in  every  territory  where  there  are  cus- 
tomers. 

The  Location  of  the  Battery — This  should  be  such 
that  it  is  readily  accessible  for  inspection.  This  is 
vitally  important.  The  operators  will  neglect  the  bat- 
tery if  it  is  too  difficult  of  access,  and  the  entire  system 
will  be  blamed.  The  battery  should  be  fastened  se- 
curely, otherwise  jarring  will  quickly  destroy  it.  The 
mounting  should  be  such  that  there  is  no  danger  of 
corrosion  of  the  supports  from  acid  fumes,  nor  should  it 
be  possible  for  a  short-circuit  to  do  any  serious  damage 
to  the  car.  The  battery  should  never  be  held  down  with 
wedges.  This  strains  the  battery  box  and  does  not  prop- 
erly hold  down  the  battery.  The  proper  method  is  to 
hold  the  battery  down  by  the  handles  firmly.  The  hold- 
ing hooks  or  screws  should  be  insulated  from  either  the 
battery  or  the  chassis. 

CONSIDEIt.\TIONS    GOVERNING    THE    CHOICE    OF    A 
STARTING    MOTOR 

It  is  generally  conceded  that  better  weight  economy 
and  efficiency  can  be  obtained  if  a  separate  motor  and 
generator  are  used.  A  motor-generator  must  be  a  com- 
promise in  design,  unless  the  armature  is  run  at  vastly 
greater  speed  as  a  generator  than  as  a  motor.  It  is 
practical  for  small  installations  to  do  this  and  get  good 
results,  especially  if  "inherent  current  regulation"  is 
used  for  controlling  the  current  output  as  a  generator. 
Such  motor-generators  are  usually  geared  2.5  or  3  to  i 
with  the  engine  crank  shaft. 

For  large  engines  the  weight  of  the  motor-generator 
of  requisite  starting  torque  becomes  enormous  and  it 
becomes  necessary  to  use  larger  reduction  in  the  gearing 


and  run  the  armature  at  more  nearly  the  same  speed — 
as  a  motor  and  generator.  This  immediately  reduces  the 
efficiency  of  the  machine  and  it  becomes  an  advantage  to 
use  two  separate  units.  In  case  "voltage  regulation"  is 
desired  for  controlling  the  output  as  a  generator,  there 
is  no  choice ;  the  advantage  is  all  in  favor  of  the  separate 
units.  Table  II  gives  comparisons  for  equipments  for  a 
six-cylinder  41/^  by  5J/2  engine.  Here  is  shown  a  dis- 
tinct advantage  of  weight  and  efficiency  in  favor  of  the 
separate   units,   as  against   a   motor-generator.      If   the 

TABLE  II 


Single  Unit 
Motor-Generator 

Separ.^te  Unit 

Gearing  as  a  motor 20-1 

Gearing  as  a  generator.  .  .  !  .  i^-i 
Weight,  lbs    76 

Weight  gears  and  shaft,  lbs.  ...  iS 

Total  weight,  lbs 94 

Percent  efficiency  of  motor 65 

Gearing  of  motor lo-i 

Gearing  of  generator ij^-i 

Weight  of  motor  and  lo-i  gears 

lbs 34 

Weight  of  generator,  lbs 30 

Total  weight,  lbs 64 

Percent  efficiency  of  motor 71 

generator  is  shunt  wound  and  has  voltage  regulation,  its 
efficiency  is  higher  than  a  generator  of  the  bucking  coil 
type  so  that,  if  this  type  of  regulation  is  chosen,  it  will 
further  reduce  the  weight  of  a  generator  of  given  ca- 
pacity. This  type  of  regulation  cannot  be  used  in  a 
motor-generator  without  greatly  increasing  its  weight. 
It  requires  double  field  windings,  double  armature  wind- 
ings and  two  commutators  with  loss  in  generator  and 
motor  efficiency,  and  a  great  increase  in  size.  This  is 
shown  by  the  fact  that  nearly  all  systems  using  the 
single  unit  (motor-generator)  are  using  differentially 
compounded  iields  and  inherent  regulation,  while  on 
separate  unit  systems,  the  tendency  is  to  voltage  regula- 
tion with  some  form  of  shunt  field  control.  Fig.  i  shows 
the  comparative  performance  of  a  motor-generator 
starting  characteristics  and  a  separate  unit  starting 
motor,  both  of  the  same  rated  capacity. 

The  engine  flywheel  type  of  motor-generator  is  not 
gaining  favor.     There  is  no  saving  in  weight,  but  a  dis- 
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FIG.  3 — CHARACTERISTICS  OF  INHERENT  CURRENT 
REGULATED  GENERATOR 

tinct  loss.  Commutating  speeds  are  high,  numerous  sets 
of  brushes  are  used,  with  consequent  added  probability 
of  trouble.  The  armature  is  "overhung"  and  direct- 
coupled  to  a  reciprocating  engine,  a  practice  never  at- 
tempted successfully  in  the  field  of  power  engineering. 
The  entire  apparatus  is  exceedingly  difficult  of  access, 
difficult  of  repair  and  difficult  of  replacement. 
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For  small,  high-speed  engines,  a  motor-generator 
may  be  selected  geared  2)/^  or  3  to  i  by  chain  or  gears, 
but  for  medium  or  low-speed  engines  the  individual  unit 
system  should  be  used.  The  use  of  separate  motor  and 
generator  permits  the  ready  removal  or  neplacement  of 
one  unit  without  affecting  the  other.     Ine  cost  of  re- 
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FIG.  4 — CHARACTERISTICS   OF  A  VOLTAGE  REGULATED  GENERATOR 

In  a  nine-hour  general  performance  run. 

placement  or  repairs  is  less  to  a  customer  than  a  com- 
bined unit.  The  installation  should  be  made  so  that 
either  unit  is  readily  removable. 

The  high-grade  car  manufacturer  always  regards  the 
starting  motor  and  lighting  generator  as  external  ac- 
cessories, and  as  a  rule  does  not  favor  building  them 
into  the  engine.  For  this  reason  flywheel  geared  apjjli- 
cations  of  starting  motors  are  increasing,  while  driving 
through  the  timing  gears  or  by  chain  with  overrunning 
clutches  is  losing  favor.  Transmission  applications  are 
also  receiving  some  degree  of  popularity.  The  gener- 
ator is  usually  driven  from  the  the  timing  gears  and  is 
made  readily  removable,  like  the  magneto.  This  is  good 
practice.  To  build  the  generator  or  starting  motor  into 
the  engine  ties  up  the  entire  car  while  either  one  is  re- 
moved, and  in  case  of  a  breakage  the  damage  to  the 
entire  engine  may  be  serious.  No  manufacturer  should 
employ  a  starter  having  a  lower  ratio  of  stalling  torque 
to  running  torque  than  6  to  i. 

Double  reduction  starting  motors  are  frequently 
used,  having  ratios  of  from  15  to  i,  or  30  to  i.  A  great 
step  in  advance,  from  the  car  manufacturer's  point  of 
view,  was  the  development  of  the  high-torque,  low-speed 
motor,  which  permits  meshing  the  starting  pinion  direct 
to  the  flywheel  at  about  10  to  i  reduction,  or  lower. 
This  makes  an  ideal  installation,  simple,  much  more 
quiet  and  more  efficient  than  the  double  reduction  in- 
stallation. The  gear  meshing  may  be  fully  automatic, 
as  with  the  screw  type  or  Bendix  method  of  meshing, ; 
or  it  may  be  magnetic,  as  in  the  Westinghouse  and  Rush- 
more  type  of  machines.  The  flywheel  teeth  and  starter 
pinion  teeth  should  be  cut  at  a  slight  angle  when  mag- 
netic meshing  is  used — about  13  degree  pitch  on  the 
teeth.     This  has  the  effect  of   drawing  the   pinion   in 


mesh  when  the  starter  is  driving  the  engine,  and  of 
kicking  it  out  of  mesh  when  the  engine  tries  to  drive  the 
starter.  Overrunning  clutches  are  eliminated  in  this 
type  of  installation.  Intermediate  resistance  contacts 
are  also  eliminated  and  the  enmeshnient  of  the  gear  is 
perfect. 

/ — -The  cranking  speed,  determined  from  the  torque 
resistance  and  r.p.m.  curve  of  engine,  should  be  fast 
enough  for  proper  carburetor  and  ignition  functioning. 

2 — Motor  should  have  a  stalling  torque  of  from  five 
to  eight  times  the  torque  required  to  keep  the  engine 
turning  at  cranking  speed. 

5 — In  deciding  on  the  application  of  the  starter,  con- 
sider accessibility,  quietness  and  simplicity. 

Cranking  Speed — Good  judgment  must  be  used  as  to 
the  reduction  between  the  starter  and  engine  crank  shaft. 
It  depends,  first,  on  the  starting  motor  characteristics ; 
second,  on  the  battery  capacity,  and  third,  on  the  torque 
resistance  of  the  engine.  In  winter  the  battery  capacity 
is  low  and  the  engine  resistance  is  high,  so  a  large  mar- 
gin of  reserve  torque,  from  six  to  eight  times  as  great  as 
the  normal  torque  required  to  keep  the  engine  turning, 
should  be  allowed  for  in  gearing.  At  the  same  time  the 
cranking  speed  must  be  high  enough  to  obtain  a  magneto 
spark  and  aspirate  gas  from  the  carburetor. 

Magnetos  will  give  a  spark  at  as  low  as  90  r.p.m.  and 
nearly  all  carburetors  will  aspirate  at  that  speed.  A 
primer  facilitates  starting.  The  manufacturer  must 
reach  a  compromise  between  cranking  speed  and  reserve 
starting  motor  torque.  Cranking  at  high  speeds  (150 
r.p.m.  or  over)  is  a  waste  of  energy  and  requires  a  need- 
lessly heavy  starling  motor.  Every  car  manufacturer 
should  make  a  curve  of  his  engine  similar  to  that  shown 
in  Fig.  I.  This  shows  the  mean  torque  resistance  of  a  six- 
cylinder  engine,  4J/2  by  53^  inch,  at  various  speeds  with 
open  throttle.     The  curve  shows  the  lowest  torque  be- 
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FIG.    5 — BATTERY   PERFORMANCE   CURVES 

With  an  inherent  regulated  current  generator. 

tween  60  and  120  r.p.m.  The  torque  increases  rapidly 
below  60  r.p.m.,  and  rises  more  slowly  as  the  speed  in- 
creases above  120  r.p.m.  It  is  evident  that  the  most  eco- 
nomical cranking  speed  lies  in  the  region  between  60 
and  120  r.p.m.  for  this  motor  and  a  flywheel  torque  of 
35  foot-pounds.  This  being  known,  the  manufacturer 
of  the  car  is  in  a  position  to  select  gearing  and  specify 
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the  torque-speed  characteristics  required.  For  this  par- 
ticular motor  a  starter  was  used  having  a  cranking  speed 
of  120  r.p.m.,  10  to  I  reduction  and  a  stalHng  torque  of 
22  foot-pounds,  or  on  the  engine  crank  shaft  220  foot- 
pounds torque. 

CONSIDERATIONS    GOVERNING    GENERATOR 
SPECIFICATIONS 

With  reference  to  the  characteristics  of  the  gener- 
ator, whether  the  generator  is  also  the  starting  motor  or 
whether  it  is  a  separate  unit,  the  speed  at  which  the  gen- 
erator "cuts  in,"  that  is,  commences  to  charge  the  bat- 
tery, should  be  as  low  as  possible,  not  over  ten  miles  per 
hour  car  speed  under  any  conditions.  The  characteris- 
tics of  the  generator  selected  will  depend  upon, — 

/ — The  size  of  the  storage  battery. 

3 — The  lamp  load. 

3 — What  type  of  regulator  is  used. 

The  Size  of  Battery — In  general  a  good  way  to  at- 
tack this  problem  is  to  assume  that  a  tourist  might  start 
out  in  the  morning  with  a  battery  about  80  percent  dis- 
charged.    The  generator  should  be  capable  of  charging 
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FIG.  6 — VOLTAGE  REGULATION  CURVES 

Of  an  inherent  current  regulated  generator. 

the  battery  fully  in  a  day's  run  of  t\x,»  hundred  miles  in, 
say  ten  hours,  averaging  twenty  miles  per  hour,  assum- 
ing the  following  six-volt  battery  capacities  in  ampere- 
hours  : — 


Battery 
Capacity. 

150 

120 

100 

80  Percent 

Discharge. 

120 

96 

80 

Generator 

Capacity. 

12 

9.6 

8 

90 

72 

7-- 

These  generator  capacities  represent  the  average 
ampere-hour  output  of  the  generator  required  on  a 
steady  ten-hour  run.  Neither  the  "constant  current" 
type  of  generator  nor  the  "constant  voltage"  type  gives 
a  steady  ampere  output  with  continuous  sustained  run- 
ning. 

THE  EFFECT  OF  THE  TYPE  OF  REGULATION   ON 
GENERATOR    CAPACITY 

The  "constant  current"  generator  has  a  "heat  co- 
efficient" and  it  gradually  tapers  its  charge  as  the  gen- 
erator temperature  rises.  This  is  illustrated  by  the  curve 
shown    in    Fig.    3.      Here    the   generator    starts    at    13 


amperes,  but  soon  tapers  to  a  steady  charging  rate  of 
approximately  10.2  amperes.  The  mean  average  output 
in  amperes  per  hour  on  a  basis  of  the  ten  hours  is  10.56 
amperes.  Therefore,  from  the  point  of  battery  capacity 
this  generator  would  be  suitable  for  use  in  connection 
with  a  120  or  130  ampere-hour  battery. 

If  a  generator  of  the  voltage  control  type  is  used  the 
characteristics  are   different.     Fig.  4   shows  a   voltage 
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FIG.  7 — VOLTAGE  REGULATION  CURVES 
Of  a  current  regulated  generator  with  vibrator  control. 

control  generator  charging  a  battery.  At  the  start  this 
generator  gives  18  amperes,  but  as  the  battery  counter 
e.m.f.  rises  it  tapers  to  5  amperes,  with  an  average  of 
11.78  amperes  per  hour.  The  temperature  rise  is  not 
excessive,  so  that  this  generator  is  able  to  handle  a  bat- 
tery at  150  ampere-hours  capacity  or  less. 

It  is  to  be  noted  that  the  voltage  regulated  gener- 
ator will  not  overcharge  a  battery ;  therefore,  the 
generator  characteristics  shown  in  Fig.  4  are  satisfac- 
tory for  smaller  batteries  than  150  ampere-hours.  How- 
ever, the  generator  would  be  needlessly  large  for  small 
battery  installations — 60,  80  and  go  ampere-hour  bat- 
teries. 

The  Condition  Imposed  on  the  Generator  by  the 
Lamp  Load — The  lamp  load  and  voltage  at  the  lamps 
must  also  be  considered  when  choosing  a  generator.  The 
generator  should  be  capable  of  carrying  the  ordinary 
touring  lamp  load  of  side  and  tail  light  at  a  car  speed  of 
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FIG.   8 — BATTERY   PERFORMANCE  CURVES 

With  a  current-controlled  generator  with  vibrator  control. 

not  over  15  miles  per  hour,  and  it  should  be  able  to  carry 
the  entire  lamp  load  of  head,  tail,  dash,  tonneau  and 
interior  lights  and  ignition  at  not  over  20  miles  per  hour. 
This  should  be  done  and  a  good  margin  of  charging 
current  put  into  the  battery  besides  at  speeds  above  those 
stated.    Regulation  of  the  constant  current  type  is  usu- 
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ally  obtained  by  a  compound  winding,  so  that  with  the 
lamp  load  on  the  excitation  of  the  generator  is  increased, 
and  hence  its  output  for  a  given  speed.  The  curves 
shown  in  Fig.  5  illustrate  this.  These  are  made  with  the 
same  generator  which  produced  the  results  shown  in 
Fig.  3.  Since  the  output  of  the  constant  current  gener- 
ator is  independent  of  the  battery  voltage,  it  is  possible 
to  get  very  high  voltages  at  the  lamps.  Fig.  6  shows  the 
voltage  at  the  switch  bus,  corresponding  to  the  various 
speeds  and  lamp  loads  shown  in  Fig.  5,  with  a  fully 
charged  gassing  battery.  The  actual  voltage  at  the  lamps 
is  about  one-half  a  volt  less,  due  to  line  drop.  From  Fig. 
6  it  will  be  seen  that  the  voltage  of  the  lamps  varies  over 
a  wide  range,  and  consequently  the  brilliancy  of  the 
lamp  varies.  This  is  a  general  criticism  of  this  type  of 
regulation.     Its  great  advantages  are : — 

/ — It  can  break  down  the  sulphate  in  a  battery  wbicli  has 
become  badlj-  sulphated  and  bring  it  rapidly  back  to  a  healthy 
condition. 

i" — It  is  simple  in  the  extreme  and.  therefore,  very  reliable. 

3 — With  a  reasonable  amount  of  battery  care,  and  the  use 
of  lamps  having  six  to  eight  volt  filaments  (or  correspondingly 
higher  for  12  volts),  it  gives  no  trouble. 

Figs.  7  and  8  show  current  regulation  on  a  shunt  gen- 
erator by  means  of  a  vibrator  regulator.  With  this  type 
of  regulation  the  voltage  at  the  lamps  is  held  within 
much  closer  limits,  but  there  is  no  compounding  effect 
on  the  generator,  and  its  net  output  does  not  increase  as 
the  lamp  load  is  put  on.  Allowing  for  one-half  volt 
drop  in  the  line  to  the  lamps,  this  generator  would  give 
very  poor  lamp  voltage  on  heavy  lamp  loads.     Actually 
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FIG.   9 — VOLTAGE  REGUL.\TION   CURVES 

Of  a  voltage-controlled  generator. 

it  is  not  able  to  keep  a  battery  charged  under  ordinary 
service  conditions  where  much  night  running  is  reqviired, 
although  its  rating  is  practically  the  same  as  the  gen- 
erator previously  discussed.  With  current  regulation  a 
compromise  must  be  arrived  at  between  generator  and 
battery  capacity.  It  must  be  remembered  that  a  battery 
can  rarely  be  injured  from  charging  except  by  heating, 
so  that  to  use  a  generator  of  large  capacity,  capable  of 
carrying  slightly  more  output  than  the  full  lamp  load 
requires,  is  safe  practice.  Voltage  regulation  is  rapidly 
becoming  popular.  It  vastly  simplifies  the  lighting  situ- 
ation. 


1 — Tlie  voltage  at  the  lamps  can  be  held  within  very  close 
limits. 

2 — Current  can  be  put  back  in  the  battery  at  very  high  rate 
without  excessive  voltage  or  electrolysis  of  the  water  in  the 
battery,  and  hence  frequent  refilling. 

J — The  lights  may  be  used  from  the  generator  alone  if  the 
storage  battery  is  disconnected. 

Figs.  9  and  10  show  the  generator  characteristics  of 
the  same  machine  which  produced  the  results  in  Fig.  4. 
The  "no  load"  amperage  has  dropped  from  18  amperes 
to  between  7  and  8  amperes,  because  the  battery  has 
been  charged,  yet  it  "builds  up"  its  output  sufficiently  to 
carry  a  75  candle-power  load  (11  amperes).  The  volt- 
age regulation  is  so  close  that  the  voltage  curves  had  to 
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FIG.    10 — B.VTTERY    PERFORMANCE    CURVES 

With  a  voltage-regulated  generator. 

Ije  plotted  separately,  as  shown  in  Fig.  y.  It  is  quite 
a])parcnt  that  with  this  type  of  regulation  the  car  manu- 
facturer has  only  to  consider  whether  or  not  he  has  ca- 
pacity enough  to  carry  his  lamp  loads  and  charge  the 
l)attery.  He  cannot  err  it  he  uses  a  generator  of  large 
capacity,  a  thing  he  might  do  with  a  "current-regulated 
machine." 

There  is  another  point  in  favor  of  voltage  regula- 
tion, namely,  that  it  permits  the  use  of  "gas  filled"  lamps, 
which  give  a  whiter  light  and  are  more  efficient  than  the 
vacuum  lamps.  These  lamps  require  close  voltage  regu- 
lation, so  that  they  cannot  be  used  with  a  current-regu- 
lated generator. 

The  most  widely  accepted  method  of  securing  volt- 
age regulation  is  by  a  vibrator  which  shimts  resistance 
in  and  out  of  a  shunt  field  winding.  They  are  fairly  reli- 
able, but  nearly  all  are  susceptible  to  pitting  of  vibrator 
contacts.  The  vibrators  are  delicate  and  prone  to  me- 
chanical troubles,  but  there  is  no  doubt  that  this  method 
will  ultimately  be  developed  to  a  high  state  of  perfection. 
One  thing  a  voltage-regtilated  generator  will  not  do  quite 
as  well  as  a  current-regulated  generator,  and  that  is 
"bring  back"  a  sulphated  battery.  The  high  internal  re- 
sistance of  the  battery  holds  down  the  output  of  the  gen- 
erator. 

THE    EFFECT    OF    THE    STARTING    CURRENT    ON 
GENERATOR   CHARACTERISTICS 

The  preceding  discussion  on  selecting  a  generator  of 
suitable  capacity  shows  that  even  in  event  of  the  starting 
motor  draining  the  battery  almost  entirely,  owing  to 
some  difficulty  with  carburetor,  ignition  or  cold  weather 
conditions,  the  generator,  if  of  proper  capacity,  would 
charge  the  battery  in  a  single  day's  sustained  run,  or  in  a 
period  of  several  days'  short  runs.  But  a  series  of  tests 
and  observations  show  that  under  extreme  conditions  a 
motor  will  start  in  much  less  than  five  minutes'  crank- 
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ing,  especially  if  primed.  Assuming  this  to  be  the  case, 
the  generator  will  recharge  the  battery  in  a  very  short 
time.  Take,  for  example,  our  specific  case  of  a  six- 
cylinder,  4I/2  by  5J4  inch  engine.  It  takes  125  amperes 
to  crank  this  motor  at  a  steady  speed  of  115  r.p.m.  This 
is  a  drain  of  (5  X  125)  ^-  60  =:  10.42  ampere-hours. 
The  generator,  if  of  the  constant-current  type  and  of  the 
characteristics  shown  in  Fig.  3,  would  at  twenty  miles 
per  hour  be  charging  at  10.56  amperes  or  better ;  hence 
it  would,  at  a  charging  efficiency  of  90  percent,  put  back 
the  charge  in  i.i  hours  or  less.  This  is  an  extreme  con- 
dition. 

The  voltage  control  generator  illustrated  in  Fig.  4 
would  commence  charging  at  18  amperes,  and  taper  to 
about  five  when  the  battery  came  up  to  charge,  giving  a 
mean  output  of  11.5  amperes  and,  at  90  percent  charging 
efficiency,  it  would  put  back  the  charge  in  1.04  hours  or 
less.  This  merely  goes  to  show  that,  given  a  generator 
of  reasonable  capacity,  the  starting  current  required  is 
not  an  important  factor  and  can  be  neglected. 


It  is  particularly  important  that  the  car  wiring  be  of 
extra  high  grade  and  installed  in  a  permanent  manner. 

First — Use  wire  of  ample  flexibility,  so  that  vibration  will 
not  break  it. 

Second — Use  wire  of  sufficient  carrying  capacity  to  secure 
good  voltage  at  the  lamps. 

Third — Use  wire  having  a  good  grade  of  insulation,  and 
then  carry  it  in  conduits  well  supported  everywhere. 

In  general,  the  electrical  fittings  used  on  cars  are 
about  the  poorest  things  on  the  whole  car.  Manufac- 
turers are  prone  to  regard  these  as  unimportant  details. 


Actually  they  cause  more  trouble  than  any  other  details 
of  the  electrical  equipment.  The  insulation  of  these  fit- 
tings should  be  mechanically  strong.  It  should  be  able 
to  stand  up  under  the  application  of  hot  solder  without 
getting  soft,  cracking  or  charring.  Bakelite,  condensite, 
porcelain  and,  in  general,  heat-resisting  moulded  ma- 
terials are  suitable.  Rubber  is  not  desirable  in  these  fit- 
tings. Where  spring  plungers  are  used  in  the  fittings, 
the  current  should  have  a  path  around  the  spring — not 
through  it.  Special  fittings  and  plugs  should  be  avoided. 
Fuses  should  be  used  in  every  circuit  except  the  starting 
circuit,  and  they  should  be  of  a  size  that  can  be  found  in 
any  supply  store. 

The  merits  of  the  grounded  return  system  of  wiring 
as  against  the  ungrounded  returns  system  the  writer 
does  not  wish  to  enlarge  upon,  except  to  say  that  the 
grounded  system  is  regarded  by  the  majority  of  car 
manufacturers  as  the  better  of  the  two, — 

First — Because  of  its  simplicity. 

Second — Because  the  fittings  are  better  and  less  costly. 
Third — The  saving  in  copper  is  considerable  and  the  wiring 
can  be  well  done  even  with  this  saving. 

The  switches  and  other  electrical  fittings  should  be 
of  sturdy  construction.  The  car  manufacturer  should 
keep  in  mind  the  fact  that  all  electrical  difficulties,  from 
a  short-circuit  in  the  w-iring  to  a  failure  of  the  battery 
separators,  is  usually  blamed  on  the  makers  of  the  start- 
ing motor  and  lighting  generator.  This  is  a  peculiar 
injustice  of  the  public,  but  very  common.  It  is,  there- 
fore, cheaper  in  the  end  to  make  the  wiring  of  the  car 
and  its  attendant  details  a  matter  of  study,  and  to  carry 
out  these  details  as  thoroughly  as  possible. 


The  Field  for  Mechanical  Rectifiers 


.\.  L.  Atherton 


THE  introduction  of  the  storage  battery  in  lighting 
systems,  as  part  of  the  standard  equipment  of 
gasoline  automobiles  before  the  electrical  equip- 
ment idea  was  generally  extended  to  cover  charging 
generators  driven  by  the  engine,  created  a  demand  for 
an  inexpensive  form  of  apparatus  to  charge  these 
batteries  from  ordinary  lighting  circuits.  ( )wners  of 
cars  not  equipped  with  charging  generators  found  it 
expensive  to  depend  upon  the  public  garage  to  keep 
their  batteries  charged,  and  those  who  kept  their  ma- 
chines in  private  garages  had  an  added  incentive  to  the 
use  of  some  home  charging  device  in  the  inconvenience 
of  getting  their  batteries  to  and  from  the  pul:)lic  garage 
for  charging. 

This  led  to  the  development  of  various  forms  of 
mechanical  rectifiers,  one  of  which  is  shown  in  Fig.  i, 
which,  by  use  of  transformers,  reduce  the  voltage  of 
the  lighting  circuit  to  the  proper  value,  and  by  means  of 
electrically-operated  switching  mechanisms  rectify  this 
reduced  voltage  to  unidirectional  voltage  suitable  for 
batterv  charging.     In  the  outfit  illustrated  in  Fig.  i,  the 


circuits  of  which  are  shown  on  Fig.  2,  the  transformer 
serves  the  double  purpose  of  reducing  the  line  voltage 
to  the  proper  value  for  the  battery  to  be  charged  and  of 
providing  a  neutral, or  return  path,  for  the  direct  current. 
The  load  current  flows  from  one  end  of  the  secondary 
winding,  through  the  regulating  resistance,  through  one 
pair  of  contacts  which  are  automatically  closed  at  the 
proper  time  and  out  from  the  center  point  of  the  arma- 
ture to  the  battery,  from  which  it  returns  to  the  central 
point,  or  neutral,  of  the  transformer.  During  the  suc- 
ceeding half  cycle,  when  the  voltage  of  the  transformer 
secondary  is  reversed  in  direction,  the  other  pair  of 
contacts  is  closed  and  voltage  is  applied  to  the  battery 
from  the  half  of  the  secondary  previously  idle,  this  volt- 
,-ige  being  in  the  same  direction  as  on  the  previous  half 
cvcle.  The  current  delivered  to  the  battery  is  thus  uni- 
directional and  charges  the  battery  exactly  as  if  direct 
current  from  a  generator  were  supplied. 

\\'hile  the  transformer  performs  a  valuable  service 
in  reducing  the  line  voltage  to  the  required  value  without 
direct  loss,  and  in  thus  maintaining  a  comparatively  high 
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efficiency,  the  element  on  which  the  success  of  the  outfit 
is  based  is  the  vibrating  mechanism.  It  is  the  duty  of 
this  part  of  the  apparatus  to  reverse  connections  in  syn- 
chronism with  the  voltage  and  also  exactly  in  step  with 
the  secondary  voltage  in  such  manner  as  to  open  the 
current  carrying  circuit  at  the  instant  of  zero  current 
and  thus  prevent  sparking  and  injurious  wear  of  the 
contacts. 

Two  small  laminated  iron  magnets,  marked  A.C. 
magnets  in  Fig.  2,  are  connected  in  series  across  one- 
half  of  the  transformer  secondary,  connections  being 
made  so  that  the  corresponding  ends  of  the  magnet  are 
of  the  same  magnetic  polarity.  A  direct-current  mag- 
net, polarized  by  shunt  current  from  the  battery,  is  so 
placed  as  to  bring  its  ends  within  the  effective  field 
areas  of  the  A.C.  magnets.  Since  the  ends  of  the  D.C. 
magnet  are  of  opposite  polarity,  they  are  forced  at  any 
instant  in  opposite  directions  by  the  fields  of  the  A.C. 
magnets  and  one  pair  of  contacts  is  closed.  During  the 
succeeding  half  cycle  the  A.C.  magnets  are  reversed  in 
polarity,   while  the 
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D.C.  magnet  is  not, 
the  impelling  force 
is  reversed,  and  the 
armature  takes 
such  a  position  as 
to  close  the  other 
pair  of  contacts. 
One  side  of  the 
battery  is  thus  con- 
nected alternately 
to  the  opposite 
ends  of  the  second- 
ary of  the  trans- 
former  in  syn- 
chronism with  the 
alternating  voltage, 
while  the  other  side 
is  permanently  con- 
nected to  the  center 
point.  Exact  tim- 
ing to  insure  sparkless  operation,  by  breaking  the  cur- 
rent carrying  circuit  at  the  time  when  the  battery  and 
transformer  voltages  are  equal  and  opposite  and  no  cur- 
rent is  flowing,  is  secured  by  connecting  in  series  with 
the  A.C.  magnets,  a  resistance  which  alters  the  power- 
factor  of  the  current  in  the  magnets  without  affecting 
that  of  the  load  current  in  the  transformer.  This 
change  in  power-factor  translates  in  time  the  impelling 
force,  with  respect  to  the  current  in  the  contacts,  and 
secures  the  result  of  sparkless  operation.  This  phase- 
controlling  resistance  is  made  variable,  in  order  that  the 
outfit  will  be  applicable  on  circuits  of  which  the  wave 
form  is  not  a  true  sine  wave,  and  on  circuits  on  which 
the  voltage  is  not  of  normal  value.  The  condensers  con- 
nected around  the  contacts  reduce  to  a  negligible  amount 
the  unavoidable  slight  sparking,  due  to  fluctuations  in 
the  line  voltage,  variation  in  wave  form  and  change  in 
battery  voltage.    The  regulating  resistance,  which  is  con- 


FIG.   1 — WESTINGHOUSE  VIBRATINX   RECIIKIER 

With  cover  removed,  showing  mechanism  complete. 


nected  in  each  side  of  the  secondary  circuit  between  the 
transformer  and  the  stationary  contact,  is  for  the  pur- 
pose of  giving  the  outfit  high  or  poor  regulation,  in  order 
that  the  change  in  battery  voltage,  as  the  charge  pro- 
gresses, will  make  only  a  small  change  in  the  current 
delivered.  The  standardization  of  lighting  batteries  in 
general  use  has  resulted  in  the  selection  for  the  com- 
mercial form  of  this  apparatus  of  such  transformer 
voltage  and  resistance  value  as  to  make  the  charging 
current  under  normal  conditions  approximately  8.5 
amperes  at  the  start  of  charge  and  6.5  amperes  at  the 
finish. 

The  features  above  mentioned  result  in  an  outfit 
which  can  be  connected  to  an  ordinary  alternating-cur- 
rent lighting  circuit  and  to  a  battery,  without  attention  to 
polarity,  owing  to  the  polarization  of  the  D.C.  magnet 
by  the  battery,  and  which  will  then,  after  a  single  adjust- 
ment of  the  phase-controlling  resistance,  give  a  full 
charge  to  the  ordinary  lighting  battery  without  further 
attention.     The  cost  of  power  for  such  a  charge  at  the 

common  rate  of  10 
cents  per  kw-hr.  is 
roughly  6.5  cents, 
as  compared  to  the 
ordinary  charge  of 
75  cents  to  $1.25 
per  charge  by  a 
public  garage. 

At  first  sight,  it 
would  seem  that 
the  present  almost 
universal  use  of 
charging  g  e  n  e  r  - 
ators  would  com- 
pletely destroy  the 
usefulness  of  this 
form  of  apparatus, 
since  these  recti- 
fiers are  primarily 
for  use  in  charging 
single  batteries.  A 
more  careful  survey  of  the  situation,  however,  reveals 
the  fact  that  there  still  remains  a  considerable  field 
for  these  devices.  In  the  first  place,  there  are  still 
in  use  a  large  number  of  machines  not  equipped  with 
electric  lights,  which  can  be  wired  for  lights  and  sup- 
plied with  a  battery  at  small  cost,  but  for  which  a 
generator  is  prohibitively  expensive.  There  are  also 
machines  equipped  with  lights  to  operate  from  the  mag- 
neto, or  from  a  battery  already  installed,  but  with  which 
there  is  no  generator  equipment.  Lighting  from  a  mag- 
neto is  unsatisfactory  in  some  cases,  and  a  battery  may 
be  cheaply  installed,  while  a  generator  is  comparatively 
expensive.  In  these  cases  the  mechanical  rectifier  fills  a 
real  need  by  decreasing  the  investment  required  to  mod- 
ernize an  old  car,  or  to  add  almost  necessary  conveni- 
ences to  one  incompletely  equipped.  This  field  of  use- 
fulness, while  great  now,  is,  however,  unquestionably 
decreasing  and   will   eventually  become  of   small   com- 
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mercial  importance.  The  permanent  tield,  or  that  which 
grows  with  the  industry,  has  for  its  origin  the  natural 
limitations  to  the  commercial  form  of  charging  gener- 
ators. 

No  automatically  regulated  charging  system  can  be 
made  to  keep  a  battery  charged  under  all  conditions  of 
use.  The  load  on  the  battery  varies  with  the  amount  of 
evening  use,  when  the  lights  are  burned,  and  with  the 
frequency  of  starting  the  engine.  The  input  to  the  bat- 
tery from  the  charging  generator  varies  with  the  amount 
of  running  of  the  car  or  truck  and  with  the  engine  speed. 
Where  the  car  is  used  mostly  in  the  daytime  and  is  fre- 
quently in  use,  the  battery  will  normally  stay  charged. 
When  a  car  is  used  mostly  at  night  and  is  occasionally 
left  standing  with  some  lights  burning,  the  battery  will 
tend  to  discharge  and  will  fail  to  build  up  its  charge 
again,  and  an  occasional  charge  from  an  external  source 
is  necessary.  Further,  all  lead  bat- 
teries require  frequent  overcharges  to 
prevent  decrease  of  capacity  due  to  in- 
complete conversion  of  active  mate- 
rial by  the  normal  charge.  Storage 
battery  manufacturers  are  beginning 
to  recommend  an  occasional  extra 
charge  for  all  lighting  and  starting 
batteries  regardless  of  the  class  of  ser- 
vice and  type  of  charging  equipment. 

The  infrequent  but  necessary 
charges  mentioned  in  the  foregoing, 
which  applies  to  pleasure  vehicles  and 
trucks  in  ordinary  service,  are  fur- 
nished conveniently,  simply  and  eco- 
nomically by  means  of  the  mechancial 
rectifier.  There  are,  morover,  certain 
special  cases  in  which  the  extraordi- 
nary features  of  service  conditions 
eliminate  all  possibility  of  satisfactory 
charging  of  the  batteries  by  engine- 
driven  generators.  The  special  fea- 
tures of  service  which  are  present  in 
these  cases,  and  which  prevent  satis- 
factory charging  by  the  electrical 
equipment  on  the  car,  are  merely  exag- 
gerations of  the  points  mentioned  above,  viz.,  infrequent 
use  and  heavy  battery  drain  during  use.  As  examples  of 
this  class  of  service,  we  may  consider  some  special 
cases  of  service  in  which  these  features  are  most  pro- 
nounced. 

Most  fire  department  regulations  require  a  periodic 
inspection  of  gasoline  engine-driven  equipment,  to  in- 
sure its  availability  for  instant  service,  and  this  inspec- 
tion includes  a  trial  of  the  starting  motor  once  or  twice 
a  day.  Starting  is  usually  repeated  several  times  at  each 
trial,  so  that  there  are  from  two  to  ten  starts  made  per 
day  with  this  equipment,  which  makes  no  inconsiderable 
drain  on  the  battery.  On  the  other  hand,  the  service 
which  the  truck  performs  is  such  as  to  afford  little,  if 
any,  opportunity   for  charging   from   an   engine-driven 
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generator,  for,  though  the  speed  is  high  and  fairly  con- 
stant, the  runs  are  short  and  infrequent,  and  many  times, 
on  night  runs,  the  powerful  lights  are  all  in  use  and  are 
making  a  further  heavy  drain  on  the  battery.  For  this 
service  it  is  hopeless  to  attempt  to  keep  a  battery  in 
condition  by  means  of  the  normal  equipment  of  a  gener- 
ator, driven  by  the  engine,  and  the  only  solution  is  the 
use  of  a  separate  charging  equipment  and  preferably, 
owing  to  the  prohibition  of  all  delays,  two  batteries — 
one  of  which  is  kept  in  the  machine,  charged  and  ready 
for  immediate  use  at  all  times. 

Another  and  somewhat  different  example  of  unusual 
service  is  the  gasoline  engine-driven  hearse.  The  service 
rendered  by  an  undertaker  is  such  as  to  make  the  use  of 
the  car  irregular  and,  since  the  battery  charge  will  de- 
crease in  periods  of  idleness,  separate  charging  becomes 
necessary.  In  this  case,  and  in  other  similar  ones,  there 
is  no  necessity  of  the  readiness  for  in- 
stant service,  which  is  a  prime  requi- 
site in  the  case  of  a  fire  truck,  and  a 
single  battery  charged  periodically 
from  an  outside  source  fills  the  re- 
quirements. 

The  same  features  of  special  oper- 
ation, except  applied  to  cycles  of  long 
duration,  introduce  a  further  compara- 
tively wide  field  of  application.  In  the 
sections  of  the  country  where  winters 
are  severe,  many  people  store  their 
machines  from  fall  to  spring  in  pref- 
erence to  paying  the  higher  operating 
and  upkeep  expenses  and  risking 
frozen  radiators.  Lead  storage  bat- 
teries, unless  taken  apart  and  stored 
and  reassembled  in  the  spring,  must  be 
cared  for  during  this  period  of  inac- 
tivity by  occasional  charging.  While 
this  service  can  be  secured  from  gar- 
ages, many  prefer  to  do  this  work  at 
home,  especially  as  the  same  invest- 
ment makes  them  more  independent 
of  public  garages  during  the  months 
of  active  service  of  the  car. 
Assuming  the  ordinary  touring  car,  roadster  or  truck 
to  be  the  normal  machine  for  which,  when  normally 
operated,  all  requirements  of  charging  are  filled  by  a 
charging  generator  driven  from  the  engine,  the  extreme 
case  of  special  service  is  exemplified  by  a  fire  truck  to 
suit  the  requirements  of  which  it  is  quite  impossible  to 
furnish  an  accessory  generator.  Between  these  two  ex- 
tremes are  many  classes  of  service,  the  special  features 
of  which  vary  in  degree.  Upon  this  degree  of  variation 
from  normal  depends  the  frequency  with  which  charg- 
ing from  an  outside  source  is  necessary,  and  upon  this 
frequency,  together  with  other  conditions  such  as  the 
cost  and  convenience  of  buying  these  charges  from  a 
]5ublic  garage,  depends  the  demand  for  the  mechanical 
rectifier. 


diagram  of  connkctioxs  of 
:tifier  shown  in  fig.  i 


Electric  Passenger  Cars 

Gaii,  Reed 

General   Sales  Manager,  Passenger  Car  Division, 

Walker  Vehicle  Company 

THE  ORIGIN  of  the  battery  vehicle  dates  back  many  years,  but  the  first  developments  of  the  electric 
passenger  car  on  which  information  to  any  extent  is  available  dates  from  the  year  1892.  The  first  cars  were 
crudely  constructed  and  represented  merely  experimental  steps,  with  little  attempt  to  gain  efficiency  or  silent 
operation.  This  initial  experimental  stage  continued  to  the  year  1898,  when  several  foresightcd  engineers 
undertook  the  developing  of  passenger  vehicles  on  a  commercial  basis. 


THE  first  electric  passenger  cars  can  be  described 
best  as  a  combination  of  carriage  building  with 
street  car  construction.  The  rear  axle  had  the 
wheels  solidily  fixed  to  it,  and  revolving  as  a  whole. 
The  motor  was  suspended  from  and  geared  to  this  re- 
volving axle.  A  combination  of  this  construction  was 
brought  out  in  several  models,  first,  in  a  light  runabout 
using  a  revolving  axle  with  the  motor  suspended  and 
geared  the  same  as  on  street  car  construction,  and  later, 
a  combination  of  this  construction,  viz.,  a  solid  rear  a.xle 
with  two  motors  bolted  on,  with  one  geared  to  each  rear 
wheel.  This  construction  proved  very  efficient,  but  as 
time  went  on  it  was  found  necessary  to  greatly 
strengthen  the  different  parts  in  order  to  afford  the  re- 
quired stand-up  qualities  under  service.  It  was  impos- 
sible, however,  to  gain  silent  operation  from  this  con- 
struction. 

On  January  i,  1900,  an  automobile  parade  was  held 
in  Cleveland,  Ohio,  which  was  probably  the  first  parade 
in  automobile  history  in  which  electric  passanger  cars 
took  part.  The  day  was  very  cold,  and  on  that  account 
the  Locomobile  steamer  and  the  Winton  experienced 
considerable  trouble,  while  the  electrics  gave  a  beautiful 
exhibition.  Thus  the  initial  public  performance  of  the 
electric  vehicle  clearly  demonstrated  a  most  important 
characteristic  which  has  always  remained  the  electric's 
very  own — dependability. 

In  1904  the  early  chain  drive  models  appeared — one 
make  having  a  runabout  body  equipped  with  a  single 
chain  drive  to  a  revolving  rear  axle  operated  on  pneu- 
matic tires.  Another  manufacturer  brought  out  a  double 
side  chain  driven  car  operating  on  solid  tires.  The  engi- 
neer responsible  for  the  side  chain  driven  car  also 
brought  out  at  this  time  a  shaft  drive  car,  which  was.  so 
far  as  is  known,  the  first  electric  shaft  drive  car.  This 
model  was  constructed  with  a  slow-speed  motor,  con- 
nected through  a  double  universal  jointed  propeller 
shaft  to  the  rear  axle,  without  chain  or  gear  reduction, 
except  the  ordinary  bevel  gear  reduction  in  the  rear 
axle.  The  principles  of  this  first  shaft  drive  model  laid 
down  15  years  ago  formed  the  basis  of  construction  that 
is  generally  acknowledged  today  as  the  foremost  stand- 
ard of  construction  in  the  modern  electric  passenger  car. 

The  success  of  these  cars  was  by  this  time  attracting 


others  to  the  commercial  possibilities  of  the  electric  ve- 
hicle, and  several  additional  concerns  took  up  the  manu- 
facture of  passenger  vehicles.  The  battery  equipment 
varied  from  10  to  40  cells  and  chain  drive  was  used, 
with  the  exception  of  the  one  model  already  mentioned. 
Nearly  all  cars  were  built  to  use  pneumatic  tires  and 
small  batteries.  From  this  period  on  to  1908  many 
experimental  stages  were  passed  through,  the  cars  being 
turned  out  in  moderate  quantities  and  operating  with 
considerable  success. 

In  1908  and  1909  the  industry  made  its  greatest 
gains.  The  chain  drive  construction  gave  way  to  the 
shaft  drive,  with  its  attendant  simplicity  and  silence. 
During  the  experimental  years  the  vehicle  manufac- 
turers were  not  alone  in  working  out  their  problems, 
but  the  many  allied  interests  were  giving  their  full 
quota  of  time  and  study  to  the  development  work ;  par- 
ticularly was  this  true  of  the  manufacturers  of  motors, 
Ijatteries,  tires,  bodies  and  electrical  equipiuent. 

In  1910  and  191 1  the  manufacturers  of  electric  pas- 
senger cars  first  came  to  realize  the  advantages  to  be 
gained  through  co-operation  with  these  same  experts — 
the  parts  specialists — not  only  with  respect  to  produc- 
tion facilities,  but  particularly  from  the  standpoint  of 
efficient  standardization.  The  demand  had  outgrown 
the  facilities  and,  in  spite  of  the  rapid  increase  in  the 
business  as  a  whole,  no  material  gain  had  been  made  in 
raising  the  manufacturing  efficiency  or  in  commensu- 
rately  lowering  production  costs.  For  that  reason  the 
prices  on  electric  passenger  cars  remained  where  they 
started,  while  the  manufacturers  of  gas  cars  were 
making  tremendous  strides  through  proper  factory  or- 
ganization and  parts  specialists  construction — both  fac- 
tors leading  toward  reasonable  standardization  and  a 
consequent  lowering  of  prices. 

By  1912  the  electric  passenger  car  manufacturers 
were  forced  to  admit  that,  in  order  to  keep  up  the  pace, 
ii  would  be  imperative  that  they  standardize  and  take 
into  full  consideration  the  manufacturing  methods 
already  adopted  by  their  gas  car  brethren.  The  follow- 
ing demands  had  crystallized  from  their  previous  ef- 
forts : — First,  the  demand  for  solid  rubber  tires  (the  use 
of  which  was  confined  exclusively  to  the  electric  on  ac- 
count of  its  structural  simplicity),  which  one  engineer 
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had  used  for  12  years.  He  proved  conclusively  that  it  was 
feasible  and  practical  to  operate  the  electric  vehicle  on 
solid  tires  provided  the  proper  construction  was  used. 
The  next  demand  was  for  a  greater  radius  of  action  and 
increased  speed.  This  brought  the  leading  manufac- 
turers, who  had  used  from  20  to  24,  28,  36  and  38  cell 
equipments,  to  a  general  use  of  not  less  than  40  cells. 
Another  demand  was  body  construction  affording 
greater  passenger  capacity,  which  brought  out  the  wide 
rear  seats,  affording  ample  room  for  three  persons,  with 
extra  revolving  seats  for  two  additional  passengers. 
The  fourth  major  demand  was  a  control  equipment  that 
simplified  the  operation  of  the  car  and  provided  safe- 
guards against  improper  handling.  The  steps  em- 
ployed in  perfecting  the  vehicles  to  meet  these  demands, 
as  well  as  the  many  additional  requirements  that  have 
since  developed,  brings  us  to  the  modern  construction 
used  in  the  electric  passenger  car  of  today. 

PRESENT  TYPES  OF  CONSTRUCTION 

The  following  description  of  the  present  electric 
passenger  car  construction  has  been  prepared  to  apply 
as  nearly  as  possible  to  the  average  general  construction 
adopted  by  the  leading  manufacturers.  The  electric  pas- 
senger vehicle  has  been,  to  a  large  extent,  responsible 
for  the  high  degree  of  perfection  attained  in  the  heat 
treatment  of  steel,  for  it  was  on  electric  vehicles  that 
heat-treated  steel  was  first  used  in  automobile  construc- 
tion. This  was  due  primarily  to  those  cars  using  solid 
tires,  a  practice  which  necessitated  the  development  of 
better  materials  throughout  in  order  to  withstand  and 
absorb  increased  vibrations.  The  general  mechanical 
construction  of  the  cars  today  employs,  to  a  great  extent, 
the  use  of  heat-treated  special  formula  steel. 

CHASSIS    FRAME 

The  steel  frame  is  built  up  into  an  extremely  rigid 
unit ;  with  scientific  distribution  of  metal,  using  an  aver- 
age of  from  six  to  eight  cross  channel  reinforcements, 
integrally  gusseted,  completing  a  rigid  foundation  of  ex- 
treme strength,  particularly  adapted  to  the  use  of  solid 
rubber  tires.  The  frames  are  now  being  constructed  to 
make  it  unnecessary  to  lift  the  batteries  over  obstructing 
end  channels  in  removing,  and  the  front  ends  are  nar- 
rowed to  permit  an  extremely  short  turning  radius. 


Practically  all  cars  now  use  the  I-beam  type  of  front 
axle  and  a  one-piece  steel  housing  type  of  rear  axle. 

BEARINGS 

Timken  roller  bearings  are  being  favored  as  the 
proper  bearing  mountings  for  axles  and  wheels.  S.K.F. 
self-aligning  ball  bearings  are  fast  gaining  favor  for  use 
in  the  steering  parts. 

MOTOR 

The  slow-speed  type  of  motor  has  been  adopted  by 
the  majority  of  manufacturers.  In  general,  this  motor 
conforms   to  the   following  specifications: — 800  to   Qoo 


r.p.m.  at  80  volts  and  28  amperes,  4  pole  series  type,  un- 
saturated, generally  designed  so  the  frame  will  take  two 
windings — 60  or  80  volts — to  be  used  principally  with  60 
cell  Edison  or  40  cell  lead  batteries,  respectively.  These 
windings  are  proportioned  so  they  deliver  equal  horse- 
power at  their  respective  ratings  ;  in  other  words,  the  two 
windings  are  proportioned  so  that  they  have  equal  watt 
ratings  at  the  same  torque  and  the  same  speed.  This 
construction  facilitates  the  changing  of  the  motor  from 
one  type  of  battery  to  the  other  without  change  in  the 
motor  suspension  or  mechanical  transmission  system. 

The  motors  are  designed  so  as  to  secure  strength 
with  a  simple  arrangement  of  few  parts.  Considering 
the  service  that  is  demanded  from  the  modern  electric 
passenger  car,  it  is  remarkable  how  little  attention  these 
motors  require.  While  most  vehicle  motors  are  period- 
ically inspected,  it  is  known  that  many  have  covered 
from  eight  months  to  over  a  year's  continuous  service 
without  attention  of  any  sort.  Such  attention  as  is  nec- 
essary is  generally  confined  to  renewing  of  worn  brushes 
and  replenishing  the  bearing  lubricant.  The  motors  are 
proportioned  so  as  to  commutate  sparklessly  and  main- 
tain a  high  polish  on  the  commutator,  even  when  oper- 
ating under  the  severe  service  required  in  hilly  towns  or 
adverse  weather  and  road  conditions,  where  the  motors 
are  required  to  commutate  from  five  to  six  and  even 
more  times  the  normal  rated  current. 

The  majority  of  manufacturers  have  found  it  nec- 
essary to  install,  in  general,  heavier  windings  than  would 
be  normally  required,  in  order  that  all  hill  conditions  can 
be  satisfactorily  met.  The  wide-awake  manufacturers 
will  meet  these  requirements  more  efficiently  in  the  near 
future  by  using  standard  motor  frames  with  difterent 
windings  to  meet  the  various  duties. 

The  ordinary  performance  specifications  as  to  tem- 
perature runs  as  follows: — After  a  continuous  run  (for 
four  hours)  at  the  specified  voltage  and  current,  no  part 
of  the  windings  will  exceed  a  temperature  of  50  degrees 
C.  above  the  surrounding  air.  Test  to  be  made  on  stand 
with  motor  covers  removed.  Tempemiures  are  to  be 
measured  by  thermometer.  All  motorfisore  mounted  on 
ball  bearings.  The  bearing  housings  constructed  so  the 
lubricant  cannot  work  into  the  motors  and  are  designed 
to  catch  any  oil  that  may  work  by  the  barriers.  The 
range  of  weight  of  motors  in  this  service  runs  from 
-35  to  300  pounds.  When  full  consideration  is  given 
the  duty  these  motors  are  called  upon  to  perform,  viz., 
to  drive  a  vehicle  weighing  without  occupants  an  aver- 
age of  3600  to  4000  pounds  at  a  rate  of  20  to  22  miles 
per  hour,  their  extreme  high  efficiency  is  remarkable,  a 
characteristic  which  is  especially  pronounced  when  oper- 
ating under  extreme  overload. 

Operating  data  taken  from  a  late  model  electric  pas- 
senger car  is  given  in  Table  I.  This  car  had  been  in 
continuous  service  and  received  no  special  tuning  up. 
This  particular  test  is  one  of  many  similar  records  that 
have  made  equally  as  favorable  a  showing.  It  \A\\  be 
seen  that  the  vehicle  motor  development  brought  about 
by  the  modern  electric  passenger  car  has  reached  a  verv 
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high  stage  of  perfection.  Practically  all  motors  are 
mounted  on  a  substantial  sub- frame  in  the  center  of  the 
chassis.  In  this  position  they  are  well  protected  from 
direct  road  shocks. 

TRANSMISSION 

The  power  is  transmitted  through  a  double  universal- 
jointed  propeller  shaft  to  the  rear  axle  through  one  set 
of  worm  bevel  gears.  The  worm  bevel  or  spiral  bevel 
gear  is  given  the  preference  over  the  worm  as  standard 
equipment  for  the  following  reasons : — In  the  first  place, 
practice  has  proven  that  it  will  give  considerable  higher 
average  efficiency.  The  recent  announcements  of  sev- 
eral leading  manufacturers  show  that  they  are  adopting 
this  type  of  gear  in  preference  to  the  worm.  While  the 
characteristics  of  both  gears  are  practically  the  same  as 
to  silent  operation,  the  higher  efficiency  of  the  worm 
bevel  alone  is  ample  reason  for  its  preference,  particu- 
larly on  the  electric. 

The  rear  axle  is  held  in  alignment  by  the  lower 
halves  of  the  rear  springs,  and  the  torque  stress  is  taken 
up  by  a  torsion  rod,  which  is  fastened  permanently  to 
the  rear  axle,  with  the  exception  of  being  free  to  move 
at  right  angles  to  the  plane  of  the  torque.  The  front  end 
of  this  torsion  rod  is  suspended  between  two  coil  springs. 

T.\BLE  I OPERATING  DATA 


Speed 

Weight 

Power 

Per  Ton-Mile 

Cont'ler  speed 

Car 

Pas. 

Volts 

Amps. 

Watts 

Watts 

Rate 

Cost 

Jd       Smiles! 
3d     1 2  miles. 
4th    l8  miles. 
5th    22  miles 

367s 
367s 
367s 
367s 
367s 

325 
32s 
32s 
32s 

32s 

40 
40 
80 
80 
80 

8 

2S 

35 

320 
400 
1600 

2800 

32 
as 
66 
SS 
64 

Sc 
so 
sc 
so 

so 

$0.00x6 
0  0012s 
0.0033 

0  032 

which  serves  to  remove  some  of  the  stress  from  the  rod 
and  to  eliminate  noise.  In  order  to  permit  two  points 
of  contact  on  the  rear  axle  and  consequent  greater 
strength  of  leverage  the  torsion  rod  is  of  the  "V"  shape 
design. 

CONTROLLER 

The  tendent  c  ■>i  the  majority  of  electric  passenger 
cars  today  is  to  locate  the  controller  as  close  to  the 
motor  as  frame  construction  will  permit,  thus  materi- 
ally cutting  down  the  length  of  the  wiring  and  making 
the  controller  and  motor  both  accessible  from  the  same 
inspection  door.  The  five-speed  forward  and  reverse 
drum-type  controller  is  used  by  practically  all  electric 
vehicle  manufacturers.  Some  engineers  prefer  to  have 
the  batteries  connected  in  series  on  all  speeds,  but  the 
series-parallel  connection  with  the  elimination  of  resist- 
ance speeds  is  now  the  most  widely  used  form.  The  best 
practice  incorporates  a  bridging  coil  between  second  and 
third  speeds  to  eliminate  the  shock  and  usual  arc,  due  to 
changing  from  40  to  80  volts.  The  best  construction 
is  to  use  wiring  no  smaller  than  No.  4  for  the  main  cir- 
cuits. 

The  old  practice  of  using  the  knife  switch  for  revers- 
ing has  been  discarded  for  the  more  general  use  of  the 
separate,  or  reversing  drum,  which  may  or  may  not  be 


on  the  main  controller  shaft.  Although  the  action  of 
reversing  on  the  controller  proper  is  uniform  on  all 
makes  of  electric  vehicles,  the  method  of  throwing  the 
reversing  drum  is  essentially  difi'erent.  On  the  Chicago 
Electric,  the  reversing  drum  is  not  operated  on  the  main 
controller  shaft,  but  is  independent  of  the  main  con- 
troller drum  and  a  foot  pedal  or  floor  push  located  near 
the  floor  on  the  heel  board  is  used  for  throwing  this 
drum.  On  other  makes  of  electric  passenger  cars  the 
reverser  control  is  incorporated  in  the  controller  handle, 
on  a  separate  lever,  and  sometimes  even  on  the  brake 
pedal  itself. 

There  is  used  in  connection  with  the  main  controller 
drum  on  the  Chicago  Electric  a  simple  mechanical  de- 
vice that  governs  the  operation  of  the  reversing  drum, 
whose  use  makes  it  possible  to  cut  off  all  power  with- 
out moving  the  controller  handle  and  renders  it  impos- 
sible to  throw  the  reverse  drum  while  the  car  is  in 
motion  or  while  the  controller  is  in  speed  position.  The 
majority  of  electric  passenger  cars  incorporate  what  is 
termed  an  electric  cut-out  in  connection  with  the  foot 
brake,  which  is  generally  arranged  to  operate  through 
the  reverse  drum  in  the  controller.  When  the  foot  brake 
is  set  the  reverse  drum  is  automatically  thrown  to  a 
neutral  position,  thus  cutting  all  connection  between  the 
controller  and  the  motor.  This  safety  feature  makes  it 
impossible  to  set  the  brakes  without  cutting  ofT  the 
power.  Likewise  it  is  impossible  to  apply  power  or 
start  the  car  until  the  brakes  are  released. 

Several  other  improvements  are  now  incorporated  in 
the  controller  proper,  viz.,  a  magnetic  blow-out  to  elimi- 
nate or  take  up  as  much  of  the  arcing  as  possible  and  a 
self-lubricating  wipe  system  for  the  contacts.  All  con- 
trollers are  protected  from  dirt  and  dust  by  metal 
housings. 

OPERATION 

With  a  few  exceptions,  all  electric  passenger  cars  are 
now  operated  by  the  horizontal  control  lever.  Most  of 
the  manufacturers  are  now  operating  a  mechanical  or 
electrical  motor  brake  through  this  same  control  lever  so 
that  all  power  is  applied,  cut  off  and  the  brakes  oper- 
ated through  the  one  lever  and  the  entire  system  secured 
by  a  Yale  lock  upon  leaving  the  car.  In  addition  to  the 
hand  brake,  all  cars  are  equipped  with  dependable  foot 
brakes  operating  on  both  rear  hubs. 

A  study  of  the  general  construction  shows  that  the 
electric  passenger  car  is  making  very  good  progress 
toward  standardization.  Outside  of  minor  refinements, 
the  general  construction  of  all  leading  makes  have  re- 
mained basically  the  same  for  the  past  three  years.  The 
engineering  has  been  devoted  to  improved  efficiency 
throughout,  increased  accessibility  of  all  parts  and 
better  lubrication. 

MAINTENANCE   DATA 

The  data  on  actual  operating  costs  given  in  Table  II 
has  been  carefully  compiled  by  a  leading  manufacturer. 
The  figures  are  not  based  on  ideal  cases,  but  give  as  fair 
a  general  average  as  can  be  compiled  on  the  total  main- 
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tenance  of  the  electric  passenger  car  of  today.  The 
following  notes  will  serve  as  a  guide  on  the  basis  for 
many  of  the  figures  given : — 

/HjuroHcc— Includes  full  coverage  on  public  personal  in- 
jury, property  damage,  damage  to  car,  fire  and  theft. 

Tirej— Figured  on  basis  of  using  Firestone  Special  Electric, 
36  by  4^  inches,  guaranteed  for  10  000  miles. 

Paint — Complete  burn-oflf. 

Overhaul — Figures  obtained  from  service  records,  where 
all  viov'k  is  done  on  cars. 

Garage — Thirty-five  dollars  per  month,  which  covers  charg- 
ing, washing,  polishing,  deliveries  and  storage. 

Batteries — Complete  renewal,  carrying  guarantee  of  12000 
miles.  Including  wash  job  and  incidental  repairs.  On  rental 
batteries,  charge  of  $16  per  month. 


TABLE    II— MAINTENANCE    OF 

ELECTRIC 

CARS 

WHEN  KEPT  IN  A  PUBLIC  GARAGE 

Based  on  12  000  Miles  Per  Year. 

Electric 

Extra  Cost 
of  Gas  Car 

$  135 -00 
250.32 
125.00 
420.00 
75-00 
350  00 

II 
100 

20 
-29* 
366 

27 

Tires 

Paint 

Garage 

Overhaiil,  etc 

Batteries  and  battery  incidentals 

Total 

Si.^s.s-.^2 

WITH  RENTAL  BATTERIES 

Batteries 

%  192.00 

37 
44 

$1197-32 

WHEN  KEPT  IN  PRIVATE  GARAGE 
While  no  allowance  has  been  made  for  cost  of  space  or 
rent,  and  such  items  as  flushing,  washing  and  polishing,  it  is 
only    fair   to    state   that   these   items    should    be    considered 
under  private  garage,  for  all  these  items  are  included  in  cost 
under  public  garage. 

Electric 

Extra  Cost 
of  Gas  Car 

$   135-00 
250.32 
125.00 
75-00 
350.00 
144.00 

II 
100 

20 
366 

32 

Tires 

Paint                      

Total 

$1079.32 

WITH  RENTAL  BATTERIES 

$  192.00 
I921-32 

55 

Total 

(Current  based  on  flat  rate  of  0.055 

WHEN  KEPT  IN  A  PRIVATE  GARAGE 

Based  on  6000  Miles  Per  Year. 

Total 

I669 . 66 

,0 

*pifference  in  favor  of  gas  car.  This  includes  the  cost  of 
charging  the  electric  car,  but  does  not  cover  gasoline  or  oil  for 
the  gas  car. 

Note:— For  those  who  want  comparative  percentages  of 
gas  cars  with  electrics,  a  column  entitled  "Saving  in  percent 
over  gas  cars"  has  been  added.  The  figures  upon  which  the 
gas  car  percentages  are  figured  were  obtained  from  various  re- 
pair shops,  garages  and  private  owners  and  represent  a  fair 
general  average.  As  in  the  case  of  the  data  on  electrics,  liberal 
allowances  have  been  made,  as,  for  example,  on  paint,  where 
figures  are  based  not  on  an  ordinary  revarnish  or  $75  paint  job, 
but  on  the  best  job  procurable,  viz.,  a  complete  burn-oiif. 


Inasmuch  as  a  chauffeur  is  necessary  with  the  majority  of 
gas  cars  to  give  the  same  full  service  as  an  electric,  the  follow- 
ing figures  apply.  Both  cars  kept  in  public  garage  and  gas  car 
run  by  chauffeur,  using  same  figures  as  before  on  other  items. 

Extra  Cost 
of  Gas  Car 
Total  upkeep  for  electric $'355  - 32  116 

WITH  RENTAL  BATTERY. 

Total  upkeep 1 197-32  144 

Both  cars  kept  in  private  garage  and  gas  car  run  by  chauf- 
feur :— 

Total  upkeep $1079.32  143 

WITH  RENTAL  BATTERY. 
Total  upkeep 921 .32  185 

TABLE  III— COST  OF  OPERATING  ELECTRIC 
CAR  ON  COST-PER-MILE  BASIS 


Garage- Private. 
Battery  Bought. 

600Q  Miles 
per  annum 

12  000  Miles 
per  annum 

Tires                       

So . 02086 
0.00625 
0.0291 
0.012 

$0 . 02086 
0.00625 
0.0291 
0.012 

Total          

$0.06821 

$0.06821 

$0,032 

S0.016 

Total           

$0.07111 

$0.05511 

Garage-Public. 

So. 029 I 

$0.0291 
$0 . 09 1 2 1 

Total 

$0.12621 

W  th  Rental  Battery 

$0 . 032 

S0.016 

Total               

$0. 12911 

$0.07811 

LEAD    BATTERIES 

The  Standard  lead  battery  equipment  is  42  cells  of 
II,  13  or  15  high-capacity  plates  per  cell.  The  tendency 
seems  to  favor  the  use  of  thinner  plates  and  more  of 
them;  15  plates  are  furnished  as  standard  more  fre- 
quently than  any  lesser  number.  This  equipment  will 
give  180  ampere-hours,  and  in  most  cases  develops  a 
full  200.  There  are  two  reasons  for  the  adoption  of  the 
thin-plate  lead  battery: — i, — the  growing  demand  for 
increased  speed  and  mileage;  2, — the  discovery  on  the 
manufacturers'  part  that  the  life  of  the  thin-plate  battery 
is  equal  in  every  respect  to  that  of  the  heavier  plates. 
One  standard  size  of  jar  is  now  being  used  that  will 
take  from  11  to  15  plates.  The  high-ribbed  type  of  jar 
is  used,  having  at  least  a  three-inch  sediment  space, 
which  eliminates  frequent  battery  washing.  The  assem- 
bly of  jars  in  trays  is  side  to  side  with  a  single  row  per 
tray,  with  the  surface  of  the  plates  set  at  right  angles  to 
the  direction  of  motion  and  the  trays  set  in  the  battery 
compartments  lengthwise.  This  arrangement  is  favored 
on  account  of  its  compactness  and  accessibility  and  re- 
duction of  jar  breakages. 

Much  credit  is  due  the  standardization  committee  of 
the  Electric  Vehicle  Association  of  America,  especially 
the  committee  on  standards  of  the  Chicago  Section,  for 
the  excellent  work  that  has  been  done  toward  battery 
standardization.  While  the  lead  battery  as  a  whole  still 
remains  in  a  rather  unsatisfactory  position  with  regard 
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to  standards,  a  very  good  start  has  been  made  in  the 
right  direction.  The  car  manufacturers  reahze  the  im- 
portance of  reducing  the  multipHcity  of  battery  specifi- 
cations and  will  keep  fully  in  mind  the  proper  modifica- 
tions necessary  on  all  future  designs  to  bringing  about  a 
reasonable  and  efiicient  battery  standard. 

Battery  standardization  leads  to  one  of  the  most 
important  of  recent  electric  vehicle  developments.  A 
move  that  promises  great  possiblities  toward  expanding 
the  range  and  use  of  electric  vehicles,  viz.,  "The  Battery 
Service  System"  or  "Battery  Rental  System."  While 
this  development  is  not  altogether  new,  more  attention 
has  been  given  its  operation  in  the  last  three  months  than 
ever  before.  Several  plans,  differing  in  many  details 
but  similar  in  principle,  have  been  placed  in  active  opera- 
tion in  different  parts  of  the  country.  So  far  but  one 
passenger  car  manufacturer  has  openly  espoused  the 
battery  service  system,  and  in  this  case  it  is  restricted 
to  the  Chicago  territory  proper,  the  other  battery  service 
systems  being  confined  to  commercial  electric  cars.  This 
battery  service  plan  is  in  brief  as  follows : — The  electric 
vehicle  is  sold  originally  without  battery,  the  battery  cost 
being  deducted  from  the  original  selling  price.  The 
purchaser  contracts  for  the  battery  service,  which  covers 
the  proper  capacity  battery,  at  a  stipulated  monthly  cost. 
This  flat  rate  covers  all  maintenance  and  repairs  an  1 
guarantees  at  all  times  80  percent  of  the  battery's  fu'l 
rated  capacity  when  properly  charged.  If  repairing  is 
necessary  a  new  battery  is  installed.  Two  months  out 
of  each  year  is  allowed  for  such  time  as  the  car  may  be 
taken  out  of  service,  for  which  period  no  charge  is 
made.  The  car  owner  assumes  all  responsibility  for  fire, 
theft  and  accident.  For  example,  a  40  cell,  11  plate  bat- 
tery is  furnished  for  $16  per  month.  A  payment  of  $25 
additional  is  required  the  first  month  if  no  old  battery 
is  turned  in.  This  gives  a  total  of  $217  for  first  year, 
if  in  service  the  full  twelve  months.  If  out  of  service 
two  months,  which  is  customary  with  most  cars,  due  to 
vacations  or  other  reasons,  $32  is  deducted  from  the 
total,  leaving  $185  for  the  first  year's  full  service. 
Thereafter  annual  service  would  cost  $192  for  twelve 
months,  or  $160  after  deducting  the  usual  two  months 
out  of  service.  A  service  of  this  nature  assures  a  fixed 
low  battery  maintenance ;  a  lower  initial  investment ; 
continual  maximum  capacity,  which  will  increase  the 
range  of  action  very  materially ;  minimum  loss  from 
delays,  and  an  important  reduction  in  charging  losses 
due  to  the  battery  being  in  most  efficient  condition  at  all 
times.  The  manufacturer  who  inaugurated  this  system 
in  Chicago  claims  a  very  material  increase  in  sales  and 
a  lively  interest  on  the  buying  public's  part  in  such  a 
service. 

That  a  battery  service  system  on  similar  lines  can  be 
established  for  general  use  is  entirely  feasible  and  prac- 


tical. When  that  time  arrives  the  electric  vehicle  will 
really  come  into  its  own,  but  before  such  a  system  can 
be  extended  on  any  but  a  very  limited  scale  it  will  be 
necessary  for  the  manufacturers  to  standardize  the  bat- 
tery compartments,  distribution  of  cells,  and  jar  sizes. 

EDISON    BATTERIES 

Recent  developments  in  the  Edison  alkaline  storage 
hatiery  hold  forth  great  possibilities  for  the  electric  pas- 
senger car.  Edison  batteries  have  developed  a  great 
held  among  the  electric  commercial  cars,  their  installa- 
tions for  this  work  showing  a  very  pronounced  increase. 
The  electric  passenger  car  requirements  differ  in  some 
respects,  and  to  best  meet  these  demands  the  new  "G" 
type  of  Edison  cell  has  been  recently  developed  for  elec- 
tric passenger  car  service.  The  standard  Edison  equip- 
ment is  60  "G-7"  type  cells,  which  gives  a  normal  rating 
of  175  ampere-hours  and  develops  an  average  of  2.25. 
In  addition  to  the  general  advantages  of  the  Edison  cell, 
the  following  improvements  are  offered  in  the  new  "G" 
type  cell : — The  internal  resistance  has  been  cut  down 
ajiproximately  50  percent.  For  that  reason  the  "G" 
type  is  considerably  less  affected  by  temperature  changes, 
in  addition  to  permitting  a  considerable  lower  average 
rate  of  charge. 

SUMMARY 

A  review  and  analysis  of  the  late  electric  passenger 
car  clearly  indicates  that  the  experimental  stage  is  long 
past ;  the  old  carriage  idea,  the  woman's  toy.,  etc.,  has 
grown  into  a  scientifically  designed  electrical  and  me- 
chanical masterpiece.  The  most  careful  attention  that 
modern  engineering  science  can  give  has  developed  a 
car  that  meets  most  completely  all  the  requirements  of 
the  finest  motor  car,  with  greatest  economy,  efificiency 
and  comfort. 

Safety  is  synonymous  with  the  electric  car,  and 
ingenious  engineering  has  developed  the  safety  factor 
on  the  modern  electric  to  the  highest  degree.  The  elec- 
tric car  has  won  first  position  in  the  public's  esteem  for 
ultra  refinement,  serviceability  and  economy.  Approxi- 
mately thirty-five  thousand  electric  passenger  cars  are 
operated  in  the  United  States  today. 

Haphazard  manufacturing  methods  have  disap- 
peared before  highly  efficient,  specialized  production. 
Standardization  and  specialization  have  been  responsi- 
ble for  the  reduction  in  price,  averaging  nearly  25  per- 
cent in  the  past  two  years.  At  the  same  time  the  quality 
of  the  cars  in  design,  material,  workmanship  and  refine- 
ments has  risen  at  least  a  like  percentage. 

It  is  most  reasonable  to  assume  that  this  combination 
of  important  factors  will  bring  a  much  more  rapid  ex- 
pansion in  the  electric  car  industry  which  should  double 
the  number  of  electric  passenger  cars  in  operation  in  the 
next  five  vears. 


Operating  Characteristics  of  Lead  Acid 
Storage  Batteries 

J.  H.  Tracy 

Assistant  Chief  Engineer, 

The  Electric  Storage  Battery  Company 

TO  THE  USER  of  lead  acid  storage  batteries  in  self-propelled  vehicles,  the  steady  improvement  of  recent  years 
is  hardly  noticeable  to  the  eye,  although  there  has  been  an  increase  in  the  watt-hour  capacity  of  the  battery 
per  unit  of  space  and  weight,  and  also  in  the  serviceable  life  of  the  battery.  There  has  also  been  a  marked 
advance  in  the  permissible  rates  of  charge  and  discharge,  which  has  added  so  much  to  the  flexibility  of  oper- 
ation as  to  permit  the  use  of  much  smaller  batteries  than  would  have  been  considered  a  few  years  ago  in  the 
same  service.  The  following  article  explains  the  permissible  rates  of  discharge  and  the  behavior  of  batteries 
under  operating  conditions  which  a  few  years  ago  were  considered  prohibitive. 


IT  CAN  be  safely  said  that  high  rates  of  discharge  are 
in  no  way  detrimental  to  modern  lead  battery  plates. 
Batteries  of  the  vehicle  type  are  in  regular  operation 
under  conditions  in  which  practically  all  their  work  is 
done  at  rates  which  would  empty  the  battery  in  ten  min- 
utes, and  the  same  batteries  would  be  sold  to  operate  at 
the  three-minute  rate  if  there  were  a  commercial  de- 
mand for  such  operation.  For  such  high  rates  of  dis- 
charge, extra  heavy  terminals  are  provided  to  carry  the 
current,  no  other  changes  being  required. 

It  is  well  known  that  when  discharged  continuously 
at  a  constant  rate,  the  available  ampere-hour  capacity 
of  a  battery  is  a  function  of  the  rate  of  discharge,  the 
available  capacity  being  lower  at  the  higher  rates.  This 
reduction  in  available  capacity  at  the  higher  rates  of 
discharge  is  due  to  depletion  of  the  acid  in  the  pores  of 
the  plates.  The  rate  of  this  depletion  is  the  difiference 
between  the  rate  of  absorption  by  the  plates  of  the  acid 
that  is  in  the  pores  of  the  plates,  and  the  rate  at  which 
this  acid  is  renewed  by  diffusion  with  the  other  acid  in 
the  cell.  It  is  the  liinit  of  this  available  acid  that  limits 
the  capacity  of  the  battery  at  high  rates  of  discharge, 
and  not  any  limitation  in  the  plates  themselves.  It  is. 
therefore,  impossible  to  damage  the  plates  by  overdis- 
charge  at  high  discharge  rates.  In  fact,  very  low  rates 
of  discharge  should  receive  more  careful  consideration 
than  very  high  rates. 

The  variation  in  available  capacity  of  a  well-known 
battery  when  discharged  continuously  at  constant  rates 
is  shown  in  Fig.  i ;  also  the  initial,  average  and  final 
voltage  per  cell  under  the  same  conditions.  This  curve 
;=  drawn  on  the  basis  of  the  battery  giving  its  rated  ca- 
pacity in  4.5  hours.  If  a  battery  be  discharged  intermit- 
tently, it  is  evident  that  during  periods  of  rest  the  acid 
in  the  pores  of  the  plates  is  beittg  renewed  by  diffusion 
with  the  other  acid  in  the  cell.  It  follows  that  the 
reduction  in  available  capacity,  due  to  high  rates,  largely 
disappears  when  the  high  rates  are  intermittent.  If  the 
total  elapsed  time  during  which  discharges  are  made  be 
greater  than  4.5  hours  and  if  the  high  rate  discharges 
are  approximately  evenly  distributed  throughout  the 
time,  so  that  there  will  be  time  for  this  diffusion  to  take 
place,  approximately  the  full  capacity  of  the  battery  will 
be  available. 


The  curves  in  Fig.  2  are  the  result  of  tests  and  show 
the  voltage  and  ampere-hours  of  discharge  of  a  cell 
when  discharged  continuously  at  the  nominal  five-hour 
rate  (25.8  amperes)  ;  also  of  the  same  cell  when  dis- 
charged in  cycles  of  four  minutes  at  five  times  this  rate 
(129  amperes)  with  17  minute  rests,  and  also  when 
discharged  in  cycles  of  two  minutes  at  ten  times  this 
rate  (258  amperes)  with  19  minute  rests.  This  battery 
was  somewhat  above  rated  capacity  and  gave  157 
ampere  hours  at  the  nominal  five-hour  rate  in  six  hours 
and  four  minutes.  On  intermittent  discharge  at  five 
times  the  five-hour  rate  it  gave  146.2  ampere-hours  in 
five  hours  and  40  minutes,  and  at  ten  times  the  five-hour 
rate  it  gave  137.6  ampere-hours  in  five  hours  and   17 
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FIG.    I — PERCENT  VARIATION   IN    CAPACITY 

With  cliange  in  rate  at  high  rates  of  discharge  of  an  Ironclad 
Exide  battery. 

minutes.  The  voltages  shown  throughout  these  dis- 
charges are  amply  high  to  meet  tlie  requirements  of 
thoroughly  good  service. 

Another  illustration  of  the  way  advantage  may  be 
taken  of  the  effect  of  acid  diffusion  may  be  shown  by 
reference  to  a  submarine  boat.  Suppose  a  battery  is 
used  of  sufficient  capacity  to  drive  the  boat  submerged 
at  full  speed  for  one  hour,  and  suppose  this  takes  3000 
amperes,  after  a  one-hour  run  the  battery  will  be  prac- 
tically empty  at  this  rate,  and  its  voltage  will  begin  to 
fall  rapidly  if  discharge  at  this  rate  is  continued.  If, 
however,  the  speed  of  the  boat  is  now  reduced  so  that 
the    discharge    will    be    reduced    to    say    1350   amperes. 
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which  would  drive  the  boat  at  approximately  half  speed, 
the  rate  of  acid  absorption  by  the  plates  will  be  reduced 
to  less  than  one-half  its  former  value,  but  the  rate  of 
diffusion  will  not  be  changed,  more  acid  will  become 
available  in  the  pores  of  the  plates  and  the  discharge 
may  be  continued  for  some  time  before  the  available  acid 
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FIG.  2— INTERMITTENT  DISCHARGE  CAPACITY 

At  high  rates  of  an  MV-9  Ironclad  Exide  battery  compared  to 

normal  discharge. 
Discharge  at  25.8  Amp,— Average  Volts  1.973     Temp.— Start  94  deg.— Finish 
Discharge^t  129  Amp.— Average  Volts  1.807     Temp.— Start  99  deg.— Finish 
Discharge  at  258  Amp.— Average  Volts  1.633     Temp.— Start  97  deg.— Finish 

Capacity  wlien  discharged  continuously    at  five-hour    rate    (25.8  amp.)    1 57 

ampere-hours.  .-        .         ^      1. 

Capacity  when  discharged  in  cycles  of  four  minutes  at  five  times  five-hour  rate 

(129  amperes)  with  17  minute  rests — 146.2  ampere-hours. 
Capacity  when  discharged  in  cycles  of  two  minute  at  ten  tin-.cs  five-hour  rate 
(258  amperes)  with  19  minute  rests — 137.6  ampere  hours. 

CONTINUOUS  DISCHARGE  RATED  CAPACITY 
25.8  amperes    5  hours — 1 29  ampere-hours. 
129      amperes  32  minutes —  69  ampere-hours. 
258      amperes  1 1  minutes —  47  ampere-hours. 

is  again  used  up.  Successive  reductions  in  the  rates  of 
discharge  could  be  made  and  submerged  operation  of 
the  boat  continued  at  correspondingly  reduced  speeds. 
The  curves  in  Fig.  3  are  the  result  of  a  test  on  a  sub- 
marine type  cell  discharged  in  this  manner.  While  the 
capacity  of  this  cell  was  3000  amperes  for  one  hour,  it  is 
shown  that  an  additional  3000  ampere-hours  of  dis- 
charge was  obtained  at  serviceable  rates  and  at  service- 
able voltages,  thus  doubling  the  radius  of  submerged 
action  without  overdischarging  the  battery  or  damaging 
it  in  any  way. 

It  will  be  noted  that  the  voltages  shown  in  this  test 
are  lower  than  those  shown  at  corresponding  rates  on 
the  curve  in  Fig.  i.  The  use  of  larger  plates  in  the  sub- 
marine type  of  cell  necessarily  introduces  more  IR  drop 
in  the  plates,  which  accounts  for  this  difference.  Taking 
advantage  of  these  characteristics  has  added  materially 
to  the  use  that  can  be  made  of  a  battery  where  space  or 
weight  conditions  are  limited,  or  if  the  work  to  be  done 
is  tixed  they  permit  the  use  of  smaller  and  correspond- 
ingly cheaper  batteries. 

Equally  important  advances  have  been  made  in  per- 
missible charging  conditions,  with  the  result  that  the 
best  rates  to  use  in  charging  a  battery  are  now  generally 
determined  by  the  particular  local  conditions  under 
which  the  battery  is  operated  rather  than  by  limiting 


conditions  imposed  by  the  battery  itself.  In  the  early 
days  of  the  vehicle  battery,  the  life  of  the  battery  was 
considered  in  terms  of  the  number  of  charges,  and  a 
charge  once  started  was  supposed  to  be  completed  before 
the  battery  was  again  used.  The  charge  was  started  at  a 
certain  rate  determined  by  the  size  of  the  battery,  and 
continued  until  the  cells  began  to  gas,  when  the  rate  was 
reduced  to  about  40  percent  of  this  value,  and  continued 
until  the  cells  again  gassed  freely.  Later  a  certain" 
amount  of  "boosting"  was  permitted,  the  term  "boost- 
ing" being  used  for  partial  charging  given  in  a  compara- 
tively short  time  and  usually  at  rates  higher  than  were 
permitted  for  regular  charging.  It  is  no  longer  necessary 
to  differentiate  between  these  two  forms  of  charging. 

In  general,  a  battery  may  be  charged  at  any  time 
when  a  charge  will  be  useful  and  at  any  rate  which  will 
not  cause  the  temperature  of  the  battery  to  exceed  no 
degrees  F.  and  which  will  not  cause  the  cells  to  gas 
freely  except  at  low  rates  of  charge.  If  these  conditions 
can  be  watched  no  further  directions  or  limitations  need 
be  considered.  As  it  is  not  always  possible  to  watch 
these  conditions,  several  methods  of  charging  have  been 
worked  out  which  reduce  the  amount  of  attendance  re- 
quired while  charging,  and  which  permit  the  selection  of 
the  most  economical  way  to  charge  the  battery  under  any 
particular  set  of  local  conditions,  while  assuring  that  the 
above  limitations  will  not  be  exceeded. 
.  A  general  rule  for  determining  the  maximum  per- 
missible rate  of  charging  a  battery  is : — The  charging 
rate  in  amperes  must  never  exceed  the  ampere-hours  out 
of  the  battery.  Any  method  of  charging  that  keeps  the 
charging  current  within  this  limit  will  not  overheat  the 
battery  or  cause  it  to  gas.  In  applying  this  rule  it  is  not 
necessary  to  reduce  the  charging  rate  below  the  "finish- 
ing" rate  recommended  by  the  battery  manufacturers. 
If  an  ampere-hour  meter  is  used  on  the  vehicle,  so  ar- 
ranged as  to  indicate  the  ampere-hours  out  of  the  bat- 
tery, it  also  indicates  at  all  times  the  maximum  per- 
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FIG.  3 — DISCHARGE  CHAR.\CTERISTICS 

Of  29-U  Exide  cell  at  varying  rates, 
missible  charging  rate.  It  will  be  noted  that  the  maxi- 
mum charging  rates  are  no  longer  a  function  of  the  size 
of  the  battery  or  its  relative  state  of  discharge,  but  de- 
pend only  on  the  actual  state  of  discharge.  The  curve 
in  Fig.  4  shows  in  percentage  the  theoretical  variation  in 
charging  rate  and  also  in  state  of  charge  if  a  battery 
were  charged  strictly  in  accordance  with  this  rule,  and 
this  represents  the  method  by  which  a  battery  may  be 
safely  charged  in  a  minimum  time  in  regular  operation. 
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I'IG.    4 — THEnRETICAL    VARIATION    IN 
CHARGING    RATE 

When  the  charging  rate  in  amperes  equals 

the  ampere-hours  out  of  the  battery. 

R  =   Ce-t 


The  curves  in  Fig.  5  are  the  result  of  test  and  show 
the  charging  rate,  the  state  of  charge,  cell  voltage  and 
temperature  of  a  battery  when  the  current  was  adjusted 
each  minute  in  accordance  with  the  above  rule  until  the 
recommended  finishing  rate  is  reached.  It  will  be  noted 
that  the  temperature  started  at  80  degrees  F.,  rose  to  100 
degrees  F.,  and  then  dropped  off  again.  The  voltage 
curves  show  the  highest  and  lowest  of  six  cells  tested  in 
series.    These  curves  hold  close  together  for  two  hours 

and  37  minutes, 
or  until  the  cells 
began  to  gas 
under  the  main- 
tained finishing 
rate,  when  they 
separated  some- 
what, but  n  o  t 
seriously.  The 
voltage  curves 
are  quite  straight 
for  the  two 
h  o  u  r  s  and  2i7 
minutes  and  be- 
tween 2.38  and  2.28  volts  per  cell.  The  approximately 
constant  voltage  shown  by  these  curves  suggests  that  the 
constant  voltage  method  of  charging  will  approximate 
the  characteristics  given  in  the  above  rule,  and  that  if 
the  voltage  and  number  of  cells  be  chosen  so  that  2.3 
volts  be  used  per  cell,  the  charging  will  automatically 
follow  closely  the  maximum  permissible  rate. 

The  curves  in  Fig.  6  show  the  charge  characteristics 
of  a  battery  at  constant  voltage  of  2.3  volts  per  cell  when 
the  battery  is  25,  50,  75  and  100  percent  discharged  at 
the  start  of  charge.  This  method  of  charging  a  battery 
is  ideal,  as  it  requires  no  attention  after  it  has  been  con- 
nected to  the  charging  circuit,  and  it  puts  in  a  large  part 
of  the  charge  in  a  short  time,  making  the  battery  again 
ready  for  service  with  a  considerable  addition  to  the 
available  stored  energy. 

Many  automobile  trucks  are  now  charged  in  this 
nianner  whenever  they  are  standing  at  their  loading 
platforms.  One-third  of  the  ampere-hours  used  per  day 
are  frequently  charged  into  the  battery  in  this  way  with- 
out the  loss  of  any  time  from  actual  service.  At  times 
of  especially  heavy  service,  as  during  severe  snow 
storms,  or  during  the  holiday  season,  this  adds  materi- 
ally to  the  usefulness  of  the  truck.  The  curves  already 
shown  approximate  the  maximum  permissible  rates  of 
charge,  but  these  rates,  especially  during  the  early  parts 
of  the  charge,  are  often  in  excess  of  values  that  are  nec- 
essary or  even  commercially  advisable,  as  limits  below 
these  values  are  frequently  imposed  by  the  amount  of 
power  available  for  charging  and  by  the  capacity  of  cir- 
cuit and  vehicle  wiring. 

The  load  factor  of  charging  a  single  vehicle  in  this 
manner  is  very  low,  but  if  taken  on  a  large  system,  as  in 
a  large  garage  or  at  an  industrial  plant  using  a  large 
amount  of  electric  power,  its  effect  may  be  negligible 
commercially.    Large  garages  housing  electric  cars  only 


are  using  the  constant  voltage  charging  system,  or  a 
slight  modification  of  it,  with  great  satisfaction.  In 
some  cases  a  small  resistance  is  used  during  the  early 
part  of  the  charge  to  reduce  the  current  to  an  amount 
that  can  be  safely  carried  by  the  wiring  of  the  cars  and 
the  garage  circuits.  In  other  cases  two  bus  voltages  are 
used,  each  battery  being  charged  from  the  low  bus  at 
aliout  2.2  volts  per  cell  during  the  early  part  of  its  charge 
and  from  the  high  bus  at  2.3  volts  per  cell  during  the 
latter  part  of  the  charge.  Where  there  is  a  compara- 
tively large  number  of  vehicles  to  be  charged,  it  is  an 
easy  matter  to  keep  both  machines  loaded  by  transfer- 
ring batteries  from  the  low  bus  to  the  high  bus  and  con- 
necting additional  batteries  on  the  low  bus  as  the  current 
taken  by  the  first  batteries  automatically  falls  off.  An 
additional  feature  in  favor  of  the  constant  voltage  charg- 
ing of  batteries  lies  in  the  fact  that  no  energy  is  lost  in 
controlling  resistances. 

In  case  the  available  charging  voltage  is  too  high  for 
the  number  of  cells  on  the  vehicle  the  excess  voltage 
may  be  absorbed  in  counter  electromotive  force  cells. 
These  cells  are  similar  to  storage  battery  cells,  e.Kcept 
that  the  plates  consist  of  lead  alloy  with  no  active  ma- 
terial. These  cells  offer  to  the  charging  current  an  oppos- 
ing voltage  of  2.8  to  3  volts  per  cell,  which  is  approxi- 
mately constant  and  independent  of  the  current  flowing 
through  them.  A  metallic  resistance  should  not  be  used 
if  the  constant  voltage  charging  characteristics  are  de- 
sired, on  account  of  the  variation  of  the  opposing  volt- 
age with  the  charging  current. 

In  cases  when  the  low  load  factor  caused  by  high 
rate  charging  is  objectionable,  lower  rates  of  charging 
must  be  used  and  a  correspondingly  longer  time  will  be 
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FIG.   5 — ACTUAL   CURVES   OBTAINED  BY   CHARGING   A   BATTERY   IN 
ACCORDANCE  WITH  THE  RULE  GIVEN  UNDER  FIG.  4 

The  charging  current  was  kept  for  one-minute  intervals 
equal  to  the  ampere-hours  discharge.  The  charge  followed  a 
discharge  of  25.75  amperes  for  five  hours,  or  129  ampere-hours. 

required  for  the  same  input  to  the  battery.  Under  many 
circumstances,  this  is  in  no  way  objectionable,  as  ample 
time  is  frequently  available  for  all  charging  to  be  done 
at  low  rates.  If  there  is  sufficient  time,  all  charging 
may  be  done  at  the  finishing  rate  recommended  by  the 
manufacturers,  or  at  any  combination  of  rates  that  does 
not  violate  the  general  rule  for  permissible  rates  given 
above. 
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It  is  evident  that  very  wide  latitude  for  proper 
charging  is  offered  from  which  to  select  the  best  way  to 
charge  a  batterv  under  any  given  local  conditions.  If 
the  vehicle  is  equipped  with  an  ampere-hour  meter  the 
readings  of  this  meter  may  be  taken  as  the  basis  for 
selecting  a  charging  rate  which  may  be  used  for  a  par- 
ticular length  of  time,  so  that  at  the  end  of  that  time  the 
charging  rate  will  be  at  the  maximum  permissible  rate, 
at  which  time  the  rate  should,  of  course,  be  reduced.  It 
follows  from  the  general  rule  for  charging  that,  it 
R  :=  permissible  charging  rate,  D  =  ampere-hours  out 
of  the  battery  at  the  start  of  the  charge  (reading  of  the 
ampere-hour  meter)  and  T  =  time  in  hours  until  the 
current  can  be  adjusted,  then  R  =  D  -^  (i  +  U  — 
maximum  permissible  charging  rate  for  T  hours,  and 
at  the  end  of  T  hours  the  charging  rate  will  equal  the 
reading  of  the  ampere-hour  meter.    This  value  can  again 

TABLE  I— CHARGING  RATES 


are  certain  variable  losses  in  the  battery  which  the 
ampere-hour  meter  cannot  measure.  In  fact,  there  is  no 
accurate  way  to  predetermine  exactly  how  many  ampere- 
hours  charge  may  be  necessary  to  fully  charge  a  bat- 
tery, nor  is  it  necessary  in  ordinary  service  that  the  bat- 
tery be  really  completely  recharged  daily.  An  ordinary 
clock  is  not  an  accurate  instrument  for  measuring  time, 
yet  if  it  is  set  correctly  occasionally  it  is  sufficiently  ac-^ 
curate  for  ordinary  purposes.  It  is  the  same  with  an 
ampere-hour  meter.  It  is  necessary  that  a  battery  be 
fully  charged  occasionally,  say  once  a  week,  if  the  bat- 
tery is  subjected  to  hard  daily  use,  as  on  a  commercial 
truck,  and  this  furnishes  an  opportunity  to  set  the 
ampere-hour  meter. 

A  battery  is  fully  charged  only  when  all  the  sulphate 
has  been  driven  out  of  the  plates  into  the  electrolyte,  and 
this  is  most  easily  indicated  by  the  specific  gravity  of  the 
electrolyte.  As  long  as  sulphate  is  being  thrown  out  of 
the  plates  into  the  electrolyte  during  charge,  the  specific 
gravity  of  the  latter  must  continue  to  rise,  and  when  the 
rise  stops  the  battery  is  fully  charged.  Most  battery 
manufacturers  recommend  that  a  battery  be  given  such 
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available  time.      '"%"^"  ^^^^i        103  ampere  hours  discharged;    time 

Example.— Ampere  hour  meter  ^eaaing,  loj  a    v  column;   follow 

Z^S'll  Se  Sln^heaTei'rhour'rnd'  l^d'so/which  is  the  current  to  be  used. 

be  divided  hy  I  +  T  for  the  new  charging  rate,  and  so 
on  until  the  charge  can  be  finished  at  the  finishing  rate. 
If  it  is  desired  to  charge  the  battery  rapidly,  the  time  T 
should  be  taken  as  short  as  possible.  For  convenience 
Table  I  calculated  from  this  formula  is  given.  This 
table  is  of  use  not  only  in  the  charging  room,  but  also 
for  the  determination  of  the  best  manner  for  charging 
vehicles  under  any  contemplated  conditions  and  for  the 
selection  of  charging  equipment  to  meet  the  require- 
ments of  these  conditions. 

It  should  be  carefully  noted  that  if  an  ampere-hour 
meter  is  made  the  basis  for  charging  a  battery,  care  must 
be  taken  to  be  sure  that  the  meter  indicates  as  nearly  as 
possible  the  real  state  of  charge  of  the  battery.  An 
accurate  record  of  the  ampere-hours  discharge  from  a 
battery  does  not  give  an  accurate  measure  of  the 
ampere-hours  necessary  to  fully  recharge  it,  for  there 
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Of  Ironclad  Kxide  battery  at  a  constant  potential  of  2.3 

volts  per  cell. 
Ampere-hour  efficiency — 95  percent. 

Five-hour  rate  -Q2  percent  of  4.5  hour  rate.  „„„,-:.„ 

Five-ho"  rated  capacity  =  .02  percent  of  45  ^pur /ated  capMity. 
Temperature  of  electrolyte  at  start  89  degrees  F;  at  fi">sh  96  fXtently  to 
charRc  can  be  completed  in  minimum  time  by  raising  the  voltage  sullicientiy  to 
Md  the  cunent  constant  when  the  finishing  rate  .s  reached. 

a  charge  (called  an  equalizing  charge),  regardless  of 
the  indication  of  the  ampere-hour  meter,  once  a  week 
or  once  in  two  weeks.  When  it  is  known  that  the  bat- 
tery is  full,  the  charge  is  discontinued  and  then  the  meter 
is  set  to  indicate  a  full  battery,  and  the  meter  is  then  a 
sufficiently  accurate  indicator  of  the  state  of  battery 
charge  to  be  used  for  a  week  or  two  weeks  until  another 
equalizing  charge  is  given  the  battery,  when  the  meter 
should  again  be  set. 

Ampere-hour  meters  require  cleaning  and  regulation 
at  intervals  as  does  a  clock,  and  if  they  are  treated  in 
this  manner  they  are  of  great  assistance  in  the  proper 
handling  of  a  battery.  These  meters  are  frequently 
furnished  with  a  contact  making  device  so  arranged  as 
to  interrupt  the  charging  circuit  when  the  meter  indi- 
cates that  the  battery  is  fully  charged,  and  this  is  a  valu- 
able protection  against  unnecessary  charging  and  gassing 
of  the  battery  during  ordinary  operation.  This  trip- 
ping device  should,  of  course,  be  disconnected  during 
the  equalizing  charge. 


The  Trackless  Train 

G.    W.    BuLLEV 

President, 
The  Mercury  Mfg.  Company 

THE  PROBLEM  of  the  trackless  train  presents  many  interesting  features  and  has  given  engineers  much 
food  for  thought.  The  enormity  of  the  field  opened  up  by  this  new  system  of  haulage  can  hardly  yet  be 
grasped,  and  is  certainly  not  realized  even  by  the  industrial  public.  The  sight  of  a  train  of  twenty  or  even 
of  five  cars  winding  in  and  out  narrow  aisles,  around  corners,  among  pillars,  along  floors  already  congested 
apparently  to  the  limit  of  capacity,  tracking  perfectly  and  following  a  miniature  self-contained  motor-driven 
haulage  unit  with  no  rails  to  guide  them,  would  astonish  all  but  the  initiated,  and  j'et  this  is  common  in  many 
large  establishments  today. 


TO  ACCOMPLISH  tractor  hatilage  the  first  con- 
sideration is  the  proper  power  unit,  and  from  a 
commercial  viewpoint  naturally  that  unit  is  the 
one  that  will  do  a  maximum  amount  of  work  at  a  mini- 
mum expense.  It  is  obvious,  therefore,  that  while  cer- 
tain essential  elements  are  requisite  in  all  designs,  no  one 
machine  could  be  exactly  suited  to  meet  conditions  which 
vary  so  greatly,  and  are  never  exactly  alike  in  any  two 
installations.  As  all  available  energy  is  stored  and 
must  be  carried  on  the  machine  the  lowest  possible  cur- 
rent consumption  is  of  special  importance.  Small  turn- 
ing radius  and  compactness  is  sought  because  floor  space 
is  valuable  and  working  places  congested.  Other  indis- 
pensable qualities  are  extreme  simplicity,  coupled  with 
reliabitity  and  accessibility,  for  in  case  of  failure  of  the 
machine  it  is  seldom  that  sufficient  men  are  immediately 
obtainable  to  do  its  work. 

In  general,  industrial  tractors  may  be  divided  into 
three  classes,  namely : — 

Industrial — Intended  chiefly  for  interior  work  : 

Semi-industrial — A  heavier  and  larger  machine  than 
the  industrial  tractor,  capable  of  yard,  dock  and  to  a 
limited  extent  interplant  street  haulage ; 

Semi-tractor — Which  as  its  name  would  indicate  is 
only  part  tractor,  as  a  portion  of  the  load  is  supported 
by  the  haulage  unit,  bringing  it  in  reality  in  the  truck 
class.  The  semi-tractor  is  seldom  found  in  this  line  of 
work — with  one  exception,  described  later. 

The  industrial  or  carrier  truck  is  in  no  wise  a 
tractor,  although  it  has  been  employed  as  such  from 
time  to  time  without  marked  success,  easily  accounted 
for  by  the  limited  motor  and  battery  capacity,  and  design 
never  intended  for  such  work.  The  machines  in  gen- 
eral use  are  true  tractors,  varying  in  capacity  from  3  to 
15  tons  under  working  conditions,  rated  by  drawbar 
pull,  the  maximum  generally  being  quoted. 

It  is  to  be  regretted  that  this  method  of  classification, 
wiiich  is  the  only  true  rating,  is  of  little  value  to  the 
prospective  purchaser,  as  he  has  but  scant  knowledge  of 
the  application  of  the  term  to  practice.  On  the  other 
hand,  if  luachines  were  classified  by  tons  it  might  well 
be  misleading  to  the  buyer  or  unfair  to  the  machine,  the 
reason  being  that  drawbar  pull  required  per  ton  load 
varies  so  greatly  with  working  conditions,  such  as  road 
surfaces,  grades,  types  of  carrier,  etc.,  as  to  require 
study  before  a  classification  in  tons  capacity  as  applied 
to  the  case  can  be  made.    It  will  be  seen  that  a  three-ton 


machine  in  one  place  may  rightly  be  employed  as  a  six- 
ton  machine  under  more  favorable  circumstances,  the 
maximum  drawbar  pull  required  being  about  equal  in 
both  cases. 

MOTORS  AND  CONTROL 

One  of  the  determining  factors  of  cajiacity  is  the 
motor  and,  as  all  industrial  tractor  manufacturers  but 
one,  so  far  as  is  known,  use  but  a  single  size  and  make 
but  one  machine,  it  is  apparent  that  many  cannot  be 
working  to  the  best  advantage.  To  date  all  too  little 
attention  has  been  paid  this  important  member,  as 
ampere  readings  taken  from  different  makes  of  tractors 
under  the  same  conditions  show  an  astonishing  variation 
in  current  drawn.  This  would  indicate  that  some  of  the 
motors  were  not  designed  for  the  purpose,  but  selected 
more  or  less  at  random  from  the  large  assortment  on 
the  market.  Regarding  the  motor,  this  much  is  certain, 
— it  must  have  great  overload  capacity,  unusually  large 
commutator  area  and  the  shaft  should  be  luounted  on 
ball  bearings.  The  capacity,  winding  and  general  design 
must  be  worked  out  to  meet  requirements. 

There  is  nothing  individual  about  the  controllers,  as 
those  used  in  vehicles  are  largely  represented.  To  them, 
however,  are  often  attached  safety  devices  which  are 
more  or  less  unique,  though  they  are  not  a  universal 
feature  and  are  omitted  entirely  in  the  semi-industrial 
type.  Some  of  the  more  interesting  operate  as  fol- 
lows : — A  strong  spring  is  placed  to  return  the  controller 
handle  to  neutral  and  a  separate  switch  is  mechanically 
connected  to  a  foot  pedal,  which  is  also  attached  to  the 
brake  applied  by  a  spring  when  the  tractor  is  not  in  use. 
Pressure  on  this  pedal  releases  the  brake  and  throws  in 
the  supplementary  switch.  The  same  arrangement  is 
found  in  other  machines,  except  that  the  spring  return- 
ing the  controller  to  neutral  is  omitted.  In  another  device, 
the  controller  is  returned  to  neutral  and  brakes  applied 
when  the  operator  leaves  the  seat.  When  the  operator 
is  in  position,  the  controller  is  free  and  a  regular  foot 
brake  pedal  is  placed  in  convenient  position  for  his  use. 
The  brakes  may  be  permanently  set  by  means  of  this 
pedal. 

METHODS  OF  DRIVING 

In  the  drive  froiu  the  motor  to  the  rear  wheels  there 
are  the  three  types  commonly  found  in  the  commercial 
truck,  namely,  chain  to  jack  shaft  and  chains  to  rear 
wheels,  gear  or  chain  to  rear  axle  driving  shaft,  which 
carries  a  bevel  gear,  and  the  single  worm  gear  reduction. 
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There  has  been  some  attempt  at  four-wheel  drive,  but 
it  is  understood  that  this  machine  is  no  longer  manufac- 
tured. It  would  seem  entirely  unnecessary  to  resort  to 
this  type  and  introduce  the  complications  inherent  to 
this  drive,  for  the  simple  reason  that  sufficient  traction 
may  lie  obtained  by  placing  the  major  portion  of  the 
batterv  weight,  which  must  be  carried  in  any  event,  over 
the  driving  wheels.     .-Ml  driving  shafts  are  mounted  on 
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Fig.  I— Ordinary  drag  link  with  two-wheel  steering. 
Fig.  2 — Special  steering  arrangement. 

high-class  ball  or  roller  bearings,  which  must  have  un- 
usually large  overload  capacities,  more  particularly  the 
thrust  bearing  back  of  the  worm,  which  drive  is  now 
quite  general. 

In  the  smaller  types  the  batteries  are  spring  sus- 
pended, but  the  chassis  is  not,  as  it  is  ordinarily  used  on 
good  hard  smooth  floor  surfaces.  In  some  cases  the  bat- 
tery trays  are  supported  between  springs  to  take  the 
rebound,  this  being  the  best  practice.  The  larger  ma- 
chines are  spring  hung,  the  intermediate  sizes  generally 
ha\'ing  spiral  springs  and  the  semi-industrial  half  elli])tic. 

METHODS  OF  STEERING 

In  the  industrial  tractor  there  are  four  forius  of 
steering  gears,  and  in  the  semi-industrial  but  two.  The 
ordinary  automobile  drag  link  connection  with  two- 
wheel  steer  is  represented  with  results  as  shown  in 
Fig.  I.  Unfortunately  it  is  necessary  in  rounding  a 
curve  with  a  four-wheel  machine  to  turn  the  inside 
wheel  through  a  greater  angle  than  the  outside  wheel. 
To  approximate  the  correct  angle  a  line  is  drawn  from 
the  pivot  point  of  the  steering  knuckle  to  the  center  of 
the  rear  axle.  When  the  wheels  are  in  the  straight  run- 
ning position,  the  drag  link  will  be  parallel  to  the  axle, 
and  if  connected  to  the  steering  arms  at  the  point  where 
the  lines  drawn  intersect  the  drag  link  either  in  front  or 
behind  the  axle  a  fair  compensation  for  angle  will  be 
obtained.  If  the  wheel  base  is  shortened,  however,  the 
angle  formed  by  the  steering  arm  and  the  drag  link 
becomes  more  acute,  so  that  with  the  industrial  tractor 
wheel  base  it  is  very  noticeable ;  in  fact,  is  so  great  that 
the  wheels  cannot  be  turned  as  far  as  they  should  be  and 
again  returned  to  the  straight  position.  The  result  is 
that  the  best  possible  turning  radius  cannot  be  obtained 
with  this  arrangement.  In  order  to  get  the  best  turning 
radius  a  vertical  plane  on  a  line  drawn  through  the 
center  of  the  spindle  of  the  inside  front  wheel  should 


cut  a  vertical  plane  passing  through  the  rear  axle  center 
just  inside  the  rear  wheel,  as  indicated  in  Fig.  2.  By  a 
very  simple  arrangement  of  levers  this  has  been  accom- 
plished by  one  concern  building  industrial  and  semi- 
industrial  equipments,  with  the  results  that  the  turning 
radius  is  equal  to  that  of  a  three-wheel  machine  and 
wheels  are  more  nearly  in  correct  position  at  all  times 
than  when  a  regular  drag  link  connection  is  used. 

There  are  two  three-wheel  tractors  on  the  market, 
one  industrial  and  one  semi-industrial,  the  first  driving 
on  the  back  wheels  and  steering  with  the  front  only.  In 
this  case  the  steering  connection  is  direct.  The  second 
drives  and  steers  on  the  front  wheel,  the  drive  being 
accomplished  by  a  motor  located  inside  of  the  wheel 
and  the  steer  by  a  gear  connection  from  the  driver's 
seat,  as  in  Fig.  3.  The  industrial  machine  of  the  three- 
wheel  type  may  be  headed  straight  into  a  post  and,  if 
the  front  of  the  machine  has  ■;4  inch  clearance,  it  will 
turn  around  without  backing  and  will  not  strike  the  post. 
It  is  very  effective  and  perhaps  the  best  possible  design 
for  inside  work. 

The  four-wheel  steer,  while  giving  ;i  fairly  short 
turning  radius,  as  shown  in  I'^ig.  4,  has  two  distinct  dis- 
advantages, the  first  being  the  mechanical  complication 
of  driving  and  steering  with  the  same  wdieels ;  the  sec- 
ond, that  if  the  machine  is  close  against  and  parallel  to 
a  wall  or  other  obstruction  and  is  started  away  from  it 
turning  sharply,  the  rear  end  heads  into  the  wall  instead 
of  away  from  it.  This,  of  course,  is  no  disadvantage 
except  in  confined  places,  but  most  working  places  un- 
fortunately arc  confined. 

li.ATTKKIES 

The  usual  battery  capacities  in  machines  available 
are  150  ampere-hours  at  40  volts,  and  225  amjjere-hours 
at  30  and  42  volts.  For  some  time  one  concern  put  out 
a  machine  having  a  capacity  of  but  150  ampere-hours  at 


FIG.  3  FIG.  4 

Fig.  3 — Method  of  steering  with  single  front  wheel  only. 
Fig.  4 — Four-wheel  steering. 

24  volts,  but  it  was  soon  found  insufficient.  Practice 
would  indicate  that  for  ordinary  industrial  work  225 
ampere-hours  at  30  volts  is  sufficient  and  that  225 
ampere-hours  at  42  volts  is  ample  for  a  ten-hour  day. 
When  necessary  to  operate  20  or  24  hours  it  is  custom- 
ary to  change  batteries,  which  may  be  done  in  two  min- 
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utes  time  by  special  arrangenieiit  of  battery  container  iiaiidling  two-wheel  hand  trucks  as  hand  trucks  and 
and  slip  connections.  The  semi-industrial  machine  is  trailers.  A  patent  has  been  granted  on  this  type  of  ear- 
generally  60  volt  and  from  300  to  450  ampere-hours  rier.  If  necessary,  even  wheelbarrows  may  be  towed  in 
capacity.  trains  of  any  number.     It  is  seldom  possible  to  use  the 

The  Ijattery  to  use  in  this  work  seems  to  still  be  an  same  hitches  on  any  two  installations,  because  the  same 
oiien  question.  The  general  types  are  plain  lead-plate  trailers  are  rarely  found  and,  even  if  the  trailers  are 
acid  battery,  the  acid  battery  with  the  "pencil  positive     alike,  it  might  seem  wise  to  use  a  diiTerent  hitch  on 

account  of  other  conditions.  Hitches  may  now  be 
worked  out  to  a  nicety  with  a  blue  print  of  the  trailer  on 
hand,  but  it  is  best  to  have  a  clear  idea  of  the  installation 
before  attempting  this  work.  Among  the  hitches  already 
employed  are  found  the  cross  bar,  cross  chain,  triangle 
chain,  triangle  bar,  double  triangle  of  both  kinds,  and 
two  more  or  less  automatic  hitches.  It  would  be  impos- 
sible to  discuss  this  subject  in  detail  in  the  space  avail- 
able, but  the  automatic  couplings  are  well  worthy  of 
note.  One  of  these,  shown  in  Fig.  6,  somewhat  resem- 
bles a  railroad  cottpling.  This  couiiling  will  operate 
through  a  considerable  angle  and  will  automatically 
couple  if  trailers  are  not  over  y/2  inches  out  of  line  on 
either  side  of  center.  The  other  coupling,  Fig.  7,  will 
couple  up  automatically  if  the  trailers  are  pushed  to- 
gether with  a  leeway  of  24  inches  side  motion  and  at 
an  angle  of  60  degrees  either  side.  Uncoupling  is  ac- 
complished by  a  foot  pedal  on  the  tractor  or  a  hand 
lever  on  the  trailers.  These  hitches  are  great  time- 
savers  and  are  fast  coming  into  their  own.  It  must  be 
remembered  when  designing  a  hitch  that  not  only  the 
usual  drawbar  pull  exerted  to  start  a  trailer  and  others 
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individual  advantages.  The  acid  battery  is  not  so  af- 
fected 1)y  cold,  is  more  efficient  and  less  expensive  than 
the  alkali  type.  It  will  also  permit  of  a  heavy  discharge 
rate  when  necessary  on  account  of  its  low  internal  resist- 
ance. The  ''pencil  type  positive  plate"  is  more  expen- 
sive and.  while  more  durable,  will  probably  cost  about 
the  same  as  the  plain  lead-plate  in  the  long  rvm.  The 
alkali  battery  is  nnich  more  dtirable,  requires  less  care 
and  if  lighter  than  the  acid  battery.  In  all  fairness  it 
must  be  stated  that  while  these  cells  are  affected  by  cold 
to  a  greater  extent  than  the  acid  cell  they  are  easily  pro- 
tected. There  is  not  a  great  .deal  of  difference  in  cost  at 
the  end  of  a  numljer  of  years  service,  no  matter  which 
cell  is  used.  The  cost  to  the  consumer  of  a  certain  size 
of  the  three  types  of  batteries  would  be  as  follows, — 
$281,  $395  and  $600.  Most  users  seem  to  be  willing  to 
make  the  higher  initial  investment. 

Some  few  machines  are  yet  made  with  ordinary  open 
wiring,  some  are  wired  in  loom,  and  one  at  least  in 
metal  conduit  filled  with  asphaltum  after  the  wires  are 
in  place,  making  all  of  them  a  unit  and  obviating  any 
chance  of  wear  tlue  to  vibration,  and  allowing  the  re- 
moval of  the  wires  in  a  single  piece,  as  they  are  fastened 
in  ])lace  with  but  two  bolts.  The  outlets  are  so  arranged 
that  no  wiring  diagram  is  necessary,  and  the  controller, 
motor,  switch  or  any  other  part  may  be  removed  or  re- 
placed without  any  likelihood  of  making  improper  con- 
nections. 

TR.\ILERS 

The  trailer  equipment  for  these  machines  mis;ht  well 

,  ,  ...  ,,  ,   •  ,,,,-,,•,  •  FIG-  6 — .\L-TOMATIC   COLPI.ING   FOR  TR.\n.ERS 

be  described  as     anythmg  on  wheels.       \\  hen  an   m- 

stallation  is  made  it  is  quite  usual  to  prepare  hitches  and  behind  it  is  to  be  taken  care  of,  but  also  the  excess  due 

use  the  equipment  already  available,  and  it  is  seldom  to  the  momentum  of  the  tractor  gained  in  taking  up 

possible  to  design  or  have  the  users  purchase  new  or  slack,  and  at  times  trailer  wheels  may  be  blocked  by 

special  trailers.    If  the  problem  is  difficult  where  equip-  obstructions,  causing  additional  strain. 

ment  can  be  specified,  it  is  doubly  so  where  old  ecjuip-  The  drawbar  pull  required  to  keep  a  train  ot  usual 

ment  must  be  utilized.     Fig.  5  illustrates  the  method  of  freight  house  trucks  in  motion  on  a  concrete  floor  may 
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be  taken  as  65  lbs.  to  the  ton  trailer  and  load.  This  will 
be  reduced  by  roller  or  ball  bearings  and  increased  on 
less  favorable  surfaces.  It  is  also  increased  by  17.5  per- 
cent per  one  percent  of  grade,  so  that  a  ten  percent  grade 
will  necessitate  an  additional  drawbar  pull  equal  to  175 
percent  of  the  original.  Only  on  account  of  the  wonder- 
ful flexibility  of  the  tractor  trailer  method  of  haulage 
has  this  system  gained  its  present  position. 

Transportation  engineers  have  always  realized  that 
placing  the  load  directly  on  an  expensive  power  unit, 
with  the  unavoidable  delays  at  loading  and  unloading 
points,  did  not  make  for  economy  or,  if  a  saving  was 
effected,  it  was  but  a  small  portion  of  that  possible.    To 


FIG.  7 — ANOTHER  TYPE  OF  AUTOM.\TIC   COUPLER   FOR  TRAILERS 

overcome  this,  and  it  has  done  so  to  a  certain  extent,  the 
"lift  truck"  was  devised,  when  other  difficulties  arose. 
Unfortunately  the  loads  became  immovable  without  the 
carrier,  which  therefore  had  to  be  on  hand  when  re- 
quired, as  quite  often  machines  were  being  fed  and  were 
turning  out  their  work  to  racks  which  the  carrier  picked 
up  and  moved.  A  tractor  hauling  but  a  single  trailer  is 
therefore  more  desirable. 

TRACTOR  OPERATING  COSTS 

In  considering  tractor  costs  and  tractor  trailer  sav- 
ings, it  is  natural  to  compare  it  with  the  old-established 
hand-trucking  methods.  A  few  specific  cases  will 
answer  as  illustrations.  In  these  the  total  cost  of  oper- 
ation and  maintenance  of  the  small  industrial  tractor  is 
less  than  $2  per  day,  and  may  therefore  be  taken  as  the 
cost  of  a  single  man.  In  computing  tractor  cost  the 
depreciation  is  put  at  20  percent,  interest  on  investment 
at  six  percent,  current  at  three  cents  per  kw-hr.,  and 
insurance,  renewals  and  repairs  are  included  generously 
in  this  figure. 

The  first  illustration  is  an  installation  of  a  single 
machine  in  the  basement  of  a  general  merchandise  con- 


cern where  the  greatest  haul  is  in  the  neighborhood 
of  1800  and  the  average  900  feet.  The  trailers  are  six- 
wheel  "empty  box"  trucks  formerly  pushed  by  hand. 
They  are  4  feet  wide,  8  feet  long  and  7  feet  high  when 
loaded.  It  is  a  daily  occurrence  to  see  a  train  of  from 
19  to  22  of  these  trailers,  a  train  196  feet  long,  exclu- 
sive of  tractor,  making  the  several  turns,  some  of  them 
in  "S"  form.  It  was  originally  intended  to  haul  six  to 
eight  trailer  trains.  This  machine  is  now  displacing  13 
men  who  were  formerly  the  pushers.  It  will  displace 
several  more,  and  will  also  do  away  with  a  power  con- 
veyor when  an  incline  leading  to  the  street  is  completed. 

Another  tractor  is  handling  less  than  carload  freight 
on  three  16  foot  platforms  about  900  feet  long,  with  a 
row  of  posts  down  the  center  and  bridges  across  from 
one  platform  to  the  next  during  loading  and  unloading 
periods.  The  average  haul  was  880  feet.  The  machine 
handled  65  tons  per  hour,  displacing  18  to  20  men,  who 
average  but  3.3  tons  per  working  hour  each  under  fair 
conditions.  The  power  taken  for  3.6  days  of  10.5  to 
II  working  hours  was  55  kw-hrs.,  costing  the  consumer 
one  cent  per  kw-hr.,  an  average  of  13  cents  per  day. 

A  record  of  actual  saving  on  another  platform  shows 
a  gain  of  $1048  per  machine  per  month,  which  is  well 
toward  the  purchase  price.  In  each  of  the  cases  cited 
only  pushers  were  eliminated,  but  quite  often  labor 
savings  are  noted  in  other  directions. 

In  a  certain  mill  in  the  middle  west,  one  haul  is  a 
good  example  of  the  practice  of  "keeping  the  material 
on  wheels."  The  haul  of  2100  feet  is  broken  three  times 
to  allow  the  "material"  to  go  through  certain  processes 
before  reaching  its  final  destination.  The  trailer  train 
is  loaded  directly  from  a  machine,  carried  1000  feet  and 
dropped  to  be  fed  to  another.  The  tractor  takes  the 
train  left  on  the  last  trip,  returns  it  600  feet  to  the  stock 
room,  picks  up  empty  trailers,  leaving  the  loaded  train 
and  returning  to  starting  point,  where  another  load  is 
ready,  then  repeats  its  trip. 

Pushers  are,  of  course,  eliminated,  but  it  was  previ- 
ously necessary  to  employ  a  good  number  of  laborers  to 
load  push  carts  from  stationary  racks.  The  double 
handling  is  now  avoided,  as  the  racks  are  on  the  trailers. 
The  outlay  for  the  system  is  roughly  $30000;  the  an- 
nual saving  more  than  double  this  amount. 

The  semi-industrial  tractor  cannot  always  make  as 
good  a  showing,  because  horses  are  often  displaced  as 
well  as  men,  but  a  machine  handling  ten  tons  at  five 
miles  per  hour,  capable  of  working  ten  hours  under  full 
load  70  percent  of  the  time  and  costing  a  trifle  over 
$3-75  per  day  to  operate  and  maintain,  will  accomplish 
much.  On  a  wharf,  horses  were  employed  to  haul  what 
is  termed  "low  down  trucks,"  which  are  low-platform 
flat  wagons  with  small  wheels,  made  in  this  form  for 
convenience  in  loading.  The  load  is  2500  pounds  per 
truck,  and  was  handled  by  a  horse  and  driver.  A  tractor 
here  is  capable  of  replacing  eight  horses  and  eight  men. 

The  single  case  where  the  semi-tractor  is  preferable 
to  the  tractor  is  found  in  handling  long  bulky  material 
when    the    frame   of    the   machine   is   extended    and   a 
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pivoted  cross  arm  attached  on  top  of  the  extension.  The 
material  is  carried  on  two  wheels,  the  ends  resting  rather 
lightly  on  top  of  the  cross  arm,  held  in  place  by  a  strap 
or  chain. 

It  is  quite  easy  for  an  experienced  engineer  to  tell 
whether  a  proposed  installation  will  be  practical  and  a 
good  investment.  The  comparatively  few  failures 
recorded  have  generally  not  passed  beyond  the  demon- 
stration period  and  are  directly  traceable  to  the  incom- 
petency of  salesmen  to  cope  with  engineering  problems 
which  arise.  It  is  doubtful  if  the  usual  salesman  has 
any  place  in  this  work,  as  mechanical  knowledge  and 
ability  are  more  or  less  essential.  The  ramifications  of 
this  field  of  endeavor  are  enormous,  as  it  covers  the  en- 
tire industrial  world.  One  day  it  is  a  complicated  freight 
platform,  involving  the  entire  system  of  checking  as  well 
as  handling  all  sorts  of  merchandise;  then  the  cellar  of 
a  packing  house,  with  its  grea.sy  floors,  crooked  passages 
and  disorder  and  congestion.  The  materials  of  ware- 
houses,   factories,    foundries,    mills,    docks,    wliolesale 


houses,  railroads,  express  companies  and  others  too 
numerous  to  classify  can,  to  a  great  extent,  be  handled 
with  appreciable  saving  by  this  method. 

When  approached,  the  man  at  the  head  of  a  concern 
may  recognize  the  advantages,  but  quite  often  will  say, 
"It  can't  be  done,"  adding  that  he  is  very  familiar  with 
his  conditions.  One  of  the  hardest  things  to  combat  is 
the  prejudice  against  change.  Another  is  the  natural 
antagonism  of  workmen  who  expect  to  be  ousted  and 
arc  not  inclined  to  give  any  machine  a  fair  chance  under 
the  circumstances.  This  is  particularly  bad  during  dem- 
onstration, as  they  will  resort  to  anything  from  shirking 
to  actual  damage  to  the  equii)ment.  Not  only  is  the 
tractor  trailer  method  fast  displacing  the  manual,  electric 
truck  and  lift  truck  method,  but  on  account  of  its  great 
scope  is  also  doing  away  with  conveyors,  industrial  rail- 
roads, and  like  permanent,  expensive  and  inflexible 
equipment.  It  is  not  in  an  experimental  stage,  but  has 
demonstrated  itself  clearly  a  useful,  valuable  servant 
.-ind  has  come  to  stav. 


Charging  Edison  Storage  Batteries 


E.  J.  Ross,  Jr.  -^^ 

Manager  Sales  Engineering  Dcpt., 
Edison  Storage  Battery  Company^: 


EDISON  storage  batteries  may  be  properly  charged  development.      Before   proceeding   with  a   detailed   de- 

by  either  the  constant  current  or  the  tapering  cur-  scription  of  the  chargiij^^ncthods,  a  brief  description  of 

rent  method,  both  systems  being  recommended  by  the  active  materials  useu?and  the  accepted  theory  of  the 

the  manufacturer  with  the  assurance  that  equally  good  electro-chemical  action  of- the  cell  will  undoubtedly  prove 
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results  may  be  obtained  with  cither  method  when  prop-  of  interest  to  tho,se  not  familiar  with  this  type  of  cell. 
erly  used.  The  constant  current  method  of  charging  The  positive  plate  consists  of  perforated  sheet  steel 
was  adopted  first  and  has  been  regularly  used  since  tubes,  nickel-plated  and  filled  \yith  alternate  thin  layers 
1909;  the  tapering  current  method  is  a  relatively  new  of  nickel  hydrate  (active  material)   and  flakes  of  pure 
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metallic   nickel.      The   negative   plate   consists    of    thin  The    Tapering    Current   Method   of    charging,   now- 

rectangular  perforated  sheet  steel  pockets,  nickel-plated     cjuite  extensively  used,  is  deserving  of  careful  consid- 


and  filled  with  iron  oxide  (active  material).  The  elec- 
trolyte consists  of  a  solution  of  potassium  hydrate.  The 
exact  chemical  changes  that  go  on  within  the  cell  during 
charge  and  discharge  are  not  definitely  known.  The 
following  symbolic  representation,  however,  is  quite  gen- 
erally accepted : — 
In  discharge 

3  Fe  -h  8  (OH)   =  Fe,Oi  -|-  4  H,0  (negative) 
6  NiOs  -h  8K  -I-  4  H2O  =  2  NisO,  +  8  KOH  (positive) 
In  recharging 

FeaO,  -I-  8K  +  4  H.O  =  3  Fe  -|-  8  KOH  (negative) 
2  NiaO,  -1-8    OH)   =  6  XiOj  +  4  H2O  (positive 

The  Constant  Current  Method  of  charging  consists 
of  maintaining  a  uniform  charge  rate  throughout  the 
entire  charge  period.  This  uniform  charge  rate  should 
always  be  that  rate  recommended  by  the  manufacturer 
as  normal.  Constant  current  rates  below  normal  are 
not  recommended,  as  ex]ierience  would  indicate  that 
such  rates  do  not  ef- 
fect a  thorough  deoxi- 
dation  of  the  negative 
element.  Low  rates 
of  this  character  will 
in  no  way  afifect  the 
ultimate  life  of  a  cell, 
but  the  voltage  on  the 
subsequent  discharge 
will  be  somewhat  be- 
low normal.  Normal 
charge  and  discharge 
voltage  characteristics 
of  a  cell  when  charged 
by  constant  current 
method  are  shown  in 
Fig.  2.  When  direct 
current  is  available, 
the  usual  garage 
equipment  for  charg- 
ing batteries  by  constant  current  methods  consists  essen- 
tially of  suitable  ampere  and  volt  meters  and  an  adjusta- 
ble rheostat.  In  laying  out  an  equipment  of  this  char- 
acter it  is  wise  to  bear  in  mind  that  high  boosting  rates 
for  short  periods  inay  be  used.  The  following  boosting 
figures  may  be  used  under  normal  conditions : — 

5  minutes  at  five     times  normal  rate 

•  15  minutes  at  four    times  normal  rate 

[  30  minutes  at  three  times  normal  rate 

60  minutes  at  two     times  normal  rate 

The  voltmeter  scale  should  be  such  as  will  record 

the  maximum  line  voltage  ;  and  the  ammeter  scale  should 

be  such  as  will  record  the  maximum  current.    The  ohmic 

resistance  of  the  adjustable  rheostat  may  be  determined 

by  the  following  formula  : — 

Maximum  line  voltage  minus  initial 
battery  voltage 
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eration,  as  numerous  apparent  advantages  may  be  real- 
ized from  its  adoption.  As  might  readily  be  supposed, 
there  is  a  proper  and  an  improper  way  of  using  this 
method.  A  proper  tapering  current  charge  is  one  in 
which  the  average  current  throughout  the  entire  charge 
period  is  equal  to  the  normal  charge  rate  of  the  cell.  An 
improi)er  charge  is  one  in  which  the  average  rate  is 
either  higher  or  lower  than  the  normal  cell  rate.  The 
general  contour  of  a  tapering  current  charging  curve 
will  vary  according  to  whether  fixed  resistance  is  used. 
A  normal  tapering  charge  without  any  fixed  resistance 
in  the  charging  line  is  shown  in  Fig.  3.  This  result  may 
be  obtained  when  the  voltage  across  the  battery  teriui- 
nals  is  equal  to  1.7  times  the  number  of  cells  in  the 
series.  To  allow  for  voltage  loss  in  charging  plugs,  cables 
and  lines,  it  is  common  practice  to  maintain  an  aver- 
age of  1.73  volts  per  cell  at  the  bus-bar  of  the  charging 

line.  If  the  voltage  at 
the  bus-bar  exceeds 
an    average    of     1.73 


volts  per  cell,  a  fixed 
resistance  must  be 
placed  in  the  circuit. 
To  provide  for  possi- 
ble line  voltage  varia- 
tion, and  also  for  the 
effect  of  low  electro- 
lyte temperatures,  it  is 
wise  to  have  this  unit 
built  w  i  t  h  two  or 
more  screw  taps  in 
order  that  adjust- 
ments may  be  made 
should  the  occasion 
ever  require.  These 
taps  should  be  so  lo- 
cated that  an  average 
of  1.75  or  1.77  volts  per  cell  might  be  obtained  at  the 
switchboard  end  of  the  charging  line.  Ohm's  law  is  used 
to  determine  the  amount  of  fixed  resistance.  Assume, 
for  example,  that  it  is  desired  to  charge  a  60  cell 
Type  A-4  battery  from  a  direct-current  line,  the  volt- 
age of  which  is  115  volts  at  the  bus-bars.  Bearing  in 
mind  that  the  normal  charge  rate  for  this  type  is  30 
amperes,  the  proper  resistance  unit  can  be  determined 
as  follows : — 


115  —   (60  X   i^Jl 
30 


^=  0.373  ohms 


Total  resistance  (ohms)  =  Current  in  amperes. 

To  determine  the  initial  battery  voltage  multiply  the 
number  of  cells  by  1.S5. 


It  should  be  borne  in  mind  that  the  proper  ohmic 
resistance  of  a  charging  unit  of  this  character  decreases 
as  the  size  of  cell  to  be  charged  is  increased.  For  ex- 
ample, for  the  above-mentioned  condition,  but  with  a 
Tvpe  A-6  battery,  the  charging  rate  of  which  is  45 
amperes,  the  formula  would  be 

113    —    (60    X     173)  o      I 

i— 3 ^ — ^-^ -^^  =  0.248  ohms 
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This  feature,  if  not  provided  for,  is  liable  to  prove 
troublesome  where  different  size  cells  must  be  charged 
from  the  same  line.  Under  these  latter  conditions  it 
would  be  most  convenient  to  supply  a  variable  type  rheo- 
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FIG.   3 — CURRENT   CURVE    WITHOUT    I'lXED   RESISTANCE 

1.7  \'olts  jier  cell. 

Stat,  each  step  of  which  could  be  marked  fur  the  liattery 
combination  for  which  it  was  designed. 

The  current  characteristics  of  a  cell  when  the  voltage 
at  the  bus-bar  averages  1.84  volts  per  cell  is  shown  in 
Fig.  4,  the  proper  fixed  resistance  being  used.  .\s  the 
amount  of  fixed  resistance  is  increased  the  current  curve 
flattens  out  very  materially. 

The    advantages    claimed    for    the    tapering    current 
method  are  obviously  very  valuable.     First,  hand  rheo- 
stat adjustment  is  eliminated,  thus  effecting  a  savings  in 
garage  labor.     Second,  gassing  and  consequent   evap- 
oration of  the  electrolyte  are  materially  reduced,  thus 
prolonging     the     interval     between     flushing 
periods.     Third,  in  many  cases  the  commer- 
cial watt-hour  battery  efficiency   is  improved 
upon  as  the  watts  dissipated  in  an  adjustable  175 

rheostat  are  utilized.    Fourth,  the  tendencv  to 

"150 

unnecessarily  overcharge  is  very  largely  elim-      ^ 

inated,  as  the  last  part  of  the  charge  is  given       3  ^^^    3 

at  a  comparatively  low  rate,  and  if  a  battery       S  jqq     S 

should  be  left  on  charge  too  lonar  the  waste      ■"  S 

75     "o 
would  be  greatly  reduced.  g         > 

If  an  ampere-hour  meter  is  used,  regard-       t,    50 
less  of  the  method  of  charging  adopted,  the      ^ 
meter  should  be  set  to  operate  20  percent  slow 
on  charge,  as  experience  has  proved  that  i^o  " 

percent  ampere-hour  efficiency  can  readily  l)e 
obtained  in  service. 

One  of  the  most  recent  large  installations 
of    electric    delivery    cars,    the   batteries    of    which    are 
charged  by  tl>e  tapering  current  method,  is  that  of  the 
Ward  Baking  Company  at  East  Orange,   New    fersey. 
This  fleet  cojisists  of  eighty  cars,  all  of  which  were  built 


by  the  Ward  Motor  Vehicle  Company,  of  Mount  Ver- 
non, New  York.     Fifty-two  of  these  cars  have  a  rated 
carrying  capacity  of   1000  pounds,  eighteen  a  carrying 
capacity  of  2000  pounds,  and  the  other  ten  are  of  the 
"\A'ard   Special"   type,   with  a   rating  of   750 
pounds.     All  of  these  batteries  are  equipped 
with   65   cell   Edison   batteries   and   Westing- 
house  motors  and  controllers.     This  company 
manufactures  its  own  direct  current  and  main- 
tains approximately  115  volts  at  the  bus-bar  of 
the  charging  board.    Each  charging  line  is  pro- 
vided with  a  fixed  resistance  unit  of  0.2  ohms 
and  a  short-circuiting  switch  for  each  resist- 
ance unit.    Unfortunately,  the  engine  capacity 
of  this  i)lant  is  not  sufficient  to  permit  of  the 
starting  of  the  charge  with  all  resistance  cut 
out,   consequently   it  has  been   common   prac- 
■^     tice   to   start   the   charge   with    the   resistance 
units  in  circuit  and  to  cut  them  out  after  the 
batteries  have  been  on  charge  for  about  thirty 
minutes. 
This  method  of  charging  has  been  used   from  the 
start,  and  has  proven  to  be  a  great  success.     One  very 
interesting  fact  observed  by  the  garage  attendants  is  that 
the  condition  of  charge  can  be  quite  accurately  deter- 
mined by  the  ammeter  reading.    For  example,  when  the 
current  on  a  65  cell  Type  G-4  battery  falls  to  10  amperes 
it  is  an  indication  to  them  that  the  battery  has  reached 
a  state  of   full  charge.     This  fleet  serves  seventy-two 
routes,  the  average  mileage  of  which  is  twenty-nine,  or  a 
total   of   2088  car-miles   per   day.     The  average   daily 
kw-hr.  input  per  car  is  17.3,  or  a  total  of  1250  kw-hrs. 
W'jien  it  is  considered  that  most  of  the  routes  covered  by 
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1.84  volts  per  cell. 

these  cars  are  quite  hilly,  and  that  no  ].)articular  eflort 
has  been  made  to  economize  on  current  consumption,  it 
will  be  realized  that  this  method  of  charging  automati- 
cally effects  power  economy. 


Battery  Charging  Equipment 


T.  H.  ScHoEPF  and  A.  M.  Candy 

General  Engineers. 

Wcstinglionse  Electric  &  Mfg.  Company 


THE  application  of  equipment  to  be  used  for 
charging  storage  batteries  is  a  problem  subject  to 
many  premises,  and  the  solution  must  of  neces- 
sity be  a  compromise.  In  order  to  understand  thor- 
oughly the  problems  involved  it  is  necessary  to  have  a 
knowledge  not  only  of  the  electrical  characteristics  of 
the  various  types  of  storage  batteries  in  use,  and  of  the 
circumstances  and  conditions  under  which  the  charging 
is  to  be  done,  but  one  must  also  be  acquainted  with  the 
standard  electrical  equipment  available  for  such  appli- 
cations. 

NOMENCL.\TURE 

A  Storage  battery  is  made  up  of  a  number  of  cells, 
each  composed  of  a  glass  or  rubber  jar  containing  a 
number  of  plates  immersed  in  an  electrolyte,  all  plates 
of  like  polarity  being  connected  together  at  the  top  by 
metallic  conductors.  The  term  "battery"  signifies  a 
number  of  cells  connected  together  electrically.  The 
discharge  and  charging  rates  (in  amperes)  of  a  cell  de- 
pend upon  the  size  and  the  number  of  plates  in  that  cell. 

TYPES  OF  B.VTTERIES 

In  general,  there  are  two  distinct  types  of  storage 
batteries  in  use  today,  namely,  the  nickel-iron  (Edison) 
and  the  lead  type.  The  nickel-iron  type  is  an  alkaline 
battery,  as  the  active  elements  consist  of  metallic  plates 
immersed  in  a  dilute  solution  of  potassium  hydroxide 
(caustic  potash).  The  active  material  of  the  positive 
plates  is  peroxide  of  nickel ;  the  active  material  of  the 
negative  plates  is  iron  oxide.  The  lead  type  is  an  acid 
battery,  as  the  active  elements  consist  of  plates  immersed 
in  a  weak  solution  of  sulphuric  acid.  The  active  ma- 
terial of  the  positive  plates  is  peroxide  of  lead,  and  the 
active  material  of  the  negative  plates  is  metallic  spongy 
lead. 

There  are  two  classes  of  lead  batteries,  the  Plante  and 
the  Faure  or  pasted  type,  named  after  their  inventors. 
In  the  Plante  class,  the  active  material  of  the  plates  is 
formed  from  the  integral  lead  of  the  plates,  or  from 
metallic  lead  embedded  in  the  plates,  by  a  cycle  of 
charges  alternating  with  discharges  at  comparatively  low 
rates.  In  the  Faure  or  pasted  class,  the  plates  are  com- 
prised of  strong  alloy  grids  or  frames  in  which  a  paste 
of  the  active  material  is  pressed.  The  electrical  charac- 
teristics of  these  two  classes  of  lead  batteries  are  so  sim- 
ilar that  both  will  be  treated  under  the  general  term  of 
lead  batteries. 

RATING  OF  CELLS 

Storage  battery  cells  for  electric  vehicle  service  are 
rated  on  the  basis  of  the  number  of  amperes  which  they 


will  discharge  continuously  for  a  definite  periotl  of  time, 
ranging  from  three  to  six  hours,  depending  on  the  type 
of  cell,  and  the  service  for  which  it  is  designed.  Cells 
for  stationary  service  and  car-lighting  service  are  usually 
rated  on  the  eight-hour  basis.  Therefore,  if  a  battery 
for  such  service  is  specified  as  having  240  ampere-hours 
capacity,  it  is  customary  to  consider  that  the  rating  is  on 
the  eight-hour  basis,  unless  otherwise  specified. 

In  specifying  lead  cells  by  the  ampere-hour  capacity, 
it  is  necessary  to  know  the  time  basis  of  the  ampere-hour 
rating,  because  the  ultimate  capacity*  of  a  lead  cell  is 
inversely  proportional  to  the  discharge  rate  in  amperes 
or  is  directly  proportional  to  the  length  of  time.  For 
example,  a  certain  lead  cell  is  rated  at  30  amperes  for 
eight  hours,  or  240  ampere-hours.  This  same  cell  may 
be  discharged  at  60  amperes  for  three  hours,  or  only  180 
ampere-hours.  The  ampere-hour  capacity  6f  an  Edison 
cell  is  also  inversely  proportional  to  the  discharge  rate  in 
amperes,  or  is  directly  proportional  to  the  length  of  time 
during  which  the  battery  is  discharged. 

METHODS  OF  CHARGING   BATTERIES 

In  general,  there  are  two  distinct  methods  in  use  for 
charging  both  the  nickel-iron  and  lead  batteries  manu- 
factured for  electric  vehicle  service.  The  first  method, 
and  the  one  most  widely  used  at  the  present  time,  is 
known  as  the  constant  current  method.  The  second 
method,  which  has  only  recently  come  into  use,  is  known 
as  the  constant  potential  method.  There  are  also  two 
other  schemes,  which  are  used  for  battery  charging,  gen- 
erally known  as  the  double  or  multiple  voltage  system 
and  the  fixed  resistance  method.  These  two  schemes, 
however,  are  in  reality  not  distinct  methods,  as  they  are 
merely  modifications  of  the  two  general  methods. 

CONSTANT  CURRENT  CHARGING  CHARACTERISTICS 

Edison  Batteries,  in  the  constant  current  system,  are 
charged  at  a  constant  current  rate  for  the  entire  charg- 
ing period  by  frequent  adjustments  of  the  impressed 
voltage.  The  normal  charging  rate  for  an  Edison  bat- 
tery is  the  same  as  the  normal  discharge  rate  in 
amperes.  The  length  of  time  required  to  completely 
charge  the  battery  depends  upon  the  state  of  discharge 
prior  to  the  charging  period.  A  battery,  which  has  only 
been  partially  discharged  prior  to  the  charging  period, 
should  be  charged  at  the  normal  rate  until  the  voltage 
remains  approximately  constant  for  a  period  of  about 
30  minutes.  An  Edison  battery  may  be  boosted  at  rates 
higher  than  normal  for  short  periods  of  time,  providing 


*See  article  by  Mr.  J.  H.  Tracy,  Fig.  I,  p.  17. 
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the   temperature   of   the   battery   does   not   exceed    115     tem,  as  the  energy  demand  at  the  start  of  tlie  charging 


degrees  F. 

Lead  Batteries  manufactured  for  electric  vehicle 
service  are  usually  charged  at  a  fixed  rate  (known  as 
the  starting  rate)  until  the  battery  begins  to  gas  or 
bubble  and  the  battery  voltage  has  reached  a  certain 
value ;  then  the  current  is  reduced  to  another  fixed  rate 
(known  as  the  finishing  rate),  at  which  it  is  maintained 
until  the  specific  gravity  of  the  electrolyte  ceases  to  rise. 
The  length  of  time  required  for  the  charge  depends  upon 


This   system   has   two   inherent 


period    is    very    high, 
virtues : — 

First — High  efficiency. 

Second — All  charging  embodies  ideal  boosting  characteris- 
tics or,  to  express  it  differently,  a  ma.\imum  charge  may  be  put 
into  the  battery  witliin  a  given  time. 

To  charge  an  Edison  battery  by  the  constant  poten- 
tial method,  the  battery  should  have  impressed  upon  its 
terminals  a  potential  corresponding  to  1.7  volts  per  cell.t 
under  which  conditions  the  charging  current  through  the 


the  state  of  discharge  of  the  battery  prior  to  the  charg-     battery  will  taper  from  a  high  current  at  start  to  a  lo 

current  at  the  finish  of  the  charge.  The  length  of  time 
required  to  charge  an  Edison  battery  by  this  method 
depends  upon  its  state  of  discharge  prior  to  the  charging 
period.  When  the  charging  current  ceases  to  decrease 
appreciably  and  remains  approximately  constant  for  a 
period  of  30  minutes  to  one  hour,  the  charge  is  complete. 

To  charge  a  lead  battery  by  the  constant  potential 
method,  the  battery  should  have  impressed  upon  its  ter- 
minals a  potential  of  2.3  volts  per  cell.t  The  current 
flowing  through  the  battery  will  start  at  a  very  high 
rate  and  taper  to  a  lower  rate. 

There  are  many  advantages  derived  from  the  con- 
stant potential  method  of  charging,  among  which  are, 
the  reduction  in  evaporation,  the  elimination  of  hand 
adjustment  of  series  rheostats,  the  elimination  of  the 
tendency  to  overcharge,  and  an  increase  in  the  commer- 
cial watthoiu-  efficiency  of  the  battery. 

FIXED    RESISTANCE   CHARGING    CHARACTERISTICS 

Either  type  of  battery  may  be  charged  by  means  of 
a  fixed  resistance  connected  in  series.     If  the  maximum 


FIG.    I — B.\TTERY   CHARGING   OUTFIT 

This  equipment  is  located  in  the  show  window  of  the 
Peoples  Garage  &  Auto  Livery  Company,  Chicago,  111.,  as  a 
special  advertising  feature.  One  set  is  composed  of  a  2$  kw, 
125  volt  generator  and  a  38  hp,  three-phase,  60  cycle,  220  volt 
induction  motor;  the  other  of  a  50  kw  generator  and  a  75  hp 
motor.  Each  generator  circuit  is  provided  with  a  circuit  breaker 
having  an  underload  release  attachment.  Twenty-seven  of  the 
thirty  battery  charging  rheostats  are  each  designed  to  charge  a 
42  cell  battery  at  a  rate  varying  from  22  to  5  amperes ;  the 
other  three  are  designed  for  charging  a  42  cell  lead  battery  at  a 
rate  varying  from  45  to  18  amperes. 

ing  period.  An  Ironclad-Exide  battery  (if  completely 
discharged)  will  require  about  five  hours  at  the  starting 
rate  and  two  hours  at  the  finishing  rate  in  order  to  com- 
pletely charge  the  battery.  If  the  battery  has  been  only 
partially  discharged,  the  length  of  time  required  for 
charging  will  be  reduced. 

Lead  batteries  manufactured  for  electric  vehicle 
service  may  be  boosted  at  high  rates  for  short  periods  of 
time,  depending  upon  the  ampere-hours  out  of  the  bat- 
teries.* The  only  limitations  upon  the  rate  at  which  a 
lead  battery  may  be  charged  are,  that  the  rate  must  not 
be  maintained  at  a  value  sufficiently  high  to  gas  the  bat- 
tery unduly  or  increase  the  temperature  of  the  elec- 
trolyte above  no  degrees  F. 

Lead  batteries  used  in  stationary  and  car-lighting 
service  are  usually  charged  at  a  rate  corresponding  to 
the  eight-hour  discharge  rate  of  the  battery.  At  this 
rate  about  nine  hours  are  required  to  completely  charge 
a  fully  discharged  battery.  Such  batteries  may,  how- 
ever, be  charged  at  higher  rates  within  the  gassing  and 
temperature  limits,  as  mentioned  above. 

CONSTANT    POTENTIAL   CHARGING   CHARACTERISTICS 

In  the  constant  potential  system  the  two  types  of 
batteries  require  charging  equipments  of  greater  ca- 
pacities than  are  required  for  the  constant  current  sys- 
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FIG.  2 — BATTERY  CH.\RGING  BOARD 

Of  the  Ranch  &  Lang  Electric  Car  Company,  St.  Paul,  Minn. 
Each  rheostat  is  designed  for  charging  40  to  42  lead  cells  at 
rates  varying  from  30  to  S  amperes.  Each  of  the  twenty  bat- 
tery charging  circuits  is  provided  with  a  pilot  light  to  indicate 
when  the  circuit  is  in  use. 

battery  counter  electromotive-force  is  approximately 
equal  to  the  line  potential,  then  this  method  of  charg- 
ing will  approach  very  closely  to  the  characteristics  of 
the  constant  potential  method.     If  the  ma.ximum  bat- 


*See  Fig.  4  of  tlie  article  by  Mr.  J.  H.  Tracy,  p.  19,  this  issue. 


tSee  Fig.  3  of  the  article  by  Mr.  E.  J.  Ross,  p.  27,  this  issue. 
iSee  Fig.  6  of  the  article  by  Mr.  J.  H.  Tracy,  p.  20,  this  issue. 
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tery  counter  e.m.f.  is  low  compared  with  the  Hne  poten- 
tial, the  charging  current  will  not  vary  over  such  a  wide 
range  and  will  approach  the  characteristics  of  the  con- 
stant-current charging  method.  In  other  words,  the 
range  of  variation  in  the  charging  current  is  inversely 
proportional  to  the  diiiference  between  the  maximum 
counter  e.m.f.  of  the  battery  and  the  potential  of  the 
supply  circuit. 

CHARGING   STORAGE   BATTERIES   IN    SERIES 

The  practice  of  connecting  storage  batteries  in  series 
for  charging  is  so  hazardous  that  this  question  will  be 
given  only  sufficient  con- 
sideration to  point  out  the 
dangers  usually  involved. 
In  order  to  fulfill  all  the 
requirements  of  the  best 
battery  charging  practice, 
Ijattcries  should  never  be 
charged  in  series  unless 
all  of  them  are  composed 
of  the  same  type,  size  an  i 
capacity  of  cells,  and  fur- 
ihcrmore,  all  of  the  bat- 
teries are  in  the  same  state 
of  discharge.  For  instance, 
if  a  single  battery  is  com- 
prised of  two  groups  of 
cells,  each  group  consist- 
ing of  a  number  of  cells  in 
series  and  the  two  groups 
are  connected  together  in 
parallel  when  discharging, 
then  the  two  groups  may 
be  connected  in  series  for  charging  without  serious  re- 
sults. If  a  number  of  batteries,  which  are  identically  the 
same  (namely,  the  same  type,  size  and  capacity  of 
cells),  but  in  various  states  of  discharge,  are  to  be  con- 
nected in  series  for  charging,  particular  attention  must 
be  given  to  those  batteries  which  have  been  used  least,  so 
that  they  will  not  be  overcharged.  If,  however,  the  bat- 
teries connected  in  series  are  of  the  same  type,  but  have 
cells  of  different  capacities,  then  the  charging  rate  will 
be  either  too  high  or  too  low  for  some  of  the  batteries. 
A  battery  of  any  type  will  not  only  be  injured  if  charged 
at  too  high  a  rate,  but  also  will  not  develop  full  rated 
capacity  if  charged  at  too  low  a  rate. 

A  great  many  garages  charge  small  batteries  con- 
nected in  series.  This  can  only  be  explained  in  one  of 
two  ways.  Either  the  dangers  involved  are  not  fully 
understood  and  appreciated,  or  the  additional  cost  of 
maintenance  and  depreciation  for  such  small  batteries 
(when  charged  in  series)  is  not  considered  as  warrant- 
ing the  investment  of  capital  in  apparatus  required  for 
charging  them  separately,  which  also  may  actually 
increase  the  cost  of  power  required  for  charging  the 
batteries.  It  is  evident,  therefore,  that  the  battery 
manufacturers  and  the  manufacturers  of  charging 
equipment  must  hesitate  to  assume  any   responsibility 
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for  charging  miscellaneous  batteries  connected  in  series, 
except  in  special  cases,  wherein  all  of  the  charging  con- 
ditions and  types  of  batteries  to  be  charged  are  known. 

CHARGING    BATTERIES    IN    PARALLEL 

Batteries  charged  in  parallel,  or  any  battery  com- 
prised of  two  or  more  groups  of  cells  connected  in 
parallel,  or  any  battery  which  must  be  broken  up  into 
two  or  more  parallel  groups  for  charging,  should  be  pro- 
vided with  an  individual  resistance  or  rheostat  for  each 
group  of  cells  connected  in  series,  when  charged  by  the 
constant  current  method,  with  the  following  excep- 
tions : — 

An  Ironclad  Exide,  or  an  Edison  battery  com])osed 
of  a  number  of  cells  normally  discharged  in  series,  may 
be  broken  up  into  two  or  more  groups  of  cells,  said 
groups  to  be  connected  in  parallel  for  charging.  If  all 
of  the  groups  are  composed  of  the  same  number  of  cells, 
the  groups  may  be  charged  in  parallel  either  direct  from 
a  suitable  generator  or  by  means  of  a  suitable  series 
rheostat  when  power  is  obtained  from  a  con.stant  poten- 
tial line.  Likewise,  if  either  of  these  types  of  batteries 
arc  composed  of  a  number  of  groups  of  cells,  the  groups 
being  connected  in  parallel  when  discharging,  then  these 
groups  may  be  charged  in  parallel,  as  explained  above, 
or  the  groups  may  be  reconnected  in  series  for  cliarging 
in  the  usual  manner. 

APPARATUS  FOR  CONSTANT-CURRENT  CHAKGl.NG 

.Ml  Edison  batteries  can  be  charged  at  the  usual  rates 
by  a  potential  varying  from  1.5  to  2.2  volts  per  cell,  and 
all  lead  batteries  can  be  charged  at  the  usual  rates  by  a 
potential  varying  from  2.1  to  2.7  volts  per  cell  (at  ordi- 
nary temperatures),  regardless  of  the  class  (Plante  or 
P'aure)  to  which  they  belong. 

If  direct-current  service  of  1 10  volts  is  available, 
Edison  batteries  of  60  cells  or  less,  and  lead  batteries  of 
40  cells  or  less,  may  be  charged  from  the  line  Ijy  means 
of  a  rheostat  in  series  with  each  battery.  If  direct- 
current  service  of  220  volts  or  higher  is  available,  it  is 
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FIG.  4 — B.\TTERY  CHARGING  RHEOST.\T 

Designed  for  switchboard  mounting  on  charging  iiancl. 
usually  advisaljle  to  install  a  motor-generator  set.  If 
alternating-current  service  only  is  available,  then  a 
motor-generator  set,  or  one  mercury  arc  rectifier  for 
each  battery,  must  be  installed.  If  one  battery  only  is 
to  be  charged,  and  if  the  voltage  of  the  generator  can 
be  adjusted  over  a  sufficient  range  (by  means  of  the 
generator  field  rheostat),  then  no  series  rheostat  is  re- 
quired, as  the  charging  current  can  be  maintained  at  the 
proper  value  by  adjusting  the  generator  voltage.  If  a 
mercury  arc  rectifier  is  used  for  charging  the  battery,  the 
current  can  be  maintained  at  the  proper  value  by  adjust- 
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uients  of  the  rectifier  control  dials  without  the  use  of  a 
series  rheostat.  If  a  large  number  of  batteries  are  to 
be  charged  by  a  motor-generator  set  or  by  a  direct- 
current  generator,  then  series  rheostats  must  be  pro- 
vided, one  rheostat  being  required  for  each  charging 
circuit. 

When  selecting  a  generator  or  a  motor-generator  set 
and    charging    switchlioard     for    the    constant-current 


FIG.   5— TYPICAL   MOTOR-GENERATOR   SET   FOR  BATTERY    CHARGING 

method  of  charging,  there  are  a  number  of  points  which 
must  be  given  careful  consideration. 


lis  connected  in  series,  of  which  each 
determine  the  voltage  of   the  gcner- 


I — The  number  of 
battery  is  composed,  v 
ator. 

2 — The  maximum  and  minimum  charging  rates  required 
for  each  battery  and  the  total  number  of  batteries  to  be  charged 
at  the  same  time,  will  determine  the  ampere  capacity  of  the 
generator. 

3 — The  maximum  charging  rates  of  the  individual  batteries 
will  determine  the  capacity  of  the  apparatus  for  each  charging 
circuit. 

4 — The  total  number  of  batteries  to  be  charged,  or  the 
total  number  of  batteries  to  be  charged  at  one  time,  will  deter- 
mine the  number  of  charging  circuits  and  rheostats  required  for 
the  switchboard. 

5 — Is  reverse-current  protection  in  the  form  of  a  low- 
voltage  release  circuit  breaker  desired  for  each  charging  cir- 
cuit, or  for  the  main  line  or  generator  circuit  only? 

6 — Is  reverse-current  protection  in  the  form  of  a  low- 
voltage  release  circuit  breaker  and  a  sensitive*  reverse  current 
relay  or  sensitive*  reverse-current  mechanism  desired  for  each 
charging  circuit,  or  for  the  main  line  or  generator  circuit  only? 

7 — Is  it  desirable  to  have  any  or  all  charging  circuits 
equipped  with  apparatus  which  will  automatically  terminate  the 
charge  of  each  battery? 

8 — Is  it  desirable  to  provide  equipment  whereby  the  motor- 
generator  set  will  be  disconnected  from  the  supply  circuit  when 
the  charging  of  the  batteries  is  terminated  either  by  hand  or 
automatically? 

9 — Is  it  desirable  to  provide  equipment  whereby  the  motor- 
generator  set  will  be  disconnected  from  the  supply  circuit  upon 
the  complete  or  partial  failure  of  the  power  supply? 

ID — Is  it  desirable  to  have  a  watthour  meter  in  each  charg- 
ing circuit? 

II — Is  it  desirable  to  have  each  charging  circuit  protected 
by  fuses,  or  by  a  single-pole  circuit  breaker  and  one  fuse?  In 
this  case  the  circuit  breaker  will  protect  one  side  of  the  charg- 
ing circuit  and  the  fuse  will  protect  the  other  side. 

12 — Is  a  single-pole  or  a  double-pole  switch  required  for 
each  charging  circuit? 

13 — Is  it  desirable  to  have  the  main  line  or  generator  cir- 
cuit protected  by  fuses,  or  a  circuit  breaker? 

14 — What  is  the  maximum  permissible  distance  that  the 
switchboard  may  be  mounted  from  the  wall,  or  objects,  imme- 
diately behind  the  switchboard? 

It  is  evident  that  the  information  involved  in  para- 
graphs (i)  and  (2)  will  determine  the  capacity  of  the 
generating  equipment.    For  some  installations  more  than 

*One  functioning  almost  independently  of  variations  of  the 
line  potential. 


one  generator  or  motor-generator  outfit  will  be  recjuired, 
either  because  of  the  large  total  capacity  necessary,  or 
because  more  economical  operation  may  be  obtained 
from  several  units,  having  a  combined  capacity  equal  to 
the  total  capacity  required.  The  initial  cost  and  subse- 
quent economy  and  convenience  of  operation  of  an  in- 
stallation is  influenced  to  a  marked  degree  by  the  selec- 
tion of  the  proper  switchboard  and  equipment  as  in- 
volved in  paragraphs  (3)  to  (14),  inclusive. 

The  selection  of  the  proper  charging  rheostats  is 
one  of  the  points  often  given  the  least  consideration,  and 
yet  this  is  second  only  in  importance  to  the  selection  of 
the  generating  equipment,  as  on  this  feature  not  only 
the  economical  and  satisfactory  operation  of  the  installa- 
tion, but  also  a  considerable  proportion  of  the  first  cost 
of  the  switchboard  equipment,  is  dependent.  If  each  of 
the  rheostats  has  characteristics  best  suited  for  charging 
a  battery  of  a  certain  capacity  and  a  number  of  cells, 
then  the  rheostats  will  average  about  25  percent  of  the 
total  cost  of  the  switchboard.  If  the  rheostats  have  uni- 
versal characteristics  suitable  for  charging  batteries  of 
widely  differing  capacities  and  numbers  of  cells,  they 
may  represent  as  high  as  50  to  75  percent  of  the  total 
cost  of  the  switchboard.  Again,  if  the  rheostats  are  de- 
signed for  charging  the  batteries  at  unusually  low  or 
abnormally  high  rates,  their  cost  fel  be  proportionally 
higher  than  normal.  If  their  charMeristics  necessitate 
the  use  of  a  large  number  of  gi'ids.Tftp  space  available 
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In  use  by  the  Pennsylvania  Railroad  Company.  Xoru;  1  inn- 
delphia  Pa.  There  are  ten  battery  charging  circuits.  Each 
rheostat  is  designed  for  charging  twelve  lead  cells  at  38  amperes 
start  and  16  amperes  finish,  and  also  twenty-one  hdison  cells  at 
4S  to  90  amperes,  inclusive. 

behind  the  switchboard  may  necessitate  mounting  the 
frames  of  resistors  in  two  tiers.  This,  also,  may  necessi- 
tate the  use  of  a  blank  section  mounted  either  above  or 
below  each  charging  section  to  accommodate  the  assem- 
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bly  of  the  resistor  frames  behind  the  panels.  Thus  the 
size  and  cost  of  the  switchboard  will  be  materially  in- 
creased. For  example,  assume  a  rheostat  for  a  battery 
of  24  to  44  lead  cells,  or  40  to  60  Edison  cells,  requiring 
charging  rates  varying  from  50  to  10  amperes  based  on  a 
line  potential  of  115  volts.  Such  a  rheostat  will  require 
82  five-inch  grids,  assembled  in  four  frames,  each  frame 
being  approximately  24  inches  long.     If  the  frames  are 


FIG.  7 — B.MTERV  CH.\RGING  OUTFIT 

Of  the  Adams  E.xpress  Company,  Union  Station,  Washington, 
D.  C.  This  board  controls  two  motor-generator  sets  of  100 
kilowatt  capacity  with  three-phase,  60  cycle,  2200  volt  induction 
motors.  The  generators  are  operated  in  parallel.  Each  battery 
charging  circuit  is  provided  with  a  pilot  light  which  indicates 
when  it  is  in  use.  A  five-point  switch  is  connected  to  the 
charging  rheostat  of  each  circuit  in  lieu  of  the  customary  fac 
plate,  the  rheostats  being  designed  for  charging  rates  varyiiiL 
from  50  to  100  amperes. 

mounted  end  to  end,  and  are  assembled  behind  the 
switchboard,  the  distance  from  the  rear  of  the  panel  to 
the  rear  of  the  supporting  frame  work  of  the  rheostats 
will  be  approximately  seven  feet.  If,  however,  the  four 
frames  are  mounted  in  two  tiers  (one  tier  above  the 
other)  of  two  frames  per  tier,  then  the  distance  from 
the  rear  of  the  panel  to  the  rear  of  the  rheostat  frame- 
work will  be  approximately  four  feet.  In  this  case, 
however,  the  height  of  each  rheostat  is  greater  than  the 
height  of  a  12  inch  charging  section,  and  hence  it  will 
be  necessary  to  mount  a  blank  section  immediately 
above  or  below  such  a  charging  section,  so  that  the  rheo- 
stat may  be  assembled  behind  the  switchboard  panel. 

Assume,  for  an  additional  example,  a  rheostat  de- 
signed to  charge  24  to  26  lead  cells  only,  requiring  a 
charging  rate  of  30  amperes  at  the  start  and  12  amperes 
at  the  finish.  In  this  case  a  distance  of  only  three  feet  is 
required  from  the  rear  of  the  panel  to  the  rear  of  the 
rheostat  frame  work ;  whereas,  if  the  rheostat  is  de- 
signed for  40  to  44  lead  cells  only,  the  distance  required 
is  but  two  feet 

If  an  installation  involves  the  charging  of  a  large 
number  of  batteries  which  are  identically  the  same,  the 


selection  of  the  e(|ui])ment  is  quite  simple.  If,  however, 
the  batteries  to  be  charged  are  of  various  types,  capaci- 
ties and  number  of  cells,  the  selection  of  the  proper 
charging  equipment  becomes  more  comphcated.  An 
individual  charging  circuit  may  be  provided  for  each 
battery,  with  a  rheostat  designed  for  that  battery.  If 
there  are  only  a  few  types  of  batteries  and  several  bat- 
teries of  each  type  and  capacity,  and  if  it  is  not  neces- 
sary to  charge  them  all  at  once,  a  smaller  number  of 
rheostats  will  be  required.  For  public  garages,  where 
batteries  of  unknown  capacities  are  to  be  charged,  the 
most  flexible  operation  would  be  obtained  by  the  use 
of  universal  rheostats  designed  for  batteries  of  widely 
differing  numbers  of  cells  and  charging  rates.  The 
initial  cost  of  the  installation,  however,  will  be  less  if 
the  circuits  are  provided  with  various  rheostats,  each 
designed  for  a  specific  battery. 

APPARATUS    FOR    CONSTANT-POTENTIAL    CHARGING 

As  stated  above,  the  proper  potential  for  charging 
an  Edison  battery  by  the  constant-potential  method  is 
1.7  volts  per  cell;  whereas  for  a  lead  battery  the  proper 
potential  is  2.3  volts  per  cell.  If  direct-current  service 
of  1 10  volts  is  available,  an  Edison  battery  comprised  of 
63  to  66  cells  may  be  charged  directly  from  the 
line.  If  the  battery  is  of  less  than  63  cells,  then  a 
rheostat,  fixed  resistance  or  a  motor-generator  set 
will  be  required.  A  lead  battery  of  48  cells  may  be 
charged  directly  from  the  line.  If  the  lead  battery 
is  of  less  than  48  cells,  then  a  rheostat,  fixed  resistance 
or  a  motor-generator  set  may  be  used ;  or  counter 
e.m.f.  coIU  inav  lie  rnnncctcfl  in  scries  with  the  battery. 
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FIG.  8 — B.-\TTERV   CH.-\RGING  B0.\RU 

Of  the  Stillam-Brown  Estate,  Toledo,  Ohio.  This  switch- 
board controls  two  motor-generator  sets  of  36  kilowatts  each 
and  one  set  of  1.2  kilowatts.  Each  of  the  larger  generators  is 
designed  for  an  inherent  compounding  of  70  to  77  volts,  no  load 
to  full  load,  and  125  to  no  volts,  no  load  to  full  load,  obtained 
by  manipulating  the  shunt  field  rheostat.  Any  charging  circuit 
can  be  switched  to  either  of  the  two  sets  of  bus-bars  receiving 
power  from  either  of  the  36  kilowatt  generators,  as  shown  in 
Fig.  10,  thus  providing  for  double-voltage  charging.  This 
switchboard  and  motor-generator  equipment  incorporate  all 
the  advantages  of  the  double-voltage  and  constant-potential 
methods  of  charging.  Each  rheostat  is  designed  for  chargmg 
thirty  lead  cells  at  rates  varying  from  40  to  5  amperes  based  on 
a  potential  varying  from  120  to  70  volts,  and  is  also  arranged  to 
be  short-circuited  for  constant-potential  charging  at  a  continu- 
ous rate  of  100  amperes  or  a  momentary  rate  of  150  amperes. 
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The  number  of  counter  e.m.f.  cells  required  can  be  cal- 
culated on  the  basis  of  2.3  volts  per  storage  cell,  and 
three  volts  per  counter  e.m.f.  cell.  Thus,  a  30  cell  lead 
battery  at  2.3  volts  per  cell  has  a  counter  e.m.f  of 
69  volts,  and  therefore,   for  a   no  volt  line  we  have 

1 1 0-09  _       2^  or  14  counter  e.m.f.  cells.    If  alternating- 

3 
current  service  only  is  available,  then  a  motor-gener- 
ator set  must  be  used,  because  a  rectifier  will  not  have 
sufficient  capacity    for  charging  most  batteries  by   the 
constant  potential  method. 

To  complete  the  charge  of  a  battery  in  a  minimum 
length  of  time  it  is  necessary  to  hold  the  charging  cur- 
rent constant  at  the  finishing  rate  for  a  lead  battery,  or 
at  the  normal  rate  for  an  Edison  battery  after  the  cur- 
rent has  decreased  to  that  rate.  A  lead  battery  having 
been  previously  discharged  will  be  charging  at  the  finish- 
ing rate  at  the  end  of  about  3.5  hours  after  having  been 
connected  to  the  constant-potential  line.  In  order  to 
maintain  the  current  at  the  finishing  rate,  it  is  necessary 
to  gradually  increase  the  potential  across  the  battery. 

When  selecting  a  motor-generator  set  and  charging 
switchboard  for  the  constant-potential  method,  there  are 
a  number  of  points  which  must  be  given  careful  con- 
sideration. 

I — The  number  of  cells  in  series,  of  whicli  each  battery  is 
comprised,  will  determine  the  generator  voltage. 

2 — The  rated  capacity  in  amperes  of  the  batteries,  and  the 
sequence  or  cycle  of  connecting  the  batteries  to  the  charging 
circuits,  will  determine  the  ampere  capacity  of  the  generator 
and  also  the  capacity  of  the  apparatus  on  the  switchboard. 

3 — Is  it  desirable  to  charge  the  batteries  in  a  minimum 
length  of  time  by  raising  the  potential  across  each  battery  when 
the  charging  current  has  decreased  to  the  proper  rate? 

It  will  also  be  necessary  to  consider  the  questions  in  para- 
graphs (5)  to  (14),  inclusive,  given  under  "Apparatus  for  Con- 
stant Current  Charging." 

Where  it  is  desirable  to  raise  the  voltage  of  the 
charging  circuits,  in  order  to  complete  the  charging  of 
the  batteries  in  a  minimum  length  of  time,  it  will  be  nec- 
essary to  supply  a  rheostat  for  each  charging  circuit,  so 
that  the  charging  current  may  be  held  constant  at  the 
proper  rate  after  the  current  through  each  battery  has 
decreased  to  this  rate.  Unless  the  time  available  is  suf- 
ficient and  the  conditions  are  such  that  the  same  gener- 
ator can  be  operated  at  a  higher  voltage  for  finishing  the 
charging  of  the  batteries,  then  two  or  more  generating 
units  will  be  required.  Part  of  the  generators  will  be 
operated  at  the  normal  potential  and  the  remainder  at 
the  higher  voltage  required  for  finishing  the  charge. 
Switches,  fuses,  circuit  breakers  and  meters  for  the 
constant-potential  method  of  charging  must  be  of  suf- 
ficient capacity  to  carry  the  large  current  which  will 
flow  into  a  completely  discharged  battery. 

APPARATUS  FOR  DOUBLE  OR  MULTIPLE  VOLTAGE  CHARGING 

Double  or  multiple  voltage  charging*  is  not  a  dis- 
tinct method  of  charging,  but  is  a  modification  of  the 
other  methods.  It  involves  the  use  of  two  or  more  gen- 
erators   operated    independently    at    diiiferent    voltages. 


The  charging  switchboard,  in  this  case,  is  provided  with 
a  common  positive  or  negative  bus-bar  and  an  individual 
negative  or  positive  bus-bar,  respectively,  for  each  gen- 
erator. 

To  provide  the  most  flexible  equipment,  each  charg- 
ing circuit  should  be  provided  with  switches,  whereby 
the  battery  connected  to  that  circuit  may  be  switched  to 
any  one  of  the  generator  circuits.  There  are  cases,  how- 
ever, when  it  is  not  necessary  to  provide  such  switching 
equipment  for  each  charging  circuit,  and  hence  switching 
equipment  is  provided  whereby  all  of  the  charging  cir- 
cuits on  a  single  panel  may  be  switched  as  a  unit  to  the 
various  generator  circuits.  The  former  scheme  will  re- 
sult in  a  minimum  loss  in  the  charging  rheostats,  as  the 
various  batteries  may  be  charged  on  the  voltage  best 
suited  to  their  requirements.  Such  a  scheme  is  particu- 
larly desirable  when  a  number  of  batteries  are  charged 


*See  article  by  Mr.  T.  H.  Schoepf  in  the  Journ.m,  for  June, 
P-  S23. 


KIG.  9 — AU.XILl.^RV   BOARD  TO  THAT   SHOWN  IN   KIO.  8 

The  left-hand  panel  is  designed  so  that  a  battery  may  be 
charged  from  one  of  the  36  kilowatt  generators  or  so  that  the 
battery  may  be  discharged,  thus  providing  for  forming  and 
treating  new  batteries  or  old  batteries  which  have  been  refilled 
with  new  elements.  The  right-hand  panel  is  designed  for 
charging  and  discharging  ignition  and  lighting  batteries,  power 
being  received  from  the  1.2  kilowatt  generator.  Each  rheostat 
is  designed  for  charging  two  lead  cells  at  rates  varying  from 
20  to  2  amperes  on  a  potential  varying  from  30  to  20  volts,  and 
so  that  it  may  be  entirely  short-circuited  for  the  constant- 
potential  method  of  charging  at  rates  of  30  amperes  and  lower. 
The  batteries  may  be  discharged  through  the  same  equipment. 
All  charging  circuits  in  Figs.  8  and  9  are  provided  with  a 
spring  return,  single-pole,  doublc-tlirow  transfer  switch  with 
autoinatic  voltage  contacts,  whereby  the  charging  or  discharging 
voltage  of  any  battery  will  be  indicated  when  the  ammeter 
switch  is  thrown  to  connect  the  battery  ammeter  in  any  battery 
circuit. 

by  the  constant-potential  method  and  have  the  charging 
rate  maintained  constant  at  the  proper  rate,  when  the 
current  through  the  battery  has  decreased  to  that  value. 
Such  a  scheme  will  also  reduce  to  a  minimum  the  num- 
ber of  counter  e.m.f.  cells  required  for  batteries  of  small 
niuiibers  of  cells. 
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APPARATUS   FOR   FIXED   RESISTANCE   CHARGING 

This  system  of  charging  is  usually  used  only  in 
isolated  cases,  where  but  one  or  two  batteries  are  to  be 
charged  without  the  attention  of  a  skilled  attendant. 
The  scheme  is  used  for  isolated  lighting  plant  batteries 
and  for  boosting  batteries  on  storage  battery  locomotives 
where  it  is  desirable  to  mount  the  resistance  on  the  loco- 
motive and  it  is  not  desirable  or  practical  to  have  an 
adjustable  rheostat. 

The  proper  fixed  resistance  to  be  selected  for  charg- 
ing a  battery  is  dependent  upon  a  great  many  conditions, 
and  the  method  at  best  is  only  a  compromise  between 
the  constant-current  and  the  constant-potential  methods 
of  charging,  as  it  possesses  neither  the  flexibility  of  the 
former  nor  the  efficiencv  of  the  latter. 


become  constant  as  indicated  by  three  hydrometer  read- 
ings, taken  one-half  hour  apart.  The  function  of  the 
equalizing  charge  is  to  convert  that  portion  of  the  lead 
sulphate  normally  formed  by  the  various  discharges, 
which  has  not  been  converted  to  lead  peroxide  by  the 
regular  charges.  Charging  installations  for  lead  batteries 
should  include  equipment  necessary  for  the  equalizing 
charges. 

The  potential  required  for  equalizing  a  lead  battery 
is  inversely  proportional  to  the  temperature  and  the  age 
of  the  battery.  At  temperatures  between  90  and  70 
degrees  F.,  it  will  vary  from  2.6  to  2.7  volts  per  cell. 

FORMING    AND    TREATING    BATTERIES 

A  garage  which  is  properly  and  comijletely  equipped 
for  repairing  as  well  as  for  charging  batteries  will  have 


FIO.    10 — m.\GR.\M    OF    COXNECTIONS 

A  proper  fixed  resistance  for  a  battery  depends 
upon : — 

I — The  number  of  cells  to  be  charged  in  scries. 

2 — The  potential  of  the  line. 

3 — The  state  of  discharge  of  the  battery  when  charged 
through  the  fixed  resistance. 

4 — The  rate  at  which  the  battery  is  to  be  charged. 

5 — The  length  of  time  the  charge  is  to  be  continued. 

6 — The  position  and  location  of  the  resistance. 

This  type  of  charging  is  used  extensively  in  isolated 
plants  where  the  battery  is  broken  up  into  two  equal 
parallel  groups  of  cells  for  charging.  In  this  case  a 
separate  fixed  resistance  is  regularly  provided  for  each 
half  of  the  battery. 

EQUALIZING    LEAD    BATTERIES 

A  lead  battery  of  any  type  must  be  given  an  equaliz- 
ing charge  at  least  once  every  two  weeks  regardless  of 
the  method  used  for  regular  charging.  The  equalizing 
charge  must  be  given  after  a  regular  charge  and  should 
be  maintained  at  a  rate  not  greater  than  the  finishing 
rate,  and  preferably  at  about  one-half  that  value.  It 
should  be  continued  for  a  period  of  from  two  to  four 
hours,  or  until  the  specific  gravity  of  the  electrolyte  has 


or  BOARDS  SHOWN  IN  FIGS.  8  and  9 
apparatus  whereby  both  Edison  and  lead  cells  may  be 
formed  or  treated.  After  new  elements  are  placed  in 
lead  or  Edison  cells,  these  elements  can  be  gotten  into  a 
state  of  full  charge  or  capacity  only  by  a  series  of 
charges  and  discharges  at  exceptionally  low  rates  until 
the  cells  begin  to  show  capacity.  As  the  capacity  is 
built  up,  the  charging  and  discharging  rates  are  grad- 
ually increased  until  the  cells  are  in  a  normal  state. 
Such  a  process  is  known  as  forming  or  treating.  It 
is  evident  that  each  charging  circuit,  which  is  also  to  be 
used  for  forming  batteries,  must  be  provided  with  a 
rheostat  designed  for  charging  and  discharging  a  bat- 
tery, not  only  at  the  normal  rates,  but  also  at  the  very 
low  rates  required.  Additional  switching  equipment  is 
r'.lso  required  to  provide  for  both  the  discharging  and 
charging  functions.  The  discharging  function  may  be 
readily  provided  for  standard  battery  charging  switch- 
boards. 

PROTECTIVE  AND  AUXILIARY  METER  EQUIPMENT 

Circuit  Breaker  Protection — For  large  installations 
!t  is  not  customary  to  provide  circuit  breakers  for  over- 
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load  protection,  fexcept  -for  the  main  line  or  generator 
circuits.  However,  standard  switchboard  equipment  can 
be  provided  with  automatic  overload  circuit  breakers  for 
the  individual  charging  circuits.  When  circuit  breakers 
are  provided  for  the  battery  circuits  it  is  customary  to 
use  a  single-pole  circuit  breaker  on  the  negative  side  and 
an  enclosed  fuse  on  the  positive  side  of  each  circuit. 

Reverse  Current  Protection — Protection  against  re- 
verse current  means  protecting  the  equipment  against 
the  possibility  of  the  batteries  discharging  back  into  the 
system  when  the  power  supply  fails  or  decreases  below 
normal.  Such  protection  is  particularly  desirable  for 
installations  wherein  compound-wound  generators  are 
used  for  charging,  because  the  reversal  of  current  may 
cause  the  generator  to  rotate  at  abnormally  high  speed 
and  ultimately  reverse  in  polarity  and  possibly  flash 
over.  If  shunt-wound  generators  are  used,  the  reversal 
of  current  will  do  no  immediate  damage,  but  the  bat- 
teries will  be  discharged. 

To  protect  against  reversal  of  current  it  is  natural 
to  assume  that  a  circuit  breaker  equipped  with  a  reverse 
current  release  mechanism  would  be  the  proper  applica- 
tion, but  such  is  not  the  case,*  unless  the  functioning  of 
the  mechanism  is  practically  independent  of  line  poten- 
tial variations.  The  usual  reverse-current  release  con- 
sists of  an  electromagnet  having  two  diiiferentially  con- 
nected windings,  one  of  which  is  connected  across  the 
line,  while  the  other  is  connected  in  series  with  the  cir- 
cuit to  be  protected.  When  full  potential  is  applied,  a 
small  reverse  current  will  trip  the  circuit  breaker.  But 
with  only  60  to  80  volts  across  the  line,  such  as  would  be 
developed  by  the  battery  during  a  failure  of  power  sup- 
ply, a  much  larger  reverse  current  would  be  required  to 
actuate  the  reverse-current  device,  and  hence  the  conver- 
sion may  be  reversed  without  tripping  the  circuit  breaker. 
For  this  reason  an  under-voltage  release  mechanism 
is  usually  used  for  protection  against  reverse  current,  as 
it  will,  if  correctly  adjusted,  function  properly  in  all 
cases,  because  the  discharge  voltage  is  always  less  than 
that  required  to  charge  a  battery. 

To  provide  the  most  effective  and  flexible  protection 
against  reversal  of  current,  each  individual  charging 
circuit  should  be  equipped  with  a  low-voltage  release  cir- 
cuit breaker,  or  a  circuit  breaker  and  a  sensitive  reverse- 
current  relay  or  mechanism.  The  next  best  protection 
is  secured  by  providing  this  equipment  in  the  main  line 
or  generator  circuit  only.  This  latter  scheme  will  effec- 
tively protect  the  generating  equipment,  but  after  the 
circuit  breaker  opens  the  batteries  will  remain  connected 
in  parallel  to  the  bus-bars,  and  hence  the  batteries  devel- 
oping the  highest  e.m.f.  will  discharge  into  the  others. 
Furthermore,  if  the  low- voltage  release  circuit  breaker 
only  is  provided,  it  will  be  impossible  to  operate  the  gen- 
erator at  a  potential  lower  than  the  setting  of  the  low- 
voltage  mechanism  attached  to  the  generator  circuit 
breaker,  or  the  circuit  breaker  in  any  charging  circuit 
which  is  in  use. 

*See  article  lay  Mr.  H.  E.  Trent  in  the  Journal  for  Aug., 
'15,  p.  360. 


Automatic  Termination  of  Battery  Charging — There 
are  many  installations  wherein  it  is  desirable  that  the 
charging  of  a  battery  be  terminated  automatically  when 
it  is  completed.  The  majority  of  mechanisms  for 
this  purpose  depend  upon  the  rise  in  counter  e.m.f. 
of  a  battery  to  operate  relays ;  such  a  scheme  is  unre- 
liable and  is  almost  certain  to  result  in  cither  under- 
charging or  overcharging  the  battery.  Furthermore, 
this  type  of  mechanism  is  not  applicable  for  constant- 
potential  charging  installations.  The  counter  e.m.f.  of  a 
battery  becomes  practically  constant  during  the  last  half- 
hour  of  the  charging  period,  and  a  mechanism  depend- 
ent upon  the  voltage  must  not  only  be  very  sensitive, 
but  to  insure  its  action  should  be  set  to  disconnect  the 
battery  before  it  is  completely  charged.  The  final  charg- 
ing voltage  of  a  battery  also  varies  with  the  temperature 


FIG.   II — BATTKKY  CHARGING  PANICLS 

Of  the  Curtis  PubHshing  Company.  Philadelphia,  Pa.  This 
board  controls  a  75  kilowatt  motor-generator  set.  Each  rheo- 
stat in  each  of  the  twelve  battery  charging  circuits  is  designed 
to  charge  a  45  cell  lead  battery  at  56  amperes  start,  24  amperes 
finish ;  also  to  charge  a  45  cell  lead  battery  at  50  amperes  start 
and  21  amperes  finish ;  also  to  charge  a  60  cell  Edison  battery 
at  30  and  60  amperes ;  also  to  charge  a  60  cell  Edison  battery  at 
45  and  90  amperes.  The  generator  is  protected  against  reverse 
current  by  means  of  a  reverse  current  relay.  Each  battery 
charging  circuit  is  provided  with  a  watthour  meter ;  a  totalizing 
watthour  meter  is  provided  in  the  alternating-current  motor 
circuit,  and  a  similar  meter  in  the  direct-current  generator 
circuit. 

and  the  age  of  the  battery,  and  therefore,  a  mechanism 
dependent  upon  the  vohage  will  require  adjustment 
from  time  to  time,  which  at  best  would  not  assure  the 
proper  functioning  of  the  mechanism,  because  conditions 
might  easily  change  soon  after  the  adjustment  is  made. 
The  only  equipment  which  can  be  depended  upon  to 
properly  and  unfailingly  perform  this  function  is  the 
combination  of  an  ampere-hour  meter  equipped  with  a 
zero  contact  and  reset  device,  and  a  circuit  breaker  pro- 
vided with  a  shunt  trip  or  a  low-voltage  release  mechan- 
ism and  a  small  resistance.  This  equipment  must  be  con- 
nected in  the  battery  circuit,  so  that  when  the  battery  is 
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charging  the  pointer  of  the  ampere-hour  meter  will  be 
moved  back  toward  the  zero  position  at  which  the  zero 
contact  is  located.  When  the  pointer  touches  the  zero 
contact  a  circuit  is  established  whereby  the  circuit 
breaker  is  tripped.  The  small  resistance  limits  the  flow 
of  current  when  the  coil  is  short-circuited. 

In  a  great  many  instances  the  ampere-hour  meter 
and  a  shunt-trip  circuit  breaker  are  mounted  directly  on 


KIG.    12 — STARTING  EQUIPMENT  AND   MOTOR-GENERATORS  OF  THE 
CURTIS    PUBLISHING   COMPANY 

the  vehicle,  and  hence  no  such  equipment  is  required 
on  the  switchboard.  In  other  instances  there  is  an 
ampere-hour  meter,  but  no  circuit  breaker,  on  the  ve- 
hicle, and  it  is  then  necessary  to  mount  a  low-voltage 
release  circuit  breaker  on  the  switchboard.  It  is  also 
necessary  to  supply  a  small  auxiliary  plug  and  receptacle 
of  sufficient  capacity  to  carry  about  25  amperes ;  the 
receptacle  to  be  mounted  on  the  vehicle  and  connected  to 
the  zero  contact  of  the  ampere-hour  meter,  the  plug 
being  connected  by  means  of  a  suitable  cable  to  the  low- 
voltage  release  coil  on  the  switchboard,  so  that  the 
circuit  breaker  will  be  tripped  when  the  pointer  of  the 
ampere-hour  meter  touches  the  zero  contact.  Where  no 
ampere-hour  meter  is  available  on  the  vehicle  a  low- 
voltage  release  circuit  breaker  and  ampere-hour  meter 
are  provided  on  the  switchboard  for  each  charging 
circuit. 

The  ampere-hour  meters  used  for  this  class  of  ser- 
vice should  be  either  of  the  differential  shunt  type  or  the 
variable  resistor  type.  One  of  these  meters  properly 
and  permanently  connected  in  a  battery  circuit  will, 
within  a  reasonable  degree  of  accuracy,  indicate  at  all 
times  the  ampere-hour  capacity  out  of  the  battery.  When 
the  battery  is  completely  charged,  the  pointer  of  the 
meter  is  at  zero ;  as  the  battery  is  discharged,  the  meter 
pointer  moves  away  from  the  zero  position,  and  when  it 
indicates  that  the  rated  capacity  of  the  battery  has  been 
taken  out,  the  battery  must  be  charged.  It  is  during 
the  charging  period  that  the  unique  characteristics  of 
the  ampere-hour  meter  are  evidenced,  for  when  the 
charging  current  flows  into  the  battery  the  meter  pointer 
moves  back  toward  the  zero  position,  but  at  a  lower 
speed  relative  to  the  speed  per  ampere-hour  when  the 


battery  is  being  discharged.  As  a  result,  more  ampere- 
hours  are  put  back  into  the  battery  on  charge  than  are 
taken  out  on  discharge,  thus  compensating  for  the 
efficiency  of  the  battery,  which  is  always  less  than  unity. 
The  ampere-hour  efficiency  of  a  lead  battery  differs 
from  that  of  an  Edison  battery,  and  hence  these  meters 
are  provided  with  an  adjustment,  by  means  of  which 
each  meter  may  be  made  to  run  from  10  to  25  percent 
slow  during  the  charging  period.  When  an  ampere- 
hour  meter  is  used  with  a  lead  battery  it  is  necessary  to 
keep  the  meter  in  step  with  the  battery,  and  hence  after 
each  equalizing  charge  (given  about  every  two  weeks) 
the  meter  pointer  should  be  set  at  the  zero  position. 

If  the  ampere-hour  meter  which  is  to  be  used  for  ter- 
minating the  charge  of  a  battery  mounted  on  a  vehicle 
is  mounted  on  a  charging  switchboard,  and  the  battery 
has  not  been  discharged  through  this  meter  circuit,  be- 
fore beginning  the  charge  the  meter  pointer  must  be  set 
at  the  reading  corresponding  to  condition  of  the  battery 
and  adjusted  to  run  the  proper  percent  slow. 

Automatic  Termination  of  Battery  Charging  and 
Automatic  Disconnecting  of  a  Motor-Generator  Outfit — 
W  iiere  a  number  of  batteries  are  to  be  charged  by 
means  of  one  or  more  motor-generator  sets,  it  may  be 
desirable  not  only  to  provide  equipment  whereby  the 
charging  of  each  battery  will  be  automatically  termi- 
nated after  the  required  charge,  but  also  equipment 
whereby  the  motor-generator  outfits  will  be  automati- 
cally disconnected  from  the  source  of  supply  when  the 
last  battery  is  automatically  disconnected  from  the  gen- 
erator circuit.  This  latter  function  may  be  accomplished 
by  providing  an  underload  release  circuit  breaker,  with 
auxiliary  contacts,  for  each  generator  circuit,  so  that 
when  it  opens  the  motor  starter  will  be  moved  to  the  off 
position.     If  each  battery   circuit   is   protected   against 
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Of  the  West  Penn  Auto  Company,  Pittsburgh,  Pa.  A  15  kilo- 
watt motor-generator  set  supplies  125  to  60  volts  to  six 
battery  charging  circuits.  The  rheostats  are  designed  for 
charging  40  lead  cells  at  28  amperes  start  and  12  amperes  finish, 
and  also  24  lead  cells  at  30  amperes  start  and  6  amperes  finish. 

reverse  current,  and  the  motor  circuit  is  protected 
against  low-voltage  and  overloads,  then  the  installation 
is  completely  protected  against  total  or  partial  failure  of 
the  power  supply. 

Watthour  Meters — For  some  installations  it  may  be 
desirable  to  provide  an  individual  watthour  meter  in 
each  battery-charging  circuit,  either  to  assist  in  keeping 
account  of  the  cost  of  operation  or  to  provide  a  means 
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whereby  a  direct  charge  may  be  made  to  each  cus- 
tomer on  the  basis  of  the  actual  power  required  for 
charging  the  various  batteries.  To  meet  this  require- 
ment a  switchboard  type  watthour  meter  equipped  with 
a  large  circular  dial  and  pointer  in  addition  to  the 
standard  train  of  four  integrating  dials  is  provided. 
The  large  dial  is  calibrated  for  a  limited  number 
of  kw-hrs.,  and  the  pointer  may  be  turned  to  zero  a* 
any  time  by  means  of  a  knurled  nut  mounted  on  tl.c 
front  of  the  glass  case.  Or  if  desired,  the  meter  can 
be  so  equipped  that  the  pointer  can  be  turned  with  a 
square  shanked  key  only,  thus  assuring  that  only  author- 
ized parties  will  be  able  to  reset  the  meter.  The  total- 
izing dials   indicate   the   total   power   passing  over   the 


metered  circuit ;  whereas  the  large  dial  indicates  the 
power  consumed  for  each  charging  period,  after  which 
the  pointer  should  be  reset  to  zero. 

Special  Equipment — There  are  numerous  additional 
functions  which  can  be  provided  for  standard  battery- 
charging  switchboards,  among  which  are  a  pilot  or  indi- 
cating lamp  for  each  charging  circuit  and  a  spring  re- 
'.urn  ammeter  switch,  which  may  be  provided  with  an 
automatic  voltmeter  contact  for  each  charging  circuit. 
Watthour  meters  may  also  be  supplied  to  totalize  the 
power  delivered  by  a  generator  and  also  the  power  re- 
quired from  the  line  by  the  motor  driving  the  generator. 
A.ny  of  these  meters  may  be  of  the  indicating  type  or  of 
the  graphic  or  recording  type. 


The  Mercury  Arc  Rectifier 

FOR  CHARGING  ELECTRICAL  VEHICLE  BATTERIES 
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FIG.    I — 30   AMPERE   RECTIFIER 
BUIB    FOR    BATTERY    CH.\RC-ING 


FOR  charging  the  batteries  of  single  electric  vehicles 
there  is  no  superior  to  the  mercury  arc  rectifier. 
This  holds  not  only  in  the  case  of  the  battery  that 
is  to  be  charged  without  attendance  in  the  private  gar- 
age, but  also  in  those  cases 
where,  even  in  a  large  public 
garage,  it  is  necessary  to 
charge  a  battery  of  an  un- 
usual number  of  cells,  or 
during  the  peak  load  hours, 
when  extra  rates  are  charged 
for  current  by  the  power 
company.  The  reasons  for 
this  superiority  are  numer- 
ous. Not  only  is  a  rectifier 
more  efficient  than  any  other 
charging  device,  but  it  re- 
quires less  floor  space.  Its 
operating  and  first  costs  are  lower  and  its  installation  is 
simpHcity  itself.  It  is  noiseless  and  free  from  dirt,  oil 
or  moving  parts.  It  can  be  adjusted  in  a 
moment  to  suit  the  line  voltage  and  number  of 
cells  and  gives  the  battery  in  all  cases  the  ta- 
pering charge  so  desirable  with  a  lead  battery. 
The  heart  of  the  mercury  rectifier  is  the 
bulb  which  changes  the  alternating  current 
into  slightly  pulsating  direct  current.  A  30 
ampere  bulb  of  the  sort  commonly  used  for 
vehicle  battery  charging  is  shown  in  Fig.  i. 
In  order  that  they  may  give  the  best  possible 
operation,  these  bulbs  are  pumped  oflf  to  the 
highest  possible  degree  of  vacuum  and  every 
care  is  taken  to  drive  off  all  the  gases  and 
water  vapor  that  may  be  imprisoned  in  the 
materials  of  the  electrodes  or  the  walls  of  the  tube. 
This  is  accomplished  by  heating  the  bulb  in  an  oven 
until  the  mercurv  boils,  and  also  heatin 


to  a  white  heat,  by  passing  current  through  the  bulb 
while  the  pumps  are  still  in  operation.  The  recti- 
fying power  of  the  bulb  is  derived  from  the  fact  that  the 
mercury  vapor  will  only  maintain  an  arc  in  the  direction 
toward  the  mercury,  i.  e.,  with  the  mercury  pool  as  a 
cathode.  If  only  one  anode  was  provided,  therefore, 
the  arc  would  go  out  at  the  end  of  the  first  half  cycle 
of  the  alternating-current  wave.  For  that  reason,  two 
anodes  are  provided  which  both  deliver  current  to  the 
same  mercury  cathode.  These  anodes  are  so  connected 
to  the  circuit  that  they  work  alternatingly— one  deliver- 
ing current  during  one  half  wave  and  the  other  during 
the  second  half  wave,  the  hollow  between  the  two  half 
waves  being  filled  in  by  energy  stored  during  the  peak  of 
each  half  wave  in  an  inductance  in  the  direct-current 
circuit.  This  gives  not  only  a  rectified  current,  but  a 
fairly  smooth  direct  current.  This  sustaining  induct- 
ance, as  it  is  called,  may  take  the  form  of  a  coil  con- 
nected in  the  direct-current  circuit,  or  more  usually,  it  is 
made  a  part  of  the  transformer  itself. 


FIG.    2— WIRING    DIAGRAM     OF    SELF-STARTING,    30    AMPERE    RECTIFIER    FOR     HO 
VOLTS  ALTERNATING  CURRENT,  AND  20  TO  44  CELLS  OF  LEAD  BATTERY 

A    schematic    diagram   of    a    mercury    arc    rectifier 

circuit  is  given  in  Fig.  2.     The  transformer  serves  to 

the  electrodes      change  the  line  voltage  to  the  value  best  suited  to  the 
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battery  to  be  charged.  The  two  anodes  of  the  bulb, 
usually  made  of  graphite,  take  current  during  alternate 
half  waves  from  opposite  ends  of  the  transformer  sec- 
ondary and  deliver  it  to  the  mercury  cathode,  whence  it 
flows  as  direct  current  through  the  battery  back  to  the 
middle  point  of  the  transformer. 

To  start  a  mercury  rectifier  bulb,  it  is  necessary  to 
cause  a  spark  at  the  surface  of  the  mercury.  The  sim- 
plest way  is  to  provide  a 
small  starting  resistance, 
which  is  connected  be- 
tween one  anode  and  the 
second  mercury  pool. 
When  the  bulb  is  tilted 
^o  that  the  mercury  pools 
•  niie  together,  alternat- 
iiii;  current  will  flow 
through  the  resistance 
and  the  mercury.  When 
the  bulb  is  then  tilted 
ack  so  as  to  separate 
the  mercury  pools,  the 
c  u  r  rent  is  interrupted 
and  a  spark  occurs  be- 
tween them.  If  the  di- 
rection of  the  current 
happens  to  be  such  as  to 
make  the  main  mercurj' 
pool  negative,  the  load 
current  will  start  to  flow 
from  whichever  anode  is 
positive  at  the  time.  If  not,  the  bulb  will  have  to  be  tilted 
again,  \\hen  a  bulb  is  very  cold  it  is  harder  to  start, 
since  it  then  contains  very  little  mercury  vapor,  as  most 
of  the  latter  has  condensed.  Starting  can  be  made  easy 
again  by  warming  the  bulb  up  to  ordinary  room  tem- 
perature. 

To  control  the  current  and  adjust  the  rectifier  to 
different  line  voltages  and  different  numbers  of  cells, 
taps  are  usually  provided  on  the  transformer  for  chang- 
ing the  connections  to  the  bulb  or  the  alternating-current 
line.  In  this  way  adjustments  can  be  made  efficiently 
and  without  the  losses  that  would  result  from  the  use  of 
a  resistance.  One  advantage  of  the  rectifier  is  that  all 
adjustments  can  be  made  by  transformer  taps. 

For  charging  lead  storage  batteries,  it  is  important 
that  the  current  should  decrease  as  the  charge  pro- 
gresses, inasmuch  as  toward  the  end  of  charge  only  a 
small  amount  of  current  can  be  utilized  in  chemical 
action  and  any  additional  current  would  simply  be 
wasted  in  heat  and  the  battery  very  probably  injured  by 
overheating.  For  this  reason  it  is  important  that  recti- 
fiers for  charging  lead  batteries  should  be  so  designed 
that  the  charging  current  automatically  tapers  oflf  a 
proper  amount  as  the  charge  progresses,  without  atten- 
tion on  the  part  of  the  operator.  This  is  usually  accom- 
plished by  connecting  a  reactance  coil,  as  shown  in  Fig. 
2,  in  series  with  the  alternating-current  line  and  so  pro- 
portioning it  with  respect  to  the  transformer  taps  that 


3 — 30  .\MPERE   RECTH-IER  FOR 
CH.^RGING   I.E.\n   CELLS 


the  right  tapering  of  charging  current  is  obtained,  no 
matter  what  transformer  connections  are  used.  This 
same  result  can  also  be  accomplished  without  the  use  of 
a  separate  coil  by  a  special  design  of  the  transformer. 

A  standard  type  of  30  ampere  mercury  rectifier  for 
charging  from  20  to  44  lead  storage  cells,  which  em- 
bodies the  features  outlined  above,  is  shown  in  Fig.  3. 
An  upright  main  cast  iron  frame  has  mounted  on  its 
back  the  alternating-current  reactance  coil  and  the  trans- 
former. In  front  of  the  transformer  is  the  bulb,  while 
at  the  top  of  the  outfit  is  a  slate  panel  carrying  dial 
switches,  by  means  of  which  the  transformer  connec- 
tions can  be  easily  changed  for  adjusting  the  current. 
These  switches  are  so  designed  that  they  can  be  manipu- 
lated without  putting  out  the  arc  in  the  bulb.  The  trans- 
former, reactance,  bulb,  dial  switches  and  all  other  live 
parts  are  enclosed  in  perforated  iron  covers,  thus  en- 
tirely protecting  both  the  operator  and  the  apparatus. 
The  upright  construction  takes  up  a  minimum  of  floor 
space,  and  the  design  of  the  outfit  as  a  self-contained 
unit  reduces  the  difficulties  of  installation  to  a  minimum, 
since  it  is  only  necessary  to  connect  to  the  outfit  the  two 
wires  from  the  alternating-current  circuit  and  the  charg- 
ing cable  to  the  vehicle.  Sustaining  is  accomplished  by 
special  design  of  the  transformer,  without  the  use  of  a 
separate  reactance  coil. 

Outfits  such  as  shown  in  Fig.  3  are  furnished  for 
automatic  starting,  as  well  as  for  hand  starting.  The 
automatic  starting  is  ac- 
complished by  a  spe- 
cially designed  tilting 
magnet,  which  tilts  the 
bulb  as  soon  as  the  line 
switch  is  closed,  and 
continues  to  do  so  until 
the  main  arc  starts  up. 
As  soon  as  this  occurs 
the  magnet  is  cut  out  of 
service  by  a  special 
relay.  If  the  arc  goes 
out  for  any  reason  the 
relay  connects  the  mag- 
net back  in  circuit  again 
and  the  bulb  is  again 
tilted  till  the  charging 
arc  starts.  This  auto- 
matic restarting  feature 
is  a  very  great  conveni- 
ence where  a  rectifier  is 
used  in  a  private  garage 
for  unattended  night 
charging,  inasmuch  as 
without  it  a  single  inter- 
ruption of  the  arc  from 
any  cause  would  stop  the  outfit  and  leave  the  battery 
without  the  e.xpected  charge. 

Where  Edison  batteries  are  to  be  charged,  larger 
outfits  are  usually  required  than  that  above  described. 
A  50  ampere  outfit  for  this  service  is  shown  in  Fig.  4. 


4 — 50    A.Ml'LKI 
CHARGING  EDISON  CELLS 
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In  general,  llie  'a  gii  is  the  same  as  deseribed  above,  battery  is  fully  discharged,  the  rectifier  will  deliver  its 
but  the  reacta: I,.,  :.  designed  to  give  a  much  more  nearly  full  rated  current.  To  a  partially  discharged  battery 
constant  cum;;;  throughout  the  charge,  as  is  recom-  it  will  deliver,  say,  two-thirds  of  its  rated  current,  while 
mended  for  1  Ir^-on  cells.  This  outfit,  by  means  of  its  to  a  fully  charged  battery  it  will  deliver  only  one-quarter 
dial  switc'.ie-  provides  49  different  points  of  adjust-  to  one-third  of  its  rated  current, 
ment,  as  comi)ared  with  25  available  on  the  30  ampere 
outfit. 

In  recent  years  there  has  been,  at  least  in  the  auto- 
mobile field,  a  steadily  increasing  popular  demand  for 


For  the  electrical  vehicle  owner,  who  by  choice  or 
necessity  charges  his  battery  at  home,  the  mercury  recti- 
fier  is  the  best  charging  device  that  is  available.     It 
takes  a  minimum  of  floor  space  and,  since  it  has  no 
cheaper  and  simpler  designs.    This  is  exemplified  in  the     moving  parts,  needs  no  oiling  or  other  attention  except 


great  increase  in  the  sale  of  low-priced  gasoline  cars,  and 
is  this  year  becoming  evident  also  in  the  reduced 
prices  for  electric  vehicles.  In  line  with  this  general 
trend,  it  has  been  necessary  to  produce  simpler  and 
lower  priced  rectifiers  as  well.  Every  efi^ort  has  been 
made,  however,  to  retain  the  rectifier's  fundamental 
advantages  of  high  efficiency,  sim- 
plicity of  installation  and  opera- 
tion, small  size  and  freedom  from 
noise  and  dirt.  A  30  ampere  recti- 
fier of  this  recent  simplified  type  and 
lower  cost  is  shown  in  Fig.  5.  As  in 
the  more  elaborate  design,  first  de- 
scribed, all  parts  are  moimted  on  a 
single  cast  iron  frame,  which  encloses 
the  outfit  and  protects  the  bulb  on  the 
front.  Every  effort  has  been  made  to 
reduce  the  cost  of  this  outfit  by  elim- 
inating all  features  that  were  in  the 
nature  of  refinements  and  were  not 
necessary  to  the  proper  operation  of 
the  outfit.  Simplicity  has  been  car- 
ried to  the  limit  by  doing  away  not 
only  with  the  separate  sustaining  coil, 
but  with  the  separate  reactance  as 
well.  A  novel  design  has  made  it  pos- 
sible to  incorporate  both  the  react- 
ance and   sustaining:   features   in   the 

°  Fio.  ^-  bi M I'l.iiii': 

transformer,  and  thus  only  one  coil 

is  now  required  where  in  the  earlier  designs  as  many  as 
three  were  used  for  the  same  service. 

This  outfit  is  designed  for  charging  from  38  to  4O 
lead  cells,  or  56  to  66  Edison  cells,  which  covers  the 
range  of  battery  sizes  commonly  itsed  on  electric  ve- 
hicles. A  small  slate  panel  on  the  front  of  the  outfit  is 
provided   with  link   connections  to  taps   on  the  traus- 


to  start  it  up  and  stop  it.  Because  of  its  high  efficiency, 
its  operating  cost  is  exceptionally  low,  while  the  initial 
;md  installation  costs  are  far  below  those  of  any  other 
device  for  the  same  service.  A  recent  improvement  has 
been  made  in  the  impregnation  of  the  transformer  coils 
which  eliminates  practically  all  the  humming  soinid 
characteristic  of  any  transformer  and 
renders  the  rectifier  so  noiseless  that 
it  will  be  particularly  satisfactory 
when  it  is  necessary  to  install  it  near 
the  sleeping  quarters  of  the  owner  <}r 
"...s  chauffeur. 

The  rectifier  is  useful  not  only  in 
the  private  garage,  but  it  is  also  a 
valuable  adjunct  to  a  large  public 
garage^  where  so  many  cars  are 
charged  at  a  time  that  a  large  motor- 
generator  set  is  required.  In  a  large 
garage  of  this  sort  there  will  be  fre- 
(|uent  times  when  it  is  more  econom- 
ical to  use  one  or  two  rectifiers  than 
to  use  the  large  motor-generator  set. 
For  instance,  it  is  often  possible 
to  obtain  a  lower  rate  for  current  if  it 
is  agreed  not  to  run  the  large  motor- 
generator  set  during  certain  hours 
of  the  day.  It  will,  however,  often 
be  necessary  to  charge  one  or  two 
cars  during  that  period.  Likewise, 
during  regular  charging  hours,  there  will  often  be  one 
or  two  cars  that  have  batteries  of  unusual  number  of 
cells.  To  charge  these  from  the  motor-generator  at  the 
same  time  as  the  other  batteries  would  involve  the  use  of 
wasteful  resistance  in  series  either  with  these  batteries 
or  the  larger  number  of  standard  batteries.    In  either  of 
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these   cases,    one   or   two    rectifiers   could   be   used    to 

former,  whereby  the  outfit  can  be  adjusted  to  suit  the  advantage  to  take  care  of  these  special  batteries  or  to 

line  voltage  and  number  of  cells  to  be  charged.    .'\s  this  charge  during  hours  when  the  motor-generator  set  was 

connection  is  rarely  changed  after  installation,  the  eliiii-  not  operating. 

ination  of  the  expensive  dial  switches  causes  little,  if  There  is,  therefore,  a  large  field  for  the  use  of  mer- 
any,  inconvenience.  Like  the  more  expensive  outfits  cury  arc  rectifiers  for  charging  electrical  vehicle  bat- 
first  described,  this  rectifier  is  so  designed  that  it  will  teries,  both  in  the  private  garage  and  in  the  larger  public 
deliver  current  to  the  battery  at  a  rate  depending  on  garages,  and  the  increasing  use  of  electric  vehicles,  to- 
how  far  the  battery  has  been  discharged — provided,  of  gether  with  the  development  of  improved  rectifiers  of 
course,  that  the  proper  link  connections  are  used.     If  the  lower  co.st,  should  lead  to  their  much  wider  use. 


Small  Motor-Generator  Sets 

FOR  CHARGING  STARTING,  LIGHTING  AND  IGNITION  BATTERIES 

H.  A.  Campe 

Industrial  Sales  Dept., 

Westinghouse  Electric  &  Mfg.  Company 


LOW  voltage  storage  batteries  have  been  used  to  a 
limited  extent  for  lighting  and  ignition  service  on 
passenger  gasoline  cars  for  approximately  eight 
years,  and  for  starting  service  approximately  five  years, 
but  it  is  only  within  the  last  three  years  that  they  have 
come  into  almost  universal  use. 

Direct  current  is  necessary  for  charging  storage  bat- 
teries, but  the  zones  where  direct  current  is  available  are 


FIG.    I — AI,TERN.\TING-CURRKNT    MOTOR    DRIVING    I.0W-V01.T.\GE 
DIRECT-CURRENT  GENERATOR 

more  or  less  limited,  the  commercial  circuits  being 
mostly  alternating  current.  Where  direct  current  is 
available,  the  commercial  voltage  is  either  115  or  230 
volts,  so  that  unless  a  large  number  of  low-voltage  bat- 
teries are  to  be  handled,  it  is  necessary  to  reduce  the 
voltage  to  the  proper  value  by  means  of  a  resistance 
which  makes  charging  uneconomical.  Where  alternating 
current  is  available,  some  means  must  be  provided  for 
changing  the  alternating  current  to  direct  current. 

Charging  the  batteries  and  renewing  of  plates  is  done 
on  a  large  scale  by  battery  service  stations.  The  general 
garage  must,  however,  be  equipped  to  render  service  in 
the  way  of  charging  and  must  have  some  economical 
means  of  changing  either  the  alternating-current  sup- 
ply or  the  commercial  direct-current  supply  service  to 
direct  current  of  proper  voltage  to  meet  the  require- 
ments. Small  motor-generator  sets  with  control  j^anels 
have  been  placed  on  the  market  for  this  service. 


FIG.   2 — DIRECT-CURRENT    MOTOR   DRIVI.N'G   LOW-VOLTAGE 
DIRECT-CURRENT   GENERATOR 

Battery  manufacturers  would  prefer  that  batteries 
be  charged  separately  or  in  multiple,  each  circuit  being 
controlled  by  an  individual  charging  resistance.  Such 
an  arrangement  would  mean  a  generator  of  high  ampere 
and  low  voltage  characteristics  and  a  special  control  sys- 
tem, both  of  which  would  be  expensive,  and  the  invest- 
ment of  capital  to  obtain  this  would  hardly  be  favorably 


considered  by  the  general  garage.  The  cheapest  propo- 
sition consists  of  a  motor-generator  set  with  control 
panels  for  charging  batteries  in  series,  in  which  case  a 
generator  of  low  current  and  medium  voltage  can  be 
used  with  a  simple  control  panel,  a  scheme  which  is  very 
desirable  from  the  investment  point  of  view.  The  Under- 
writers' requirements  on  electrical  equipment  for  garage 
service  are  very  stringent.  Motor-generator  sets  must 
conform  to  these  requirements  and  control  apparatus 
must  give  ample  protection. 

In  the  selection  of  a  motor-generator  set  of  the 
proper  capacity,  the  characteristics  of  the  supply  circuit, 
the  maximum  and  minimum  charging  rates,  the  voltage 
of  the  batteries,  and  the  number  of  batteries  to  be 
charged  in  series  at  one  time,  must  be  taken  into  consid- 
eration. The  current  rating  depends  on  the  maximum 
and  minimum  charge  rate.  The  charge  rates  as  recom- 
mended by  battery  manufacturers  average  from  four- 
teen to  eight  amperes  maximum,  and  from  five  to  three 
amperes  minimum,  respectively.  The  average  length  of 
time  required  for  a  complete  charge  varies  from  eight  to 


IIG.     3 — SELF-CONTAINED     MOTOR-GENERATOR     SET     AND 
CHARGING   PANEL 

twelve  hours.  The  voltage  rating  depends  upon  the 
number  of  cells  per  battery  and  the  number  of  batteries 
to  be  charged  in  series  at  one  time.  The  number  of  lead 
cells  per  battery  generally  used  in  this  service  is  three, 
six,  nine  and  twelve,  which  give  an  average  discharge 
potential  of  two  volts  per  cell  and  require  an  average 
charging  potential  varying  from  2  to  2.7  volts  per  cell. 
The  charging  voltage  per  battery  and  the  number  of  bat- 
teries to  be  charged  at  one  time  being  known,  the  voltage 
of  the  direct-current  supply  circuit  is  determined.  It 
should  be  noted,  however,  that  a  battery  will  not  only  be 
injured  if  charged  at  too  high  a  rate,  but  will  also  lose 
capacity  if  charged  at  too  low  a  rate. 

A  lead  battery  must  be  given  an  equalizing  or  gassing 
charge  at  least  once  every  two  weeks  regardless  of  the 
method  of  charging.  The  equalizing  charge  must  be 
given  after  the  regular  charge  has  been  completed,  and 
should  be  maintained  at  a  rate  not  to  exceed  the  finish- 
ing charge  rate,  and  preferably  at  one-half  that  value. 
The  equalizing  charge  should  be  continued  for  a  period 
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of  from  two  to  four  hours,  or  until  the  specific  gravity 
of  the  electrolyte  has  reached  a  constant  value.  The 
purpose  of  the  equalizing  charge  is  to  clear  the  plates 
of  sulphate,  which  collects  when  the  battery  discharges. 
In  giving  an  equalizing  charge,  care  should  also  be  taken 
that  the  temperature  of  the  electrolyte  does  not  exceed 
no  degrees  F. 

There  is  a  demand   for  small  motor-generator  sets 
for   charging  batteries   on   gasoline   cars,   even   though 


there  is  a  generator  installed  as  a  part  of  each  starting, 
lighting  and  ignition  system,  because  there  are  times 
when  the  battery  becomes  discharged  when  the  car  is 
left  standing  at  the  curb  for  extended  periods  with  the 
lights  burning.  Furthermore,  cars  are  often  stored  for 
long  periods  during  the  winter  months,  during  which 
time  the  battery  should  be  given  a  periodic  charge  to 
clear  the  plates  of  the  sulphate  which  accumulates  when 
the  batterv  is  not  used. 


One-Unit  Starting  and  Lighting  Automobile 

Equipments 

H.  F.  Patten 

Industrial  Engineering  Dept., 

Westinghouse  Electric  &  Mfg.  Company 

SINCE  electricity  was  first  used  as  a  means  of  starting  and  lighting  in  connection  with  gasoline  engines  on 
automobiles,  motor-generators  (starter  and  lighter  in  one  unit)  have  been  employed  more  or  less  extensively. 
The  rapid  development  and  continual  evolution  along  all  branches  of  the  automobile  industry  has  naturally 
had  an  effect  on  the  use  of  the  motor-generator.  For  instance,  the  cars  manufactured  by  any  one  company 
for  a  particular  year  on  which  the  single  unit  made  a  very  good  application  might  be  so  changed  the 
following  year  that  the  single  unit  would  be  very  unsatisfactory.  Although  the  general  tendency  seems  to 
have  been  toward  the  use  of  two  units,  motor  and  generator,  the  ideas  and  policies  of  some  automobile 
engineers  combined  with  those  of  electrical  outfitters  in  some  instances  have  tended  toward  the  use  of  one 
unit ;  hence  certain  makes  of  automobiles  have  been  put  on  the  market  year  after  year  for  which  motor- 
generators  do  the  cranking  and  battery  charging. 


M^ 


'ANY  types  of  motor-generators  have  been  placed 
on  the  market,  some  of  which  might  be  termed 
freak  designs,  while  others,  although  having 
many  unique  features,  follow  standard  and  reliable  prac- 
tice. These  units  operate  with  batteries  of  different 
voltages,  6,  12  and  24  volts  being  used.  Some  use  one 
voltage  for  starting  and  charge  the  battery  at  another 
as  12  and  6  or  24  and  6  by  connecting  the  battery  cells 
in  series  and  in  parallel.  These  two-voltage  systems 
necessarily  require  a  fairly  complicated  set  of  relays  and 
switching  mechanisins,  to  say  nothing  of  special  battery 
connections.  There  are  also  in  use  what  might  be  named 
two-speed  motor-generators,  i.  e.,  the  ratio  of  drive  be- 
tween gas  engine  and  electrical  unit  is  not  the  same  when 
operating  as  a  motor  as  when  being  driven  as  a  gener- 
ator. Systems  of  this  kind  are  propelled  and  obtain 
their  motor  and  generator  ratios  by  means  of  sets  of 
gears  and  overrunning  clutches.  Another  type  of  single 
unit  is  the  machine  with  a  double  winding  in  the  arma- 
ture core,  each  with  its  own  separate  commutator.  One 
winding  is  made  up  of  a  few  conductors  of  large  and 
low-resistance  wire  for  carrying  the  large  starting  cur- 
rent, the  other  being  composed  of  many  more  turns  of 
smaller  wire  for  generating  the  battery  charging  cur- 
rent. The  flywheel  motor-generator  is  also  fairly  well 
known.  Herein  the  rotor  of  the  unit  replaces  the  fly- 
wheel and  must  perform  all  the  flywheel  duties  in  addi- 
tion to  its  own.  The  materials — copper,  insulation,  spe- 
cial iron,  etc. — used  in  the  flywheel  type  rotor  are  much 
more  expensive  than  in  the  conventional  flywheel,  and 
the  more  complicated  construction   represents  quite  an 


additional  expense  for  inanufacture.  It  is  a  fact  that 
the  diameter  and  length  of  the  rotating  parts  of  the 
electrical  motors  and  generators  should  bear  certain  rela- 
tions to  each  other  in  order  to  obtain  economical  designs. 
\n  exceptionally  long  armature  core  of  small  diameter 
or,  as  is  the  case  with  the  flywheel  motor-generator,  a 
short  core  of  large  diameter,  is  badly  proportioned  and 
is  expensive  to  manufacture.  The  dift'erent  types  of 
machines  mentioned  above  are,  as  a  rule,  satisfactory  in 
operation,  but  are  more  expensive  to  buy  and  install  on 
account  of  their  necessary  accessories,  such  as  switches, 
clutches,  etc.  There  are  also  in  use  motor-generators 
which  are  driven  as  generators  by  belts  over  pulleys 
of  low  ratio  and  drive  the  engine  by  high  ratio  gears 
meshing  with  a  gear  ring  on  the  flywheel.  The  starting 
gears  are  demeshed  by  a  manually  operated  pinion.  Dur- 
ing the  cranking  period  the  belt  is  supposed  to  slip  the 
amount  of  difference  in  ratios. 

The  simplest  type  of  motor-generator  known  to  the 
writer  has  one  armature  winding  and  commutator  only, 
and  operates  both  as  a  motor  and  generator  without 
stepping  the  voltage  up  or  down  by  parallel  and  series 
connections.  Also,  the  ratio  of  drive  between  the 
dynamo  and  engine  is  the  same  at  all  times.  This  unit 
is  so  designed  that  it  may  be  used  without  even  an  auto- 
matic battery  cutout  of  any  description.  The  current 
regulation  is  cared  for  inherently  by  means  of  a  third 
brush  for  controlling  the  shunt  field  circuit  and  a  dif- 
ferentially compounding  field.  The  automatic  battery 
regulator  may  be  applied  conveniently,  if  desirable,  in 
place  of  the  above  means  of  regulation.     When  applied 
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on  very  light  engines  of  low  throttling  characteristics 
a  simple  reverse  current  relay  switch  may  be  used,  if 
desired,  to  open  the  motor  and  battery  circuit  and  thus 
prevent  the  engine  from  floating  on  the  motor  when 
running  idle. 

The  performance  characteristics  of  the  motor-gener- 
ator are  usually  shown  divided,  i.  e.,  the  motor  curves 
and  generator  curves  are  separated,  although  the  latter 
should  be  a  continuation  of  the  first.  Usual  practice 
gives  the  torque,  r.p.m.,  etc.,  of  the  motor  with  relation 
to  amperes  taken  from  the  battery,  and  the  generator 
regulation  with  relation  to  armature  revolutions  jier 
minute.  For  convenience,  the  curve  in  Fig.  i  gives  the 
performance  both  as  motor  and  as  generator  with  re- 
gard to  speed.  In  the  illustration  the  scales  for  amperes 
and  r.p.m.  have  been  given  different  values  for  motor 
and  generator  to  facilitate  the  curve  study,  the  point  of 
change  being  where  the  machine  passes  from  a  state  of 
motoring  to  generating :  in  this  case  900  r.p.m.  This  is 
also  called  the  balance  point,  since  the  machine  is  just 
balancing  the  open  circuit  voltage,  which   is  about    13 


FIG.     I — .\PPROXIM.\TE    PERFORMANCE    OF     .\     MOTOR-GENER.\TOR     FOR 
.\UTOM0BILE  ST.VRTING  AND  LIGHTING 

Machiiif  at  room  temperature. 

volts  at  the  terminals  of  a  six-cell  battery,  and  there  is 
neither  a  charging  nor  discharging  current. 

Consider  first  the  performance  as  a  motor.  When 
the  starting  switch  is  closed  with  the  engine  at  rest  (zero 
revolutions)  a  large  starting  torque  is  produced.  The 
voltage  curve  shows  the  characteristic  dropping  voltage 
of  the  ordinary  storage  battery  under  heavy  current  de- 
mands. As  the  engine  is  brought  up  to  speed  the  torque 
and  current  rapidly  decrease  until  the  motor  is  supply- 
ing its  maximum  power,  which  should  be  at  the  normal 
cranking  speed. 

The  engine,  having  started,  now  increases  the  motor- 
generator  speed  until  the  balance  point  is  passed  and  the 
machine  as  a  generator  begins  charging  the  battery.  The 
application  should  be  so  made  that  the  balance  speed  will 
be  approximately  nine  miles  per  hour,  depending  on  the 
gear  reductions  and  rear  wheel  diameter.  After  passing 
the  balance  speed  the  charging  current  increases  rapidly 
as  the  car  speed  increases,  until  a  maximum  value  is 


reached  which  is  within  the  safe  operating  conditions  for 
the  battery.  A  further  increase  in  speed  shows  the  out- 
put and  consequent  necessary  power  demand  from  the 
engine  slightly  decreasing.  This  occurs  at  a  time  when 
the  engine  requires  its  power  for  greater  car  speed,  and 
is  consequently  a  favorable  asset  in  the  machine.  As 
previously  stated,  a  battery  cutout  or  simple  reverse  ciu"- 
rent  relay  switch  may  be  so  connected  in  the  circuit  that 
as  the  generator  speed  drops  below  the  balance  point 
the  small  discharging  current  opens  the  switch  and 
the  motor-generator  is  completely  disconnected  from  the 
battery,  the  motor  connections  being  open  when  the 
starting  switch  is  released.  By  this  means  a  large  dis- 
charge current  is  prevented  from  passing  through  the 
machine.  When  the  speed  again  passes  above  the  bal- 
ance point  the  cutout  switch  will  close  automatically  and 
again  connect  the  generator  with  the  battery. 

The  field  of  application  of  the  motor-generator  is 
governed  by  many  things,  most  of  which  are  matters  of 
economy  and  engineering  judgment.  In  so  far  as  the 
machine  satisfies  the  demands  required  as  a  starting 
motor  alone  or  as  a  generator  alone  in  regard  to  opera- 
tion, it  may  be  placed  competitively  against  the  separate 
units.  The  economy  of  its  use  depends  on  the  cost  of 
equipment,  cost  of  application,  cost  of  maintainance  a"! 
engine  power  demand.  In  order  to  compete  sticcessfullv 
with  other  equipments  the  manufacturer  must  be  able  to 
build  and  sell  at  a  price  approximately  the  same  as  for 
the  two  units.  Not  by  the  machine  alone,  but  by  tho 
complete  outfit  with  its  switches,  relays,  clutches,  gears, 
chains,  battery,  etc.,  is  the  price  determined.  The  sim- 
pler types  of  single-unit  application,  as  already  de- 
scribed, require  very  few  of  the  above  accessories  and. 
although  the  motor-generator  will  be  considerably  larger 
and  more  expensive  than  either  of  the  single  units,  the 
price  competition  may  sometimes  be  successfully  met. 
The  extremely  different  current  and  speed  characteris- 
tics of  starting  and  charging  make  it  necessary  to  greatlv 
increase  the  size  of  the  machine  employed  for  both.  The 
starting  motor  must  carry  a  large  current  at  low  voltage. 
In  order  to  do  this  it  must  have  heavy  copper  conductors 
of  low  resistance  in  its  field  coils  and  armature  at  the 
sacrifice  of  the  number  of  conductors.  The  capacity  of 
the  motor  at  starting  is  usually  about  one  horse- power 
(746  watts),  while  the  capacity  of  the  generator  is  ap- 
proximately TOO  watts.  To  maintain  this  continuous  lOO 
watt  output  it  is  necessary  to  have  many  more  turns  in 
the  armature  and  field  for  generating  the  necessary  volt- 
age than  is  required  by  the  motor.  Possibly  a  very  few 
turns  could  be  added  to  each  armature  coil  by  increasing 
the  size  of  the  armature,  but  the  greater  part  should  be 
added  to  the  field  coil.  To  accomplish  this  a  shunt  coil 
of  small  wire  and  many  turns  is  placed  on  each  pole. 

Assuming  that  a  motor-generator  with  a  complete 
equipment  may  be  obtained  for  a  certain  price,  the  com- 
petition is  then  narrowed  to  a  matter  of  mechanical  ap- 
plication. It  is  for  the  engineer  to  decide  on  the  type 
of  drive,  viz.,  chain,  gears  or  belt,  from  which  end 
of  the  engine  it  is  to  be  driven  and  the  location  of  the 
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unit.  Sometimes  the  automobile  is  so  constructed  that 
there  is  no  choice  in  regard  to  these  points.  For  instance, 
there  might  be  only  one  location  for  the  machine  and  one 
means  of  drive.  The  available  space  under  the  hood  is 
often  very  limited.  Such  being  the  case  we  have  a  field 
of  application  where  the  demand  is  a  minimum  of  parts, 
a  minimum  of  space  and  a  maximum  of  compactness. 
Perhaps  the  best  known  example  is  the  Ford  Model  T 
engine,  for  which  there  are  so  many  equipments  of  dif- 
ferent makes.  At  the  present  time  there  are  no  systems 
other  than  the  single  unit  used  extensively  on  this  car, 
for  it  has  been  found  practically  impossible  to  apply  a 
separate  motor  and  generator  economically.  It  must  be 
remembered  in  this  connection  that  all  the  Ford  applica- 
tions are  made  through  agents  in  the  field  and  not  at  the 
factory,  therefore  the  parts  must  fit  on  the  engine  easily 
and  without  expensive  engine  alterations. 

Serious  limitations  are  encountered  by  engineers  who 
are  in  favor  of  the  use  of  the  single  unit.  Considering 
first  the  separate  starting  motor,  we  find  gear  reductions 
between  armature  and  crank  shaft  ranging  anywhere 
from  0  :  I  to  30  :  I.  With  these  ratios  correctly  ap- 
plied to  a  motor  with  a  given  speed  rating  the  desirable 
cranking  speed  for  the  engine  is  obtained.  The  maxi- 
mum ratio  used  for  separate  generators  is  probably 
3:1,  determined  by  the  safe  peripheral  speed  of  the 
generator  armature.  Another  factor  bearing  on  the 
limit  of  the  maximum  ratio  is  that  generators  for  auto- 
mobile use  are  naturally  made  as  small  as  possible  within 
reliable  engineering  practice.  Since  the  size  of  a  gen- 
erator for  a  given  capacity  is  nearly  inversely  propor- 
tional to  its  rated  speed,  an  increase  in  ratio  between 
engine  and  armature  will  allow  a  smaller  generator  to  be 
used.  There  is  a  minimum  limit  for  the  size,  however, 
from  a  mechanical  standpoint,  since  the  size  of  shaft, 
amount  of  instilation,  thickness  of  armature  teeth,  etc., 
must  not  be  cut  below  certain  dimensions.  Considering 
the  single  ratio  motor-generator,  assume  that  the  ratio 
of  drive  is  3  :  i.  If  this  is  to  have  about  the  same  ca- 
pacity as  desired  in  the  separate  motor,  with  a  9  :  i 
ratio,  its  size  must  be  increased  approximately  in  the 
ratio  of  9  13,  since  its  speed  has  been  decreased  to  one- 
third  of  the  value  required  for  the  same  capacity.  This 
three  times  larger  armature  running  at  three  times 
crank  shaft  speed  must  be  designed  to  stand  as  high 
as  6000  to  8000  r.p.m.  with  a  factor  of  safety.  Such 
a  heavy  rotor  causes  a  great  many  severe  strains  on 
the  driving  parts  because  of  inertia  against  pre- 
ignition,  back-firing  and  propeller  shaft  torsion.  Since 
it  is  impossible  to  obtain  a  ratio  as  low  as  3  :  i  by  driv- 
ing from  the  flywheel,  the  link  must  be  made  through 
sprockets  and  chains  placed  in  front  of  the  flywheel  or  at 
the  cranking  end  of  the  engine.  Other  problems  are 
driving  couplings,  bearings  and  balancing  against  vibra- 
tion   due   to   the   high    operating   speeds.      The    engine 


mounting  for  the  motor-generator  is  found  to  be  no 
inconsiderable  detail  of  application.  With  such  a  com- 
paratively massive  armature  rotating  at  speeds  as  high 
as  8000  r.p.m.,  it  is  very  essential  to  have  a  rigid  support 
and  perfect  shaft  alignment,  otherwise  the  vibration 
would  soon  do  damage  to  both  motor-generator  and 
engine. 

Perhaps  the  greatest  problem  of  any  in  connection 
with  the  single  unit  is  the  question  of  drive.  Because  of 
its  double  function,  its  heavy  rotating  parts  and  great 
range  of  speed,  all  the  problems  of  the  two  units  seem 
to  be  combined  for  the  one.  In  the  first  place,  the  driv- 
ing parts  must  be  strong  and  heavy  enough  to  transmit 
the  starting  torque  and  yet  not  give  excessive  noise,  wear 
and  vibration  at  high  speeds.  Next,  the  bearings  and 
mounting  must  be  designed  for  the  same  results.  The 
best  known  types  of  drive  are  the  "silent"  and  "link 
belt"  chain,  running  over  pinions  and  sprockets.  Usually 
with  chain  drive  the  main  sprocket  is  placed  on  the  crank 
shaft  at  the  front  end  of  the  engine. 

The  chain  drive,  since  it  has  its  own  special  field  of 
application  and  troubles  more  difficult  to  compensate  for 
than  gears,  will  not  be  discussed  in  this  paper. 

The  relative  simplicity  of  the  motor-generator  com- 
pares favorably  with  other  types  of  equipment  in  so  far 
as  its  operation  is  concerned.  It  may  be  made  to  lose 
some  of  its  advantage  in  this  regard,  however,  by  the 
addition  of  features  such  as  voltage  regulators,  relays, 
etc.,  which  are  considered  necessary  with  the  smaller 
units.  When  voltage  changing  devices  or  gears  are 
used  to  reduce  the  bulk  of  the  main  part  of  the  ap- 
paratus, the  simplicity  of  the  equipment  as  a  whole  must 
necessarily  suffer. 

In  regard  to  reliability,  there  should  be  average  sat- 
isfaction. However,  there  might  be  an  objection  against 
having  all  the  electrical  power  plant  in  one  unit.  If  the 
machine  failed,  then  both  starting  and  battery  charging 
would  probably  be  eliminated,  whereas  with  two  units 
the  failure  of  one  would  not  necessarily  disable  the  other. 

The  points  governing  the  selection  of  the  single  unit 
may  be  summed  up  briefly  as  follows : — In  the  first 
place,  there  is  one  definite  field  where  the  unit  has  no 
competition,  i.  e.,  where  the  available  space  is  limited. 
Wherever  it  is  desirable  to  concentrate  the  electrical 
power  plant  and  eliminate  all  possible  parts  the  motor- 
generator  should  be  used.  In  other  words,  there  are 
cases  where  the  application  demands  a  minimum  of 
space,  a  minimum  of  parts  and  a  maximum  of  compact- 
ness. On  the  other  hand,  it  may  be  either  desirable,  or 
undesirable  perhaps,  to  concentrate  the  entire  weight  of 
the  outfit  at  one  point.  There  is  still  a  demand  for  the 
motor-generator,  and  it  is  quite  extensively  used  at  the 
present  day.  It  is  still  a  factor  in  competitive  applica- 
tion, and  its  future  will  depend  a  great  deal  on  the  trend 
of  future  automobile  construction. 


storing  and  Releasing  Energy 

SOME  MECHANICAL  ANALOGIES  TO  BATTERY  IGNITION 
R.  P.  Jackson 


FOR  ages  man  has  employed  the  expedient  of  stor- 
ing energy  at  a  comparatively  slow  rate  and  re- 
leasing it  suddenly  to  accomplish  results  beyond 
the  resources  at  his  immediate  command.  The  first  time 
he  failed  to  crack  a  nut  between  his  teeth,  but  succeeded 
by  laying  it  on  one  stone  and  hitting  it  with  another,  he 
began  consciously  to  intensify  the  strength  he  has  avail- 
able by  storing  it  in  some  external  medium  from  which  it 
could  be  released  suddenly  to  accomplish  his  purpose. 
The  bow  and  arrow  followed  the  club  or  stone  missiles, 
and  he  then  made  use  of  the  two  great  mechanical  stor- 
ing devices,  mass-velocity  and  spring-deflection.  In 
more  modern  times,  when  he  learned  the  use  of  elec- 
tricity, similar  methods  of  storing  energy  for  sudden  re- 
lease by  means  of  an  electrostatic  capacity  or  an  electro- 
magnetic field  furnished  facilities  for  doing  otherwise 
difficult  tasks.  The  charging  of  a  condenser  is,  of 
course,  quite  similar  to  the  deflecting  of  a  spring,  while 
the  creation  of  a  magnetic  field  bears  a  strong  resem- 
blance to  the  acceleration  of  a  mass  to  a  velocity.  Prob- 
ably the  mechanical  spring  device  that  mathematically 
most  nearly  resembles  the  electric  condenser  is  an  air 
chamber  into  which  more  air  can  be  forced  by  increasing 
pressure.  So  long  as  the  air  remains  a  gas  and  the 
compression  is  isothermal,  the  amount  of  air  Q  is  pro- 
portional to  the  pressure  P  and  the  energy  stored  is 
proportional  to  P^. 

The  following  are  the  ordinary  expressions  denoting 
the  amount  of  energy  stored  in  each  of  the  four  medi- 
ums, mass,  spring,  magnetic  inductance  and  electrostatic 
capacity : — 

&y  2  2  2  2 

In  each  case  there  is  an  element  or  factor  that  is 
essentially  material  and  static,  and  a  factor  that  repre- 
sents the  kinetic  or  active  energy  supplying  element. 
We  are  accustomed  to  recognize  that,  by  themselves 
alone,  there  is  no  energy  stored  in  either  a  mass,  a  spring 
or  a  condenser,  without  the  active  element  of  velocity, 
pressure  or  electromotive  force.  There  is  a  common 
impression,  however,  that  the  stored  energy  of  a  mag- 
netic field  is  due  to  the  lines  of  force,  irrespective  of  the 
value  of  the  current  that  produces  it.  An  examination 
of  the  expression  for  the  energy  of  a  magnetic  field 
L  P 
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discloses  that  an  inductance  L  of  however 


great  value  would  not  store  energy  if  the  lines  of  mag- 
netic force  could  be  produced  with  zero  current.  In 
fact,  in  some  respects  a  magnetic  field  also  resembles  a 
spring,  particularly  if  the  reluctance  is  in  an  air-gap. 
Lines  of  force  in  air  resemble  rubber  bands  that  tend  to 
shorten,  collapse  and  disappear,  losing  their  energy  if 
the  coercive  force,  i.  e.,  ampere-turns,  maintaining  them 


is  removed.  It  is  true,  of  course,  that  the  presence  of 
iron  in  a  magnetic  circuit  increases  the  inductance  L, 
and  so  the  stored  energy  per  ampere  of  current  in  the 
coils.  Reduction  of  the  air-gap  and  increase  of  the  per- 
centage of  iron  in  the  circuit  increases  the  stored  energy. 
There  is  no  gain  in  released  energy  from  this  stored 
energy,  however,  when  the  air-gap  has  become  too  small 
to  suppress  the  flux  when  the  current  has  stopped.  Typ- 
ical variations  of  flux  and  returned  energy  with  various 
proportions  of  iron  from  o  to  loo  percent  in  a  given  coil 
are  illustrated  in  Fig.  i.  The  greatest  release  of  energy 
is  obtained  with  an  air-gap  which  gives  the  widest  range 
C  to  D  from  the  ma.ximum  to  the  residual  fluxes. 

For  some  purposes,  such  as  ignition  for  example, 
where  a  very  sudden  release  of  energy  is  required,  it 
may  not  even  be  desirable  to  use  an  air-gap  so  small  as 
this,  because  of  the  slowing  up  effect  of  the  iron  on  the 
rate  of  disappearance  of  the  flux  due  to  the  losses  in  the 
iron.  In  this  sense,  an  induction  or  spark  coil  resem- 
bles a  spring  like  an  archer's  bow,  for  example.  With- 
out iron  the  coil  is  like  a  very  stiff  bow,  so  stiff  that  a 
given  pull  can  deflect  it  but  little  and   store  but  little 


ReturnoU  energy  i;; 
proportional  in  each 
case  to  area  .VO/C.EPf. 
COD,  and  ANB,  less 
area  of  hyateresia  loop. 
Stored  and  returned 
energy  is  represented 
by  a  BH  area,  and  the 
beat  ignition  coil  is  the 
one  showing  the  largest 
area  (of  the  type  COD) 
less  the  area  of  the  loop, 
and  having  also  a  loop 
of  moderate  area. 


FIG.    I — BH   CURVES   OF   EXCITATION 

For  the  same  maximum  values  of  H,  but  with  various 
amounts  of  iron. 

energy.  On  the  other  hand,  a  spring  so  flexible  as  to  be 
limp  and  have  no  life  in  returning  to  its  normal  posi- 
tion is  like  a  coil  filled  with  iron  having  no  air-gap.  An 
intermediate  degree  of  stiffness,  that  gives  a  large  de- 
flection for  a  given  pull  and  has  the  least  permanent  set, 
is  nearest  like  the  spark  coil  with  a  proper  proportion  of 
iron  and  air-gap,  such  as  indicated  by  curve  No.  3  in 
Fig.  I. 

Another  analogy  that  applies  quite  directly  to  such 
an  electrical  and  magnetic  energy  storing  device  as  an 
ignition  coil  is  the  hydraulic  ram.  Fig.  2  shows  such  a 
ram  modified  to  transfer  the  energy  from  the  intermit- 
tent flow  of  a  large  volume  of  water  at  a  low  head  to 
intermittent  jets  of  a  very  small  amount  of  water  at  a 
very  high  head  or  pressure.  The  hydraulic  head  is,  of 
course,  the  equivalent  of  the  battery  voltage,  and  the 
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intermittent  flow  of  water  in  the  supply  pipe  stores 
energy  of  mass  motion  in  the  same  way  that  the  pri- 
mary current  stores  up  magnetic  energy,  i.  e.,  flux- 
current  energy.  The  automatic  opening  and  closing  of 
the  main  valve  K  duplicates  the  closing  and  opening  of 
the  contact  points  by  the  cam.  For  the  condenser,  we 
have  the  air  chamber  A.  Both  act  much  alike.  The 
resistance  of  the  pipe  and  throttle  5"  are  similar  to  the 
electrical  resistance  of  the  primary  coil,  and  the  so-called 
ballast  resistance.  The  mass  inertia  of  the  water  is  like 
the  inductance  of  the  coil.  The  effect  of  iron  in  the 
spark  coil  can  be  duplicated  by  supposing  some  salt  dis- 


FIG.    2 — COMPARISON    OF    HYDRAULIC    RAM    WITH    AUTOMOBILE 
IGNITION    CIRCUITS 

solved  in  the  water  (hypothetical  perhaps),  that  largely 
increases  the  specific  gravity  of  the  resulting  solution. 
The  flow  is  the  same  and  the  storage  and  release  of 
energy  is  greater,  quite  as  in  the  case  of  the  addition  of 
iron  to  the  coil.  If  the  solution  becomes  saturated  and 
no  more  salt  will  be  dissolved,  the  condition  becomes 
similar  to  magnetic  saturation.  It  is  more  difficult  to 
imagine  the  equivalent  of  over-saturation  and  residual 
flux  in  the  iron,  but  if  a  surplus  of  salt  would,  for  ex- 
ample, cause  the  sudden  stoppage  of  flow  when  the  valve 
K  closes,  to  start  a  whirling  or  rotary  motion  of  the 
fluid    so    the    energy    of    linear    motion    became    partly 


absorbed  in  that  of  rotary  form,  the  condition  would 
somewhat  resemble  residual  flux  and  iron  losses. 

With  a  given  head  of  water  and  length  of  pipe  it  will 
take  an  appreciable  interval  of  time  for  the  water  to 
accelerate  to  a  full  flow.  The  same  is  true  of  the  electric 
current.  This  interval  is  called  the  time-constant  of  the 
spark  coil,  and  the  water  pipe  has  a  similar  time- 
constant.  If  the  valve  operates  too  rapidly,  the  water 
does  not  have  time  to  come  to  full  velocity  in  the  pipe, 
and  so  does  not  store  its  full  energy.  In  the  same  way, 
if  the  engine  being  served  by  a  spark  coil  of  large  time- 
constant  is  operated  at  such  a  high  speed  that  full  cur- 
rent is  not  reached,  full  energy  is  not  stored  and  the 
spark  is  weakened. 

Perhaps  the  valve  K  will  only  safely  handle  a  certain 
flow  of  water  without  rapid  deterioration.  A  throttle  S 
may  be  used  to  control  and  limit  the  water  flow.  Like- 
wise the  ballast  serves  the  same  purpose  in  the  electrical 
system,  but  has  an  additional  function  in  that,  if  current 
is  left  on  too  long  it  heats  up  and  increases  its  throttling 
action.  As  to  the  secondary  of  the  spark  coil,  the  inter- 
mittent jet  from  the  ram  at  high  velocity,  but  of  small 
volume,  is  the  equivalent  of  the  ignition  spark.  A  fur- 
ther mechanical  elaboration  of  the  ram  could  be  worked 
out  to  give  more  exact  equivalents  of  the  secondary 
winding,  but  enough  has  been  given  to  show  the  simi- 
larity of  the  two  devices.  It  is  seen  then  that  the  storing 
of  low-potential  energy  from  a  battery  in  such  form  that 
it  can  be  released  at  a  high-potential  and  with  great  sud- 
denness is  a  problem  fundamentally  simple,  but  to 
obtain  maximum  results  requires  a  fine  balancing  of  the 
elements  of  the  system.  When  there  is  added  to  that 
the  mechanical  problems  of  rapidly  but  intermittently 
moving  parts  and  the  question  of  insulation  of  the  sud- 
denly released  energy  of  the  spark,  it  is  not  surprising 
that  the  art  has  known  a  variety  of  types  of  ignition 
apparatus. 


Regulation  of  Automobile  Lighting  Generators 


C.  E.  Wilson 

Automobile  Equipment  Div., 

Westinghouse  Electric  &  Mfg.  Company 


THERE  are  so  many  different  makes  and  kinds  of 
automobile  lighting  generators  on  the  market  that 
the  average  car  owner  does  not  have  a  very  clear 
idea  of  the  principles  of  operation  of  any  of  them. 
Essentially,  they  are  all  shunt  generators  with  the  addi- 
tion of  some  means  for  reducing  the  field  strength  as 
the  speed  increases  after  the  speed  and  output  of  the 
generator  reach  a  certain  value.  The  recent  types  also 
have  electrically-operated  contacts  or  cutouts  for  con- 
necting them  to  the  batteries  when  the  voltage  equals  or 
slightly  exceeds  the  battery  voltage. 

The  machine  may  be  a  generator  only,  or  a  motor- 
generator,   which   can   be   used    for   both   lighting   and 


starting.  Motor-generators  are  made  with  one  arma- 
ture winding,  which  can  be  used  for  both  lighting  and 
starting,  or  with  separate  windings  on  the  same  arma- 
ture core.  In  the  double  armature  winding  type,  a  fine 
wire  winding  is  used  for  generating,  and  another  wind- 
ing of  fewer  turns  and  low  resistance  gives  the  necessary 
starting  torque  as  a  motor.  Generators  or  motor-gener- 
ators operate  at  from  one  to  three  times  engine  speed. 
The  ordinary  methods  of  regulation  can  be  used  on 
either  type  of  generator  at  either  six  or  twelve  volts. 

The  output  required  from  the  generator  does  not 
vary  greatly  on  different  makes  of  cars,  but  depends 
more  on  the  individual  drivers  and  the  service  in  which 
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the  cars   are  used.     The   current   consumption   of   the 

six-volt  electrical  equipment  on  the  average  car  is  as 

follows : — 

2 — Sixteen  candle-power  headlights,  taking  about  five  amperes. 
2 — Two  candle-power  side  or  auxiliary  lights,  consuming  about 

one  ampere. 
I — Two  candle-power  tail-light,  one-half  ampere. 
I — Two  candle-power  dash-light,  one-half  ampere. 
l_Starting  motor,  250  amperes  at  start  and  lOO  to  125  amperes 

cranking. 
1 — Ignition  unit,  three-fourths  to  two  amperes. 
I — Horn,  three  to  six  amperes  average. 
Extra  equipments,  such  as  searchlights,  primers,  etc. 

From  this  list  the  current  consumed  under  different 

operating  conditions  can  be  estimated.     With  the  car 


^ 
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a  sufficiently  high  rate  and  at  sufficiently  low  car  speed 
in  miles  per  hour.  This  maximum  rate  should  be  about 
two  amperes  per  positive  plate  of  the  ordinary  starting 
and  lighting  battery.  If  the  generator  begins  charging 
at  8  to  10  miles  per  hour  and  carries  the  total  night 
load  of  seven  to  eight  amperes  at  from  12.5  to  15  miles 
per  hour  the  operation  of  the  system  should  be  satis- 
factory. The  average  charging  current  at  speeds  of  10 
to  20  miles  per  hour  should  be  about  eight  or  ten 
amperes,  depending  somewhat  on  the  method  of  gener- 
ator regulation. 
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FIG.     I — CONNECTIONS    OF    DIl-FERENTl.M,    GENER.\T0R    WITH 
BUCKING   SERIES   COIU 

running  at  night  the  current  consumption  is  about  seven 
amperes.  With  the  car  standing  at  night  the  current 
consumption  is  about  two  amperes.  With  the  car  run- 
ning during  the  daytime  the  ignition  current  required 
varies  from  three-fourths  to  two  amperes.  In  addition, 
the  horn  may  be  operated  for  a  few  seconds  at  fre(|uent 
intervals  and  may  average  an  appreciable  ampere-hour 
consumption.  The  starting  motor  may  be  operated  at 
any  time  for  periods  of  from  five  seconds  to  'iwe^ 
minutes. 

The  difficulty  in  making  a  satisfactory  generator 
application  is  due  to  the  variable  consumption  of  cur- 
rent. The  car  may  be  operated  for  considerable  periods 
at  very  slow  speed  at  night.  It  may  be  left  standing 
at  night  for  many  hours  with  very  little  running  to  re- 
charge the  battery.  The  starting  motor  may  be  oper- 
ated frequently  and  for  rather  long  periods  due  to  igni- 
tion or  carburetor  trouble.  For  these  reasons,  one  owner 
may  operate  his  car  so  that  the  ampere-hours  consumed 
by  the  starting  motor,  lamps  and  ignition  per  hour  the 
car  is  driven  may  be  three  or  four  times  the  ampere- 
hours  required  by  another  owner.  As  the  generator  only 
charges  when  the  engine  is  running,  and  as  the  current 


FIG.    2 — MODIFIED    DIFFERENTIAI-    CONNECTION 

Whereby  the  battery  continues  to  charge  when  the  lights  are  on. 
consumed  has  no  real  relation  to  the  engine  speed,  it  is 
apparent  that  the  generator  itself  cannot  take  care  of 
these  conditions,  but  the  battery  must  be  depended  upon 
to  average  up  the  output  requirements. 

Fortunately,  the  storage  battery  in  itself  is  a  good 
regulator  and  is  really  more  flexible  than  most  any  other 
piece  of  electrical  apparatus.  It  will  stand  a  great  deal 
of  overcharging  without  damage,  and  in  this  way  can 
take  care  of  an  average  input  greatly  in  excess  of  the 
average  output.    The  important  thing  is  to  charge  it  at 


FIG.  3 — MODIFICATION  TO  ALLOW  THE  0I'ER.»iT0R  TO   ADJUST   THE 
AMOUNT   OF   BUCKING    ACTION 

Three  general  systems  of  regulation  are  used  in 
recent  types  of  generators,  the  general  systems  being 
also  modified  by  different  manufacturers  in  minor  ways. 
These  three  systems  with  their  modifications  are  as 
follows : — 

BUCKING    SERIES 

Machines  of  this  type  are  essentially  differential 
compound  generators  with  internal  connections  such  as 
shown  in  Fig.  i.  The  series  field  increases  in  strength 
with  increase  of  output  and  opposes  the  shunt  field, 
thereby  reducing  the  resultant  field  and  keeping  the 
voltage  and  current  within  permissible  limits.  With  this 
type  of  generator  the  storage  battery  really  regulates 
the  voltage  and  the  series  winding  and  speed  of  the 
generator  determine  the  ampere  output.  Three  impor- 
tant modifications  of  this  system  are  used.  A  common 
arrangement  consists  in  bringing  out  a  terminal  between 
the  armature  and  series  field  and  having  the  lamp  load 
connected  to  this  terminal,  as  in  Fig.  2.  In  this  way  the 
generator  operates  as  a  shunt  machine  in  so  far  as  the 
lamp  load  is  concerned,  and  for  this  reason  will  give  an 
increased  output  when  the  lamps  are  turned  on  over  the 
output  given  to  the  battery  only.    This  compensates  in  a 


in 


FIG.  4 — SERIES   FIELD   SHUNTED   BV    IRON-WIRE   BALLAST 

measure  for  the  difference  in  output  required  by  a 
driver  who  uses  his  car  mostly  at  night  and  one  who 
does  a  great  deal  of  touring  in  the  daytime.  A  second 
scheme,  shown  in  Fig.  3,  allows  the  driver  to  adjust  the 
output  of  the  machine.  A  two-position  switch  is  used, 
and  with  one  connection  the  output  at  a  given  speed 
from  the  generator  may  be  ten  amperes,  while  with  the 
other  position  the  output  may  be  15  to  20  amperes. 
This  scheme,  if  properly  used  by  the  car  owner,  will 
compensate  for  the  difference  in  output  required  in 
simimer  and  winter  driving,  or  for  cases  where  increase 
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in  output  is  required  due  to  slow  driving  at  night.  The 
third  scheme  consists  of  a  differential  compound  gener- 
ator with  a  shi.nt  to  the  series  winding.  The  shunt  is  in 
the  form  of  a  Ijallast,  as  in  Fig.  4.  This  device  increases 
the  effect  of  the  series  winding  at  high  currents  and 
gives  a  more  nearly  constant  current  output.  Its  prin- 
cipal advantage  is  the  increase  in  output'  obtained  at  low 
speeds  where  the  machine  can  be  made  to  operate  prac- 
tically as  a  shunt  generator.    The  ballast  may  be  made  in 
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riG.    5 — PERFORMANCE    CHARACTERISTICS    OF    A    GENERATOR    OF    THE 
TYPE   SHOWN   IN   FIG.   2. 

any  of  the  standard  forms  using  a  resistance  which  has 
a  high  temperature  coefficient.  Fig.  5  shows  the  output 
as  a  generator  with  the  special  lamp  terminal  connec- 
tions shown  in  Fig.  2.  Somewhat  similar  curves  are 
obtained  by  the  other  modifications  of  the  bucking 
series  types  of  regulation. 

THIRD    BRUSH 

Machines  of  this  type  usually  have  only  a  shunt 
winding,  and  the  decrease  in  genera  or  field  strength  is 
obtained  by  means  of  a  third  brush  •  n  the  commutator. 
Two  different  wiring  arrangements  ;.!  ^  used.  The  one 
shown  in  Fig.  6  has  a  shunt  field  connected  from  the 
third  brush  to  one  of  the  main  brushes,  so  that  wher.  the 
load  on  the  generator  increases  the  voltage  across  the 
shunt  winding  will  decrease  due  to  the  distortion  of  the 


held  of  the  generator.  Local  currents  in  the  armature 
conductors  under  the  main  brushes  also  have  this  same 
effect,  and  a  considerable  reduction  in  the  generator  field 
strength  at  high  speed  can  be  obtained  by  using  an  espe- 
cially wide  brush  for  the  main  brushes.  This  second 
scheme  of  third  brush  regulation  gives  essentially  the 
same  regulation  as  the  first  scheme,  but  probably  the 
generator  is  not  quite  as  efficient. 

MECHANICAL    REGULATOR 

The  essential  principle  of  the  separate  regulator  con- 
sists of  a  pair  of  contacts  operated  by  small  electro- 
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FIG.   6 — THIRD  BRUSH   REGULATION   OF   A   FOUR-POLE    MACHINE 

field  caused  by  the  armature  ampere-turns,  as  shown  in 
Fig.  7.  Fig.  8  shov/s  the  output  of  the  generator  with 
this  style  of  regulation  and  also  the  voltage  across  the 
shunt  winding.  The  current  in  the  shunt  winding,  which 
decreases  as  the  armature  current  increases,  tends  to 
keep  down  the  maximum  temperature  rise  of  the  gener- 
ator and  increases  the  efficiency.  The  second  scheme  for 
using  the  third  brush  is  shown  in  Fig.  9.  With  this  ar- 
rangement, cross  currents  are  set  up  in  the  armature 
conductors  between  the  third  brush  and  one  of  the  main 
brushes  in  such  a  way  that  they  tend  to  demagnetize  the 


FIG.     7 — MAGNETIC     FIELD     DISTRIBUTION     OBTAINED     WITH     SCHEME 
SHOWN   IN   FIG.  6 

This  curve  explains  graphically  why  the  shunt  field  decreases 
as  the  armature  current  increases. 

magnets,  which  cut  resistance  in  and  out  of  the  shunt 
field  circuit,  as  shown  in  Fig.  10.  These  regulators  are 
made  in  a  number  of  different  forms,  but  may  be  classed 
as  voltage  or  current  regulators.  The  voltage  regulator, 
as  its  name  implies,  regulates  the  field  strength  of  the 
generator  to  keep  the  voltage  within  very  close  limits,  as 
shown  in  Fig.  11.  Machines  of  this  class  may  be  used 
without  a  storage  battery  without  danger  of  burning 
out  the  lamps,  although  the  voltage  is  not  quite  so  stable, 
especially  at  high  speed.  -\s  shown  in  Fig.  12,  the  volt- 
age is  regulated  ♦^lirough  a  range  which  permits  the 
charging  of  a  storage  battery  at  a  high  rate  when  the 
battery  voltage  is  low  and  at  a  much  lower  rate  when  the 
battery  voltage  is  high.  In  other  words,  the  charging 
current  depends  on  the  state  of  charge  of  the  battery  and 
its  corresponding  voltage  un.lor  normal  charging  condi- 


FIG.    8— PERFORM ANXE    OF    THIRD    BRUSH    GENFUATOR    OF    TU::     i'VPE 
SHOW.N'    IN    FIG.  6 

tions.  This  is  a  very  desirable  characteristic  and  in 
itself  will  take  care  of  widely  different  conditions  of 
current  demand  on  the  generator  and  battery. 

The  current  regulator  is  similar  to  the  voltage  regu- 
lator, except  that  the  magnet  coils  are  wound  to  regulate 
the  output  for  constant  current  instead  of  for  constant 
voltage.  The  main  coil  of  the  regulator,  which  opens 
and  closes  the  regulator  contacts,  is  in  series  with  the 
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battery  instead  of  in  shunt  to  it.  This  type  of  regulator 
does  not  seem  to  have  any  particular  advantage  over  the 
third  brush  or  bucking  series  type  of  inherent  regu- 
lation, as  the  battery  is  still  depended  upon  to  determine 
the  voltage,  and  i:he  additional  complication  of  the  regu- 
lator is  hardly  justified  by  the  fact  that  the  current  out- 
put of  the  generator  is  constant  above  a  certain  speed. 
Modifications  of  the  current  regulator  are  made  which 
cut  resistance  in  series  with  the  shunt  field  in  one  or  two 
steps.  The  output  obtained  from  a  generator  with  this 
type  of   regulation  increases  up  to  a  certain  point,  at 


an  automobile  with  a  minimum  of  attention.  Any  of 
the  previously  mentioned  schemes  of  regulation  should 
give  satisfactory  results  if  the  generator  has  sufficient 
capacity  and  output  at  the  proper  speed  in  car-miles  per 
hour,  especially  if  the  car  owner  will  give  the  system 
a  very  reasonable  amount  of  attention.  It  does  not  take 
an  engineer  to  read  a  voltmeter  or  a  hydrometer,  and 
it  is  as  important  that  the  battery  be  refilled  with  pure 
water  now  and  then  as  it  is  that  the  crank  case  be  sup- 


FIG.    9 — ANOTHER    METHOD    OF    REGULATING    BY    MEA.VS    01-    A 
THIRD   BRUSH 

which  the  resistance  is  cut  in  circuit  with  the  shunt  field 
and  the  output  is  reduced  to  a  much  lower  value.  As  the 
generator  speeds  up  the  output  again  increases  from 
this  figure. 

CONCLUSIONS 

All  of  these  types  of  regulation  have  been  used 
successfully  on  automobiles.  The  essential  thing  is  to 
have  a  generator  which  will  give  an  output  at  low  speed 
in  car-miles  per  hour  and  which  has  a  sufficiently  high 
average  output  at  speeds  of  lO  to  20  miles  per  hour,  and 
at  the  same  time  does  not  exceed  a  maximum  current 
which  will  cause  the  battery  to  gas  an  excessive  amount 
or  will  damage  it  by  overheating. 

The  variation  in  service  conditions  produced  by  the 
different  habits  of  individual  car  operators  causes  the 
output  of  the  generator  and  battery  to  differ  through 


EIG.    10 — CONNECTIONS   OF   COMBINATION    VOLT.\GE    REGULATOR 
AND   CUT-OUT 

wider  ranges  than  do  the  outputs  obtained  from  gener- 
ators with  different  systems  of  regulation.  The  gener- 
ator must  be  made  so  that  it  will  continue  to  give  the 
regulation  and  output  for  which  it  was  originally  de- 
signed, and  so  that  it  cannot  be  damaged  by  overheating 
for  any  conditions  of  operation.  It  must  also  be  suf- 
ficiently rugged  to  stand  up  under  the  service  given  it  on 
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VIC.     H — REGULATION    CHAR.\CTERISTIC    OF    AliTOMOBILE    GENERATOR 
AND   REGULATOR 

plied  with  oil  and  the  gasoline  tank  with  gasoline.  If  a 
driver  finds  that  the  battery  is  overcharging  it  is  a  very 
simple  thing  to  leave  the  headlights  on  for  a  few  hours 
some  evening  when  the  car  is  standing,  or  operate  the 
engine  with  the  starting  motor  for  a  few  minutes ;  like- 
wise, if  the  battery  shows  a  tendency  to  run  down,  care 
should  be  taken  not  to  operate  the  car  at  night  with  both 
sidelights  and  headlights  burning,  leave  it  standing  at 
night  with  the  headlights  burning  in  place  of  the  side- 
lights, or  to  operate  the  engine  with  the  starting  motor 
for  two  or  three  minutes  at  a  time  when  starting  up.  If 
the  engine  fails  to  start  immediately  when  the  starting 
switch  is  closed,  an  investigation  should  be  made  to 
determine  the  cause  for  its  not  starting.  Usually  the  dis- 
covery will  be  made  that  there  is  no  gasoline,  that  the 
ignition  switch  is  not  turned  on  or  that  the  engine  does 
not  start  for  some  other  reason,  and  simply  turning  it 
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FIG.    12 — BATTERY    CHARGING    CHARACTERISTICS    OF    GENERATOR    AND 

REGULATOR    UNDER    VARYING    CONDITIONS    OF    LOAD 

AND  BATTERY   CHARGING 

over  on  the  starting  motor  will  not  start  it.  There  is 
nothing  mysterious  about  the  operation  of  the  lighting 
equipment  on  an  automobile,  and  the  individual  owner 
can  do  more  to  make  the  operation  of  the  system  on  his 
car  a  success  by  paying  attention  to  some  of  these 
points  than  the  electrical  manufacturers  can  by  design- 
ing different  schemes  of  regulation. 


Mechanical  Applications  of  Generators 

and  Motors 


W.  A.  Dick 
Engineer,  Automobile  Equipment  Diw. 
Westinghouse  Electric  &  Mfg.  Company 


At'lECE  of  electrical  apparatus  for  an  automobile 
may  be  excellent  in  construction  and  perform- 
ance, and  yet  if  it  is  not  properly  mounted  or 
driven  it  may  fail  to  function  properly.  Correct  appli- 
cation has  not  always  been  given  the  attention  that  it 
deserves,  and  the  electrical  apparatus  has  been  blamed, 
unjustly,  for  troubles  due  to  faulty  mechanical  applica- 
tion. The  following  description  gives  the  salient  fea- 
tures and  methods  adopted  to  secure  good  results.  No 
attempt  will  be  made  to  cover  all  applications  but  typ- 
ical ones  that  appear  to  represent  good  practice. 

The  machines  covered  are  the  generators  for  lighting 


FIG.    I — MOUXTIXG    BR.VCKET    ANLJ    CI,.\MPIXG    STR.\P    I-UK    A 
ROUNU   GENERATOR 

and  for  charging  the  storage  batteries,  the  magnetos  and 
other  ignition  devices  and  the  motors  for  starting  the 
engines.  These  are  nearly  always  inounted  on  some 
part  of  the  engine. 

METHODS    OF    SUPPORT 

The  machine  is  supported  by  a  bracket,  usually  ex- 
tending underneath,  to  which  it  is  strapped  or  bolted. 
These  brackets  are  sometimes  made  integral  with  the 
engine  castings,  or  more  often  separate  castings  are 
made  and  bolted  to  suitable  pads  on  the  engine.  The 
latter  is  a  more  flexible  arrangement,  as  it  allows  for 
brackets  for  different  types  and  shapes  of  machines 
without  change  to  the  engine,  a  desirable  feature  from 
the  engine  builder's  standpoint.  The  material  is  usually 
cast  iron,  though  aluminum  may  be  used  where  lightness 
is  especially  important.  Fig.  i  shows  a  mounting  bracket 
and  clamping  strap  for  a  round  generator.    Fig.  2  shows 


a  bracket  for  a  rectangular  frame  starting  motor.  Figs. 
3  and  4  show  applications  of  a  generator  with  an  igni- 
tion device  mounted  on  it,  and  a  motor  to  a  standard 
engine,  using  brackets  which  are  bolted  to  pads  on  the 
crank  case.  The  housing  on  the  end  of  the  motor  for 
the  pinion  shaft.  Fig.  4,  has  a  flange  which  is  bolted  to  a 
machined  surface  on  the  flywheel  housing.  The  nose  of 
the  housing  is  generally  provided  with  a  circular  ring, 
which  slides  into  a  corresponding  circular  hole  in  the 
flywheel  housing.  Thus  is  secured  an  arrangement 
with  a  very  rigid  support  and  a  simple  and  accurate 
alignment  in  assembling  without  fitting.  Careful  atten- 
tion has  been  paid  to  details  of  oiling,  etc. 

Where  greater  rigidity  is  required,  as  for  instance 
in  the  case  of  high-torque  motors  of  the  round  type,  the 
bracket  is  strengthened  and  the  strap  clamp  is  replaced 
by  a  semi-circular  casting  bolted  to  the  bracket.  An- 
other modification  that  is  very  satisfactory,  where  the 
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FIG.    2 — BRACKET    FOR   RECTANGULAR    FRAME    STARTING    MOTOR 

flywheel  housing  is  made  to  suit,  is  to  support  the  motor 
entirely  from  the  housing  flange  and  do  away  with  any 
bracket  support  underneath.  Such  a  design  is  shown  in 
Fig.  5.  A  similar  arrangement  is  also  used  for  gener- 
ators. A  different  type  of  flange  for  motor  mounting  is 
given  in  Fig.  6.  In  this  case  an  outboard  bearing  for  the 
shaft  is  provided  in  the  flywheel  housing.  Occasionally 
applications  come  up  where  it  is  not  possible  to  attach 
mounting  brackets  to  the  engine  crank  case.  An  arrange- 
ment worked  out  for  such  a  case  mounts  the  motor  on 
the  engine  arm,  as  per  Fig.  7.  When  properly  designed, 
the  machining  can  be  made  to  provide  for  properly  plac- 
ing the  apparatus  so  that  little  or  no  fitting  or  adjustment 
is  required. 

Points  to  be  taken  into  account  in  designing  applica- 
tion fittings  can  be  summarized  as  follows  : — 

Accessibility. 

Strength  to  meet  service  requirements. 

Ease  of  assembly. 

Appearance. 

Minimum  weight. 

Minimum  machinin.g. 

METHODS  OF  CONNECTION  TO  ENGINE 

Two  general  methods  have  to  be  employed,  one  for 
.generators  and  ignition  devices,  which  are  driven  con- 
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tinuously,  and  the  other  for  motors  which  are  required 
to  run  only  during  the  starting  period. 

The  more  usual  method  of  connecting  up  generators 
or  magnetos  to  the  driver  shaft  is  by  means  of  couplings. 
These  vary  widely  in  design,  but  are  usually  of  the  flexi- 
ble type.     It  should  be  borne  in  mind,  however,  that  a 


speeds  because  of  the  tendency  to  noise  with  high  pitch 
line  speeds  and  space  limitations. 

Belt  drive  for  generators,  while  employed  to  some 
extent,  has  not  met  with  a  wide  use  because  of  the  dif- 
ficulty in  preventing  belt  slippage  over  a  wide  range  of 


FIG.    3 — METHOD    OF    MOUNTING    A    GENERATOR    WITH    AN    IGNITION 
DEVICE    CONNECTED    TO    IT 

so-called  flexible  coupling  should  be  well  aligned  for  the 
best  results.  Sometimes  the  water  pump  of  the  engine, 
the  generator  and  the  magneto  are  all  in  tandem  and 
driven  from  the  same  shaft.  This  requires  a  good  co- 
ordination of  mountings  and  couplings  for  the  best  re- 
sults. A  tandem  arrangement  is  not  always  possible 
because  of  space  limitations.  In  such  cases  the  best 
arrangement  is  to  use  a  generator  with  the  ignition  de- 
vice mounted  on  it  and  driven  from  its  shaft.  Where  a 
magneto  is  used,  one  of  the  two  machines  is  placed  above 
the  other  and  the  upper  one  driven  from  the  pump 
shaft  by  gearing  or  a  chain.  This  is  not  a  particularly 
desirable  combination  and  should  be  avoided  wherever 
possible.  When  used,  a  housing  for  gears  or  chain  is 
desirable,  and  with  a  chain  drive  a  readily  accessible  and 
easily  adjusted  device  should  be  provided  for  taking  up 
the  chain  stretch. 

A  generator  mounting,  tending  towards  simplification, 
is  similar  to  Fig.  5,  and  was  briefly  mentioned  above. 


FIG.    4 — METHOD    OF    MOUNTING    A    STARTING    MOTOR    ON    A 
TYPICAL   ENGINE 

Using  the  brackets  shown  in  Fig.  2. 

The  machine  is  bolted  to  the  gear  case  by  means  of  a 
flange  on  the  end  bracket,  the  driving  gear  or  sprocket 
being  mounted  directly  on  the  generator  shaft.  This 
arrangement  does  away  with  bearings,  shafts  and  coup- 
lings required  by  the  method  of  coupling.  Ignition  de- 
vices may  be  attached  to  the  machine,  if  desired.  Gen- 
erators, as  a  rule,  have  been  designed  to  run  at  moderate 


FIG.   5 — METHOD  OF   MOUNTING  A   STARTING    MOTOR  ON   THE   FEY- 
WHEEL  HOUSING  FLANGE 

speed.     When  employed  a  belt-tightening  device  must 
be  used. 

Starting  motors  are  nearly  always  geared  to  the 
crank  shaft,  the  most  common  way  being  to  cut  teeth  in 
the  rim  of  the  flywheel  and  make  use  of  it  as  a  gear- 
wheel. The  motor  may  be  directly  connected  to  the  fly- 
wheel through  a  pinion  on  the  armature  shaft,  giving  a 
single  reduction  drive,  or  an  intermediate  gear  may  be 
used,  thus  giving  a  double  reduction  drive.  There  is  a 
noticeable  tendency  to  go  to  the  single  reduction  arrange- 
ment, as  the  increase  in  the  size  of  the  motor,  due  to  its 
lower  speed,  is  largely  offset  by  the  elimination  of  the 
extra  gear,  counter  shaft,  clutch,  etc.  The  double  reduc- 
tion arrangement  requires  the  use  of  an  overrunning 
clutch,  to  allow  the  engine  to  run  ahead  of  the  motor 
when  firing  takes  place ;  otherwise  the  armature  would 
reach  a  destructive  speed  before  the  engaging  pinion 
could  be  released.  On  all  but  the  largest  sizes  of  engines, 
teeth  cut  in  the  cast  iron  flywheel  rims  appear  to  be 
fairly  satisfactory.  In  the  largest  sizes  a  steel  gear  ring 
is  mounted  on  the  flywheel.     The  starting  motors  are 


PIG     6 — ANOTHER  TYPE  OF   FLANGE   MOUNTING 

thrown  into  engagement  by  shifting  a  pinion  into  mesh 
with  the  flywheel  teeth. 

Gear  shifting  mechanisms  may  be  generally  classified 
into  non-automatic  and  automatic. 

Non-uiitomatic,  mostly  used  with  double  reduction 
applications.  The  pinion  is  thrown  into  mesh  through  a 
fork  on  a  push  rod  operated  by  a  lever  in  the  car.  Sim- 
ultaneously with  the  shifting  of  the  pinion,  the  electrical 
circuit  to  the  motor  is  controlled  so  that  an  initial  slow 
speed  is  obtained  for  engaging  the  teeth  of  the  pinion 
with  those  of  the  flywheel  and  a  final  closing  of  the  cir- 
cuit is  made  after  the  pinion  is  in  full  mesh.    The  gear 
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teeth  are  chamfered  to  secure  ready  meshing.  Demesh- 
ing  is  accomplished  by  releasing  the  lever,  the  return 
being  caused  by  a  spring.  This  arrangement,  as  ex- 
plained above,  requires  an  overrunning  clutch.  In  a 
modification  of  this  scheme,  which  is  somewhat  simpler, 
a  single  reduction  motor  is  employed,  the  pinion  being 


FIG.   7 — METHOD  OF    MOUNTING  STARTING    MOTOR  ON   THE 
ENGINE   ARM 

placed  on  a  square  extension  of  the  armature  shaft. 
Electrical  connections  to  the  motor  are  not  made  until 
the  pinion  has  been  shifted  into  full  mesh. 

Automatic — With  this  scheme  the  driver  has  merely 
to  close  the  starting  switch,  the  pinion  then  being  auto- 
matically engaged  with  the  flywheel  before  the  motor 
begins  to  crank  the  engine.  There  are  two  automatic 
types,  the  electrical  and  the  mechanical.  In  the  elec- 
trical, as  soon  as  the  motor  circuit  is  closed,  the  pinion 
is  drawn  into  mesh  by  a  magnetic  action  in  the  motor 
itself  and  against  a  spring,  tending  to  hold  the  pinion 
in  the  oi¥  position.  As  soon  as  the  engine  fires,  the  cur- 
rent through  the  motor,  due  to  the  load  being  taken  oft, 
is  decreased,  thus  reducing  the  magnetic  pull  to  such  a 
small  value  that  the  spring  returns  the  pinion  to  the  of¥ 


threaded  and  placed  on  the  threaded  pan  of  the  shaft. 
As  soon  as  the  shaft  of  the  motor  begins  to  revolve  the 
pinion  moves  over  into  mesh,  being  kept  from  turning 
by  its  inertia.  As  soon  as  the  engine  fires,  the  action  is 
reversed  and  the  pinion  moves  out  of  mesh.    The  pinion 


FIG.    8 TYPICAL     METHODS    OF     PINION     MESHING 

Top — Spiral  screw  shift. 

Middle — Spiral  screw  shift  for  enclosed  flywheel. 

Bottom — Magnetic  shift. 

position.  The  gear  teeth  are  chamfered  and  a  spiral 
tooth  is  used  to  facilitate  meshing  and  demeshing  as 
shown  in  Fig.  9.  In  the  mechanical  type  of  shift  a  special 
threaded  shaft  is  fitted  to  the  motor.    The  pinion  is  also 


FIG.  9 — APPLICATION   OK    STARTING    MOTOR,  GENERATOR   AM)  IGNITION 
SET    TO    A    PIERCE-.\RROW    SIX-CYLINDER    ENGINE 

The  magnetic  type  of  gear  shift  is  shown  at  the  right  of  the 
starting  motor,  meshing  with  teeth  on  the  flywheel. 

is  provided  with  an  unbalanced  weight  to  facilitate  its 
action  when  the  motor  is  first  started  and  also  to  prevent 
it  from  working  into  mesh  from  vibration  when  the  car 
is  running.  For  meshing  more  readily  the  flywheel  gear 
teeth  are  chamfered  if  of  steel,  but  are  left  unchamfered 
if  of  cast  iron. 

In  another  type  of  drive  a  single  machine  is  used, 
performing  both  the  function  of  starting  and  lighting, 
and  commonly  called  a  motor-generator.  A  more  cor- 
rect term  is  motor  and  generator.  Below  certain  speeds 
this  machine  operates  as  a  motor,  and  above  them  as  a 
generator.  The  machine  is  in  continuous  operation  and 
a  chain  drive  is  used.  Sometimes  the  chain  is  placed  at 
the  front  end  of  the  engine  and  enclosed  in  a  gear  case ; 
sometimes  it  is  at  the  rear  of  the  engine  and  the  chain 


FIG.    10 — APPLICATION    OF   ST.\RT1.NG    MOTOR   TO   AI.LEN    ENGINli 

is  run  open.  The  points  to  be  observed  in  this  drive  are, 
that  the  chains  should  be  of  ample  size,  the  diameter 
of  the  sprockets  should  not  be  too  small,  centers  should 
be  as  short  as  possible,  the  alignment  good,  and  means 
should  be  provided  for  taking  up  the  chain  stretch. 

Careful  consideration  of  all  the  conditions  involved 
and  due  attention  to  details  are  necessary  for  any  suc- 
cessful application  of  electrical  apparatus  to  an  auto- 
mobile. 


Control  Switches  for  Electrical  Equipment 


OF   GAS-DRIVEN   AUTOMOBILES 


I!.  D.  Ku.NKi.i; 


THE  electrical  control  equipment  for  automobiles 
varies  with  the  type  and  number  of  electrical 
units  comprising  the  application.  Before  the  ad- 
vent of  electric  starting  and  lighting,  the  control  con- 
sisted of  a  simple  on  and  oiif  switch  to  control  the  igni- 
tion circuit.  This  is  still  the  case  on  cars  using  the  gas 
lighting  systems.  The  addition  of  the  electric  starting 
and  lighting  has  made  necessary  the  use  of  switches 
to  control  these  functions. 

LIGHTING  CIRCUITS 

The  control  of  the  lighting  equipment  is  divided  into 
two  features ;  one  governs  the  circuit  of  the  generator 
to  the  battery  and  the  other  controls  the  lighting  circuit. 
The  circuit  from  the  generator  to  the  battery  is  usually 
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FIG.    1 — CONNECTIONS   FOR  GENERATOR 

With  separate  regulator,  vertical  ignition  unit,  starting  motor, 

ammeter,  fuse  block,  starting  switch  and  single-pole 

ignition  and  lighting  switch. 

controlled  by  an  automatic  magnetic  cut-out  with  cur- 
rent and  potential  coils,  the  complete  mechanism  in  most 
cases  being  built  onto  the  generator  to  avoid  outside 
wiring.  This  relay  closes  from  generator  to  battery, 
when  the  generator  voltage  reaches  a  predetermined 
value  for  which  the  cut-out  is  set,  which  is  the  point 
where  the  generator  starts  to  charge  the  battery.  This 
pull-in  coil  operates  against  a  return  spring  and  the  cut- 
out switch  is  automatically  opened  by  the  action  of  this 
spring  and  the  reverse  current  coil.  When  the  decreas- 
ing speed  of  the  generator  allows  the  voltage  to  drop 
below  that  of  the  battery  and  begins  to  draw  a  discharge 
or  reverse  current  through  the  current  coil  of  the  relay, 
the  relay  releases.  This  makes  the  closing  and  opening 
of  the  relay  automatic  with  varying  speeds  of  the  engine. 
The  switches  controlling  the  circuits  to  the  lamps  are 
of  the  single-pole  type,  one  side  of  the  lamps  being  con- 
nected directly  to  the  battery,  either  by  a  wire  or  by 


lieing  grounded  to  the  frame  of  the  car  as  in  the  case  of 
the  single-wire  system.  The  switches  themselves  usu- 
ally consists  of  a  series  of  push  or  pull  button  units,  one 
for  each  combination  of  lights  and  all  mounted  on  the 
same  plate,  or  they  may  consist  of  some  rotating  finger 
or  contact  scheme,  which  with  successive  positions  of  the 
operating  handle  will  complete  the  circuits  for  the  com- 
binations desired.  As  the  voltage  employed  in  automo- 
bile equipments  seldom  exceeds  12  volts  and  the  current 
for  any  lighting  circuit  is  rarely  over  five  amperes  and 
as  the  insulation  distances  necessary  are  quite  small,  the 
switches  may  be  made  very  compact  and  the  construction 
of  parts  as  limited  as  is  consistent  with  durability. 

Locking  features  are  incorporated  in  many  of  the 
designs  to  prevent  tampering  with  the  lights.  In  most 
cases  this  is  taken  care  of  by  using  a  removable  handle, 
which  the  car  operator  can  take  with  him  when  he  leaves 
the  car.  In  some  designs  a  standard  form  of  lock  is 
mounted  in  the  face  plate  of  the  switch  and  locks  the 
mechanism  in  any  desired  position. 

The  majority  of  applications  now  require  one  of  two 
lighting  combinations,  each  group  of  which  may  be  ob- 
tained with  one  operation  of  button  or  lever.  One  of 
these  combinations  is  off — head  and  tail — side  and  tail. 
The  other  combination  is  ofT — head  and  tail — head  dim 
and  tail.  The  dimming  is  accomplished  either  by  con- 
necting the  two  head  lamps  in  series  or  by  connecting  a 
resistance  in  the  lamp  circuit.  The  latter  scheme,  while 
less  economical  from  the  standpoint  of  operation,  is  the 
one  usually  employed,  as  it  avoids  the  necessity  of  run- 
ning two  separate  wires  from  the  switch  to  each  head 
lamp.  As  the  dimming  of  head  lamps  is  becoming  more 
common,  separate  dimming  switches  are  often  provided, 
located  conveniently  for  the  car  operator.  The  normal 
position  of  the  switch  shunts  the  dimmer,  but  when 
opened  throws  the  dimmer  in  series  with  the  head 
lights.  In  lighting  applications  where  they  are  included, 
separate  push  or  pull  button  switches  are  usually  pro- 
vided for  operating  instrument-dome  or  pillar  lights. 
The  law  in  some  states  requires  the  closing  of  the  tail 
lamp  circuit  at  the  lamp  in  order  that  the  car  operator 
may  be  certain  that  the  tail  lamp  is  lighted.  The  closing 
and  opening  of  the  circuit  is  usually  done  by  engaging 
or  disengaging  a  bayonet  type  of  connector  attached  to 
the  lamp  cable  and  fitting  a  suitable  receptacle  in  the 
base  of  the  lamp. 

In  most  cases  where  electric  lighting  is  used,  but  not 
electric  starting,  leads  are  brought  out  from  the  gener- 
ator and  a  switch  is  provided  for  opening  the  shunt  field 
circuit  of  the  generator  to  prevent  overcharging  of  the 
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battery.  This  scheme  is  extensively  used  in  luiroiie, 
where  electric  starting  is  not  as  generally  eni[)loye(l  as  in 
America. 

STARTING   MOTOR  CONTROL 

.\s  in  the  case  of  the  lights,  the  starting  motor  is  usu- 
ally controlled  by  a  single-pole  switch  in  the  motor  cir- 
cuit.   Since  the  voltage  is  low  the  current  of  the  starting 


wheel.  In  these  cases  the  switches  are  mounted  on  a  suit- 
able casing  attached  to  the  steering  column.  A  scheme 
that  is  meeting  with  some  favor  is  to  provide  a  die 
casting,  of  neat  design,  made  to  carry  all  switches  and 
instruments,  including  instrument  lamp  and  fuse  blocks. 
This  plate  is  mounted  on  the  dash  or  on  a  special  instru- 
ment board.    This  scheme  presents  advantages  in  that  all 


motor  is  relatively  high,  accordingly  the  starting  switch     the  small  wiring  usually  found  on  the  back  of  the  dash 
is  made  suitable  for  carrying  from  three  to  four  hundred     can  be  done  before  the  plate  is  mounted  in  place  and 


amperes  for  as  long  as  the  battery  will  stand  up  under 
the  load  condition.  The  normal  cranking  current  taken 
by  the  motor  after  the  engine  has  started  to  turn  over 
varies  from  no  to  175  amperes,  depending  upon  the  size 
of  the  engine.  In  order  to  assure  satisfactory  operation, 
the  starting  switch  must  be  capable  of  breaking  this  cur- 
rent repeatedly  without  undue  burning  of  contacts.  In 
the  construction  of  the  earlier  starting  switches,  the  cir- 
cuit was  usually  made  and  broken  by  bridging  two  ter- 


leaves  only  the  main  circuits  to  be  connected  up  to  the 
switch  terminals  when  the  car  is  assembled. 

On  one  car  a  lighting  and  horn  switch  combination 
is  used,  consisting  of  a  large  knob  or  turn  button  on  a 
small  steel  rod  passing  up  through  the  center  of  the 
steering  column,  the  knob  being  located  above  and  in  the 
center  of  the  starting  wheel.  At  the  lower  end  of  the 
steering  column  the  rod  connects  to  a  special  lighting  and 
horn  switch.    Depressing  the  knob  closes  the  horn  motor 


minal  contacts  with  a  solid  metal  disc.     This  form  has     circuit,  while  rotation  of  the  knob  operates  the  lighting 
been  replaced  almost  entirely  by  contacts  having  a  slight     switch. 


wipe  or  rock  between  contact  surfaces.  This  action  be- 
tween contacts  prevents  burning  of  surfaces  from  inter- 
fering with  the  operation  of  the  switch.  The  starting 
switch  is  usually  operated  by  a  foot  pedal  or  push 
button,  and  remains  closed  only  while  held  in  that  posi- 
tion by  the  car  operator.  A  magnetic  relay  is  sometimes 
used  in  the  motor  circuit  instead  of  a  foot-operated 
switch,  the  relay  being  controlled  by  a  push  button.  The 
latter  arrangement  simplifies  the  starting  operation  and, 
as  the  relay  is  mounted  close  to  the  motor,  it  avoids  the 
necessity  of  carrying  the  heavy  starting  motor  cables  to 
the  toe  board  or  dash.  Typical  diagrams  for  both  light- 
ing and  starting  combinations  with  ignition  are  shown 
in  Figs.  I  and  2. 

\\'here  the  motor  and  generator  are  combined  in  one 
unit  the  switching  arrangement  is  usually  one  of  two 
comljinations,  although  the  exact  construction  may  vary. 
One  of  these  combinations  is  a  starting  switch  and  mag- 
netic relay  mounted  in  the  same  case  and  attached  to  the 
car  body,  or  made  and  mounted  in  a  manner  similar  to 
that  employed  where  separate  units  are  used.  The  other 
arrangement  connects  the  unit  directly  to  the  Itattery, 
allowing  it  to  remain  constantly  in  circuit  so  long  as 
the  switch  is  closed.  With  this  combination  the  machine 
will  operate  as  a  motor  below  the  speed  at  which  its 
voltage  will  balance  the  batterv  voltage  or  as  a  gener- 
ator above  this  point.  This  scheme  is  sometimes  termed 
the  "non-stall"  comliination.  as  the  automatic  change 
from  generator  to  motor  keeps  the  engine  tm-ning  over 
in  case  of  instantaneous  failure  of  spark  or  gas. 

ARRANGEMENT  OF   CONTROL   UNITS 

The  location  of  the  control  units  varies  greatly  with 
the  different  type  of  automobiles,  the  more  common  loca- 
tion being  the  instrument  board  or  cowl  dash.  The 
lighting  and  ignition  circuit  control  must  necessarily  be 
within  easy  reach  of  the  driver.  In  some  instances  the 
control  switches  are  located  directlv  under  the  steering 


Another  scheme,  which  probably  makes  the  most  de- 
sirable combination  of  all,   is  to  have  the  instruments 


FIG.  2^C0NNECTI0NS  KOR  STARTING   MOTOR,  .X.N'U  LIOHTING  .\XU 
IGNITION    GENERATOR 

With  two-gang  lighting  and  ignition  switch,   ammeter 
and  fuse  block. 

and  switches  and  fuses  mounted  in  a  separate  compart- 
ment, the  front  of  which  makes  up  the  instrument  board. 
This  front  panel  or  a  side  panel  is  hinged  and  may  be 
swung  open,  exposing  the  wiring,  fuses  and  instrument 
backs.  This  provides  special  protection  for  the  switches 
and  instruments  and  locates  the  small  interconnecting 
wiring  where  it  can  be  conveniently  inspected.  This 
arrangement  is  somewhat  expensive  as  regards  first  cost. 
l)ut  goes  a  long  way  toward  the  prevention  of  trouble. 

While  as  yet  there  is  no  equipment  for  the  control  of 
the  electrical  apparatus  on  automobiles  that  may  be 
called  standard,  the  scheme  last  mentioned  is  the  one 
growing  most  in  favor.  Having  the  parts  grouped 
together  and  at  the  same  time  accessible  assures  a  greater 
amount  of  attention  being  given  the  wires  and  connec- 
tions. Facilitating  the  inspection  of  parts  is  the  best 
insurance  against  trouble  with  the  electrical  equipment 
and  greatly  simplifies  the  locating  of  trouble  whenever 
it  occurs. 


The  Application  of  Electric  Starting  and 
Lighting  to  the  Ford  Car 


W.  O.  LuM 

Automobile  Equipment  Dept., 

Westinghouse  Electric  &  Mfg.  Company 


THE  problem  of  applying  starting  and  lighting  sets 
to  the  Ford  car  resolves  itself  finally  into  the  selec- 
tion of  a  durable  and  satisfactory  method  of  driv- 
ing a  single  motor  and  generator  unit  from  the  Ford 
engine  crank  shaft.  Because  of  the  fact  that  there  are 
no  exposed  moving  parts  on  the  power  plant,  excepting 
the  crank  shaft  at  the 
forward  end  of  the 
motor  where  the  fan 
pulley  is  mounted,  it 
becomes  necessary  to 
use  a  single  unit  for 
both  starting  motor 
and  lighting  gener- 
ator. The  space  avail- 
able is  of  such  a  na- 
ture that  a  silent  chain 
offers  the  only  suita- 
ble means  for  driving, 
and  is  so  limited  that 
the  largest  chain  that 
can  be  used  is  one 
inch  wide  and  three  eighths  inch  pitch.  The  width  is 
determined  by  the  shape  of  the  engine  base,  while  the 
pitch  is  determined  by  the  armature-shaft  crank-shaft 
ratio.  The  smallest  pinion  that  a  silent  chain  will  run 
over   satisfactorily   is    15   teeth,   except   some   specially 


this  torque,  plus  a  safety  factor,  when  geared  approxi- 
mately 2.25  :  I.  With  a  13  tooth  pinion  on  the  motor- 
generator  shaft  29  teeth  are  needed  on  the  crank-shaft 
sprocket  to  give  this  ratio.  There  is  just  space  enough 
between  the  engine  base  and  crank  shaft  to  accommodate 
a  29-tooth  three-eighths-inch  pitch  sprocket,  as  shown 

in  Figs.  3  and  4. 

It  is  well  known  by 
users  of  silent  chains 
that  any  drive,  where 
the  center  distances 
exceed  seven  inches 
between  driving  and 
driven  sprocket,  will 
develop  at  certain 
speeds  a  marked  tend- 
ency to  whip  and  vi- 
brate. This  tendency 
is  further  augmented 
on  automobile  engines 
by  any  critical  speed 
that  the  engine  may 
possess.  If  the  critical  speeds  of  the  chain  drive  and 
engine  happen  to  coincide,  then  one  or  the  other  must  be 
altered  to  eliminate  the  critical  speed  or  change  the  point 
at  which  it  occurs. 


— COMPLETi;   STARTING,  LIGHTING   AND  IGNITIO.V    INSTALLATION 
ON  A   FORD  ENGINE 


FIG.  2 — GENER.\L  VIEW  OF  ENGINE 

Showing  space  available  on  engine  for  mounting  starting  unU. 

designed  chains  which  will  operate  over  13  tooth 
sprockets.  The  Ford  engine  requires  approximately 
75  pounds  torque  at  one  foot  radius  on  the  crank 
shart  to  start  it  under  all  conditions.  There  is  just 
space  enough  to  mount  a  starting  motor  that  will  give 


FIG.  3 — FORD  ENGINE  WITH  CRANK  SHAFT  AND  CHAIN  IN   PLACE 

Showing  the  limited  space  available. 
The  critical  speed  of  the  Ford   engine  occurs   at 
approximately  1200  to  1400  r.p.m.,  or  30  to  35  miles  per 
hour.     At  this  speed  there  is  no  tendency  for  the  gen- 
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erator  driving  chain  to  whip,  and  apparently  it  should 
be  satisfactory,  but  there  is  another  factor  which  has 
been  a  source  of  trouble  and  which  is  not  at  once  appar- 
ent. The  whole  transmission  line  from  engine  to  rear 
wheels  has  a  critical  speed  at  13  to  19  miles  per  hour. 
The  speed-time  curve,  Fig.  5,  shows  what  occurs  to  the 


two  small  holes  which  carry  leakage  oil  from  the  for- 
ward crank-shaft  bearing  to  the  inside  of  the  sprocket. 
With  all  these  precautions  to  protect  the  chain,  it  is 
still  necessary  to  use  a  chain  made  from  alloy  steel,  as  it 
is  found  that,  to  be  satisfactory,  a  chain  must  sustain  a 
load  of   at  least  6000  pounds   on   one   strand   without 


no.  4— DIAGRAM   SHOWING  APPtlCATION  OF  STARTING  AND  LIGHTING  OUTFIT  TO  FORD  ENGINE 

Showing  the  physical  limitation  of  the  design.    The  details  of  the  method  of  adjusting  the  chain 
(at  the  top  of  tlie  engine)  are  shown  in  the  lower  corner.     No  part  of  the  engine  has  been  altered. 


engine  speed  when  running  at  15  miles  per  hour  with 
the  engine  under  load,  similar  to  propelling  a  car  uphill. 
This  condition  is  explained  by  the  fact  that  a  long  pro- 
peller shaft  of  small  diameter  is  used,  and  when  each 
cylinder  fires  the  propeller  shaft  and  all  other  parts  in 
the  transmission  train  are  put  under  torsion  (approxi- 
mately 350  pounds  at  one-foot  radius).  The  flexibility 
of  the  parts  under  torsion  permit  the  engine  to  gain 
speed  over  the  car  speed  during  the  first  part  of  each 
power  stroke,  and  to  lose  speed  during  the  last  part  of 
each  power  stroke.  This  fluctuation  in  the  speed  of  the 
crank  shaft  produces  severe  whipping  of  the  generator 
drivins:  chain.     If  shorter  center  distances  or  a  heavier 


breaking.  The  determination  of  whether  or  not  a  chain 
is  satisfactory  is  made  by  allowing  the  chain  to  run  with- 
out adjustments  until  it  rides  over  the  sprocket  teeth.  A 
satisfactory  chain  will  show  no  sign  of  distress  under 
this  condition.  The  nature  of  this  application  makes  it 
impracticable  to  enclose  the  chain  in  an  oil-proof  case, 
and  although  a  protecting  case  may  be  provided,  and 
should  be,  there  is  still  enough  dust  and  grit  that  works 
into  the  chain  to  make  an  easy  means  of  adjustment  de- 
sirable. This  adjustment  has  been  worked  out  in  one 
case,  as  shown  in  Fig.  4. 


fcSOTS 


FIG.   5 — VARIATION   IN    KNGINE   SHAFT   SPEED  DUE  TO   SPRING 
IN    TRANSMISSION 

chain  were  possible  this  condition  might  be  met  and 
solved  without  resort  to  other  means,  but  with  the  lim- 
itations that  exist  it  becomes  necessary  to  absorb  the 
crank  shaft  oscillations  before  they  are  transmitted  to 
the  motor-generator.  This  has  been  accomplished  by 
incorporating  a  friction  clutch  in  the  driving  sprocket, 
Figs.  6  and  7,  so  that  the  driving  force  on  the  chain  can 
never  exceed  a  fixed  value.  In  order  to  provide  for 
positive  drive  in  starting,  a  spring  pawl  {H-2,  Fig.  6) 
is  used  in  conjunction  with  the  friction  clutch.  Lubri- 
cation of  the  mechanism  in  this  sprocket  is  provided  by 


TJr 


Fig. 


FIG.   6  FIG.    / 

6 — Friction    type    driving    sprocket,    partly    cut    away    to 

expose  mechanism. 
7— Enlarged  view  of  tension  spring  and   sprocket  clutch, 
showing  method  of  adjustment. 


There  are  many  factors  that  bear  upon  the  voltage  of 
the  system.  The  limitations  of  a  six-volt  motor-gener- 
ator must  be  balanced  against  the  extra  cost  of  a  twelve- 
volt  battery.  It  should  also  be  borne  in  mind  that  cable 
and  contact  resistance  are  only  one-half  the  factor  on 


THE    ELECTRIC   JOURNAL 


twelve-volt  systems  that  they  are  on  six  volts.  This  ap- 
plies particularly  to  single  unit  applications  where  the 
torque  available  from  the  motor-generator  is  the  lim- 
iting factor. 

Experience  has  shown  that  there  is  greater  need  for 
metal  conduit  or  armored  cable  when  wiring  a  used  car 


FIG.  8 — WIRING  DIAGRAMS  Ol'  I'ORD  STARTING  ANU  LIGHTING  SYSTEM 

The  one  at  left  is  for  double  bulb  head  lamps,  and  the  one  at 
the  right  for  single  bulb  lamps  with  dimmer. 

than  when  making  a  factory  installation  on  a  new  car, 
and  therefore  metal  armored  cable  should  be  used  for 
all  the  wiring  on  the  Ford  car,  as  these  cars  are  prob- 
ably more  generally  abused  than  any  other.  The  saving 
in  the  number  of  wires  and  the  simplification  of  install- 
ing leaves  little  excuse  for  other  than  the  single  con- 
ductor system  of  wiring.  Fig.  8  shows  very  clearly  how 
car  wiring  can  be  simplified  when  the  single  conductor 
system  is  used. 

In  order  not  to  encumber  the  motor-generator  with 
extra  parts,  and  also  to  simplify  th; 
wiring  of  the  car,  it  has  been  found 
advantageous  to  comliine  the  starting 
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FIG.   9  FIG.    10 

Fig.  9 — Construction  of  starting  switch  and  cut-out. 

Fig.  10 — Simple  wiring  scheme  of  self-contained  ignition  unit. 

switch  and  generator  cut-out  into  one  unit,  as  shown 
in  Fig.  9.  This  unit  can  be  located  in  any  convenient 
position,  so  that  the  starting  button  can  be  operated  by 
one  foot. 


The  motor-generator  is  designed  to  deliver  maximum 
charging  current  at  20  miles  per  hour.  By  inherent  regu- 
lation in  the  generator  itself  the  charging  current  is 
reduced  as  the  speed  increases  above  20  miles  per  hour. 
The  generator  is  also  designed  so  that  it  balances  the 
battery  at  nine  miles  per  hour  and  charges  the  battery 
at  ten  miles  per  hour.  To  prevent  fluttering,  the  auto- 
matic cutout  switch  is  set  to  close  at  ten  to  eleven  miles 
per  hour  and  to  open  at  nine  miles  per  hour.  Service 
tests  have  shown  that  with  this  setting  the  battery  will 


FIG.    II — METHOD  OF    MOUNTING  B.VTTERY  ANU  BATTERY   BO.K   ON 
THE  RUNNING  BOARD 

be  kept  charged,  even  in  delivery  service,  where  the  car 
averages  1.25  starts  per  mile  of  running. 

The  battery  must  be  mounted  in  such  a  way  as  not  to 
be  loosened  by  road  shocks,  which  would  impair  its  life. 


.1-7 


FIG.    IJ— COMPLETE   IGNITION    SET    IN    PLACE 

This  has  been  worked  out  as  shown  in  Fig.  11.     Easy 
removal  of  the  battery  is  also  essential. 

To  meet  a  demand  for  high-grade  ignition  for  Ford 
cars  a  unit  type  of  coil  ignition  has  been  applied,  as 
shown  in  Fig.   12,  which  is  entirely  self-contained  and 


FIG.  13 — THE  SMALL  BEVEL  GEAR  ON  THE  END  OF  THE  CAM  SHAFT 
REPLACES  THE  FORD  TIMER  ROLLER  AND  DRIVES  THE  IGNITION  SHAFT 

operates  from  the  lighting  battery.  Only  five  wires  are 
used.  Fig.  10,  the  primary  circuit  and  the  four  high- 
tension  leads.  The  ignition  unit  can  be  removed  from 
its  supporting  bracket  without  disturbing  any  other 
part,  and  is  so  arranged  that  there  is  no  possibility  of 
replacing  it  incorrectly.     The  application  is  simple,  as 
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shown  in  Fig.  13.  This  type  of  ignition  needs  very  httle 
attention  and  offers  distinct  advantages  over  the  vibrator 
coil  system.  There  is  practically  no  lag  in  the  system, 
and  therefore  it  is 
hardly  necessary  to 
shift  the  spark  posi- 
tion for  dift'erent  run- 
ning speeds.  The  rela- 
tive firing  time  of 
each  cylinder  is  defi- 
nitely fixed  and  it  fol- 
lows that  the  engine 
will  run  smoothly. 
The  spark  is  positive 
at  all  speeds;  Ford  cars  equipped  with  this  type  of  igni- 
tion without  any  other  change  have  reached  speeds  as 
high  as  60  miles  per  hour. 


In  general,  there  is  probably  more  need  for  "fool- 
jjroof"  design  in  connection  with  the  Ford  car  than  with 
other  cars,  and  therefore  every  effort  has  been  put  forth 

in  this  direction.  The 
engineer  cannot  ])ro- 
vide  against  the  incli- 
nation of  some  men  to 
lill  the  commutator 
s])ace  with  grease  or 
to  put  grease  in  the 
battery  vent  s,  but 
such  points  as  chain 
adjustment  and  lubri- 
cation at  fre(|uent  in- 
tervals should  be  arranged  so  that  no  serious  damage 
will  result  if  the  apparatus  is  not  given  expert  or  fre- 
quent attention. 


14 — l>KTAII.    \IK\V    ()K    M(lT;lR    CKXICKATOR 


Electric  Motors  in  Garages  and  Automobile 

Service  Stations 

Bhrn.\rli  Lester 

Indu.strial  Department, 

\\"estingli.iu;e  l{lectric  &  Mfg.  Coiiiiiaii.v 

NOT  many  years  ago  automobiling  was  largely   a     amounts  of  capital  and  much  skill.    One  looks  lor  quick 
pastime  or  sport  and,  like  the  game  of  golf,  had     service — reliable  service — low-priced  service. 
its  hazards,  the  overcoming  of  which  was  experi-  Anyone  who  receives  automobile  repair  bills  is  usu- 

enced  with  a  certain  relish.    The  automobilist,  after  his     ally  struck  with  the  small  cost  of  the  materials  used  in 
drive  or  tour,  would  relate  heroically  his  mishaps  and      making  the  rejiair  compared  to  the  large  value  of  time 

While  supplies  and 
repair  part>  ha\e 
b  e  e  n  reduced  in 
cost  to  the  user,  due 
to  greater  stand- 
a  r  d  i  z  a  t  ion  and 
larger  cons  unip- 
tion.  labor  costs  are 
licijig  reduced,  and 
can  be  further  re- 
duced bv  im[iroved 
e([uipment  in  liie 
g  a  r  a  g  e.  .\  s  is 
clearly  shown  in  al- 
most all  manufac- 
turing processes  in- 
\olving  a  repetition 
of  operations,  an 
increased  i  n  v  est- 
tnent  i  n  working 
tools  brings  a  sav- 
than   compensating   for  the  outlay. 


the  methods  employed  in  overcoming  these,  much  as  the  expended  as  a  measure  of  labor 
golf  player  relates 
the  embarass- 
ments  and  accom- 
plishments of  an 
afternoon  upon  the 
golf  links. 

T  o  d  a  y,  how- 
ever,  b  r  o  a  d  1  \' 
speaking,  the  posi- 
tion of  the  automo- 
bile has  changed 
and  users  of  cars 
speak  of  the  ser- 
vice they  receive 
over  long  periods 
of  time  from  their 
pleasure  car  or 
truck.  Automobiles 
are  used  more  and 
more   on    schedule. 


FIG.   I — INDUCTION    MOTOR  DRIVING  .\  GROUP  OF   M.\CHINE  Tool, 


This  has  been  accomplished  not  only  by  simplification  and  ing   in   labor   mor 

standardization  in  the  construction  of  the  machine  itself.  Where   any   apjjreciable   volume   of    automobile   repair 

but  by  the  establishment  of  service  stations  in  almost  work  is  done,  it  pays  to  install  special  machinery  to  do 

every  quarter  for  the  maintenance  and  repair  of  auto-  it,  so  that  the  flat  labor  is  reduced  to  a  minimum,  clue  to 

mobiles  and  accessory  equipment.     This  has  become  an  a  reduction  in  the  time  required  to  make  repairs.     .And 

industry   in   itself   in   which   have   been   invested   large  aside  from  the  case  of  the  garage  doing  general  repair 
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FIG.    2 — DIRECT-CURRENT    MOTOR    DRIVING    GROUP    OK    MACHINE    TOOLS 


work,  the  purchaser  of  the  car  cannot  disconnect  alto-  The  use  of  electricity  has  to  a   remarkable  degree 

gether  in  his  mind  the  merits  of  the  particular  make  of  made  rapid  and  efficient  automobile  repair  work  possi- 
car  and  the  merits  of  the  agency  service  station  which  ble.  The  electric  light  itself  has  facilitated  repair  work 
stands  ready  to  back  up  the  product.  The  two  are  closely      of  all  kinds  and  has  reduced  fire  risk.    Electric  power  is 

required  in  comparatively  small  units 
in  all  classes  of  automobile  repair 
work,  and  the  fact  that  it  may  be  util- 
ized at  the  very  point  at  which  it  is  re- 
quired at  a  moment's  notice — that  it  is 
safe,  cleanly,  quiet,  reliable  and  usu- 
ally cheap — has  been  an  essential  item 
in  its  favor.  Space  is  also  an  item  of 
importance  in  garages  located  in  con- 
gested districts,  and  the  power  pro- 
ducers most  desired  are  those  which 
take  up  little  room  and  may  be 
mounted  anywhere,  for  they  are  savers 
of  rent  or  ground  investment.  And 
too,  power  units  supplied  for  definite 
service  which  start  and  stop  automat- 
ically breed  economy  by  decreasing 
supervision  and  power  consumed.  Like 
every  industry  where  systematic  ser- 
vice is  a  keynote,  these  economies  are 
not  fully  realized  unless  working 
schedules  are  carefully  arranged  for 
employes.  The  thoughtless  and  short- 
sighted employe  is  prone  to  conclude 
that  the  installation  of  labor-saving 
devices  is  intended  only  to  cut  down 
the  work  required  of  him,  rather  than 
to  increase  his  working  efficiency,  im- 
[irove  his  working  conditions  and  open 
the  opportunity  for  a  higher  class  of 
service  on  his  part  which  will  ulti- 
mately increase  his  earnings.  There- 
fore, with  the  installation  of  electric 
drive  in  its  specialized  form  in  the  gar- 
age, and  with  the  co-operation  of  em- 
])loyes  and  a  thorough  understanding 
of  the  function  of  electrically-driven 
machines,  a  great  deal  can  be  accom- 
plished in  actually  quickening  the 
schedule  of  repair  work  and  thus  in- 
creasing the  profits.  It  is  quite  worth 
while  to  consider  important  definite 
uses  for  electric  power  and  the  advan- 
tages that  are  obtained, — not  selecting 
an  ideal  garage,  but  simply  those 
classes  of  motor  application  which  are 
in  everyday  use  to  a  greater  or  less 
extent. 

Drill  presses,  planers,  shapers, 
lathes,  etc.,  in  the  metal-working  shops 
are  now  usually  motor  driven,  either 
by  arranging  them  in  groups  and  driv- 
associated  with  one  another,  for  in  the  public  mind  the  ing  them  from  one  motor,  or  by  using  motors  on  indi- 
most  successful  car  is  the  one  which  spends  the  least  vidual  machines.  The  fact  that  such  a  drive  is  efficient, 
time  in  the  repair  shop.  clean,  safe  and   saving  of  useful  floor  space  has  been 


3 — USING    PORT.VBLE   ELECTRIC    TOOLS    IX    THE   REPAIR    SHOP 


FIG.  4 — PORTABLE   MOTOR-DRIVEX   TIRE   PUMP  IN    USE  IN   A   GARAGE 
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fully  demonstrated  in  the  past.  Belting  and  line  shaft- 
ing are  largely  eliminated.  In  these  applications,  there- 
fore, electric  drive  has  the  same  advantages  in  the  garage 
and  automobile  repair  shop  that  it  has  in  the  metal- 
working  plant  or  machine  shop. 


FIG.   5 — CLE.'^NING   C.'\R  WITH   A    MOTOR-DRIVEN   VACUUM    CLEANER 

Aside  from  such  stationary  equipment,  however, 
which  is  used  for  machining  small  separate  parts,  there 
are  frequently  repairs  to  be  made  upon  the  car  itself  re- 
quiring machining  operations  which  would  be  tedious 
were  the  car  to  be  disassembled.     The  portable   drill, 


FIG.   6 — TYPICAL   ELECTRIC   DRILLS 

grinder  and  buffer  are  useful  in  this  class  of  work. 
Little  bench  grinders  or  buffers  are  occasionally  supplied 
with  flexible  shafts  and  used  for  semi-portable  service. 

Compressed  air  is  a  necessity  of  the  garage  and 
service  station,  princi- 
pally  f  o  r  inflating 
tires,  but  also  for 
cleaning  u  p  h  olstery 
and  producing  pres- 
sure for  lifting  oil, 
gasoline,  etc.  In  the 
smaller  garages,  mo- 
tor-driven tire  pumps 
of  the  portable  type 
are  mounted  upon  lit- 
tle trucks.  The  unit  is 
taken  to  the  work  and 


air  pressure.    This  system  requires  a  piping  system  and 
longer  hose  connections. 

Problems  of  heating  and  ventilating  are  very  similar 
to  those  of  any  manufacturing  establishment,  although 
disc  ventilating  fans  have  been  employed  quite  exten- 
sively to  clear  away  dead  i^^'iscs.  which  are  injurious  to 


By  means  of  a  blower  which  lirings  m  air  from  the  outside  and 
forces  it  through  the  radiator. 

workmen.  The  office  of  the  garage  must  necessarily  be 
well  heated  and  ventilated,  and  small  motor-driven 
blowers  are  used  extensively  for  this  purpose. 

One  problem  which  has  often  come  up  to  the  owner 
of  a  private  garage  is  the  matter  of  heating  it  with- 


FIG.   9 — METHOD   OF   HE,\TING   SMALL   GARAGE  AT  REAR   OF   RESIDENCE   FROM 
.\   HOT-AIR   FURNACE 


FIG.    8 — BUFFING    AND    GRINDING    MOTOR    WITH    FRICTION    SHAFTING 
FOR  POLISHING   AND  GRINDING   WORK  ON   AUTOMOBILES 

out  danger  of  fire  risk.  Where  the  garage  is  close  to  the 
house  a  duct  may  be  run  through  the  ground  and  the 
hot  air  from  the  furnace  forced  to  the  garage  by  a  small 
motor-driven  blower,  controlled  by  a  snap  switch  in  the 

house,  thus  heating 
the  garage  whenever 
desired. 

Numerous  other 
electrical  devices  are 
used  in  the  electrical 
garage  or  repair  shop, 
such  as  specialized 
motors,  which  are 
used  to  a  considerable 
extent  to  operate  the 
sewing  machines  em- 
ployed  in   the   manu- 


is  usually  non-automatic  in  starting  and  stopping.   In  the  facture  and  repair  of  automobile  tops  and  seat  covers, 

case  of  larger  units,  a  stationary  plant  and  an  air  tank  Electric  vulcanizers  are  used  for  repairing  tires,  electric 

are  used,  and  an  automatic  pressure  regulator  starts  and  welders  for  repairing  mudguards,  and  other  electrical 

stops  the  motor-driven  pump  at  pre-determined  limits  of  applications  are  continually  being  introduced. 


Methods  of  Ignition 


J.    B.    DVER 


IGNITION,  with  reference  to  the  internal  combustion 
engine,  is  the  igniting  of  the  explosive  charge  within 
the  engine  cyhnder  at  the  proper  time  to  deliver  the 
force  of  the  expanding  gases  to  the  piston,  and  is  one 
of  the  essentials  which  has  passed  through  wide  changes 
and  improvements  in  the  course  of  development.  Good 
ignition  can  be  obtained  bv  is;nitincr  the  charge  at  the 
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FIG.    I — M.\KE  AND   BRK.\K   TYPE  OK    El.ECTlUCAI.   IGNITION 

proper  time  with  uniformity  on  varying  speeds.  It 
would  seem  at  first  thought  to  be  a  simple  matter  to 
construct  a  reliable  machine  to  accomplish  this,  but  the 
following  description  of  the  different  improvements  will 
show  how  much  time  and  thought  have  been  necessary 
to  develop  the  present  ignition  system. 

The  earlier  forms  of  ignition  apparatus  were  de- 
signed by  the  engine  builder  and,  naturally,  mechanical 
methods  were  used.  The  first  successful  ignition  was 
the  hot  tube  type.  In  starting  the  engine  it  is  necessary 
first  to  heat  the  tube  to  a  red  heat,  then  inject  a  charge 
of  gas  into  the  cylinder  and  compress  it.  This  charge 
of  gas  under  compression  becomes  explosive  and  will 
ignite  from  the  hot  tube.  The  engine  then  turns  and 
the  charge  is  fired  each  time  as  it  is  compressed  to  the 
explosive  state.  The  heat  of  the  burning  gas  is  suf- 
ficient to  keep  the  tube  hot.  To  secure  the  best  results 
the  time  of  igniting  must  occur  at  different  positions 
varying  with  the  speed  and  the  quality  of  the  charge. 


FIG.   2  FIG.   3 

Fig.  2 — Vibrator  coil  for  jump  spark  ignition. 

Fig.  3 — Rotating  cam  for  timer  for  jump  spark  ignition. 

There  is  a  difference  in  time  between  the  igniting  and 
the  total  combustion  of  the  charge.  This  lag  with  equal 
quality  of  mixture  remains  constant  with  varying  speed, 
which  necessitates  having  a  means  whereby  ignition  will 
occur  earlier  for  the  higher  speeds  and  later  for  the 
lower  speeds  in  order  that  the  force  of  the  expanding 
gas  will  be  applied  to  the  pistons  in  their  most  efficient 


position.     For  this  reason  the  hot  tube  ignition  is  con- 
fined to  the  constant-speed  stationary  engine. 

Make  and  break  was  the  first  type  of  electrical  igni- 
tion. The  equipment  consisted  of  a  coil  of  about  200 
turns  of  No.  16  to  No.  20  insulated  copper  wire  wound 
around  a  soft  iron  wire  core,  a  contact  device  inside 
the  cylinder  operated  by  a  cam  mechanism  driven  by  the 
engine  to  close  and  open  the  contacts  at  a  set  time,  a 
switch  and  a  source  of  direct-current,  either  battery  or 
electric  generator,  ^^'hen  the  contact,  Fig.  i,  is  closed 
a  current  of  from  two  to  five  amperes  flows  through 
the  coil ;  when  the  contact  is  opened,  the  sudden  break 
in  the  circuit  causes  an  inductive  kick,  forming  an  arc 
!/8  to  5/16  inch  long  between  the  opening  contacts,  thus 
igniting  the  charge.  To  obtain  different  positions  of 
igniting  required  a  complicated  mechanism.  There  was 
much  trouble  experienced  by  gas  leaking  around  the 
movable  rod  protruding  through  the  cylinder  walls.  It 
was  also  difficult  to  keep  the  contacts  clean  from  carbon 


FIG.  4 — DI.\CR.\M  OF  JUMP  SPARK   SYSTEM 

and  from  burning.  The  moving  parts  were  necessarily 
heavy  and  noisy  and  a  large  number  of  parts  were  re- 
quired for  multiple  cylinders. 

Jump  spark  ignition,  as  it  was  termed  at  that  time, 
was  next  in  the  line  of  improvements.  With  this  system 
the  contacts  were  brought  outside  the  cylinder,  elim- 
inating the  leaky  movable  rod,  and  burned  and  dirty 
contacts,  and  in  place  a  spark  plug  was  used.  It  was 
thus  easier  to  get  the  timing  range  necessary  for  the 
different  positions  of  igniting.  The  equipment  neces- 
sary was  one  coil  for  each  cylinder  with  a  primary  wind- 
ing of  about  200  turns  of  No.  20  wire,  over  which  was 
the  secondary  winding,  usually  of  two  sections,  with  a 
total  of  about  15000  turns  of  fine  wire  (No.  35),  a 
vibrator  being  connected  in  series  with  the  primary  cir- 
cuit of  this  coil.  Fig.  2;  a  low-tension  distributor  with 
as  many  points  as  cylinders,  the  cam  rotating  at  one- 
half  engine  speed  for  four-cycle  engines.  Fig.  3 ;  a  spark 
plug  for  each  cylinder,  a  switch  and  a  source  of  energy. 
Fig.  4  shows  the  jump  spark  connections.  Contact  is 
made  in  the  low-tension  distributor.  This  connects  the 
source    of    electrical    energy    to    the    primary    coil,    the 
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vibrator  contacts,  distributor  and  to  ground  and  back  to 
the  source,  completing  the  primary  circuit.  When  the 
primary  core  is  sufficiently  magnetized,  the  vibrator  con- 
tacts are  opened,  breaking  the  primary  circuit  and  in- 
ducing in  the  secondary  winding  a  very  high  voltage 
kick.  The  continued  vibrations  will  send  a  shower  of 
sparks  across  the  spark  plug  gap  as  long  as  the  low- 
tension  distributor  contact  remains  closed.  The  portion 
of  the  distributor  supporting  the  contacts  is  constructed 
so  as  it  may  be  turned  at  different  angles  about  the  shaft, 
thus  changing  the  position  of  ignition  with  reference  to 
the  engine  cylinder.  This  gives  the  timing  range  neces- 
sar}'  for  setting  the  spark  to  the  most  efficient  position. 

At  this  stage  of  the  development  the  magneto  was 
beginning  to  be  used  extensively  in  addition  to  the  bat- 
teries. The  necessary  renewals  of  dry  cells  when  used 
continually  became  objectionable  and  so  the  batteries 
were  only  used  at  low  speed  and  when  starting  the 
engine,  as  the  magneto  did  not  generate  enough  current 
when  running  at  low  speed  to  supply  the  ignition.  A 
switch  was  arranged  on  the  dash  to  change  it  from  one 
to  the  other  as  desired  by  the  driver.  Still  the  ignition 
was  not  right  and  the  rapid  improvements  in  the  engine 


FIG.    5 — M.\STER   V1BR.\T0R    SYSTEM 

showed  all  the  more  that  further  improvement  was  nec- 
essary. It  was  found  impossible  to  adjust  the  different 
vibrators  to  get  smooth  firing,  especially  at  the  higher 
speeds,  and  the  tendency  of  engine  design  leaned  toward 
the  higher-speed  engine.  The  trouble  was  in  the  coil 
and  the  vibrator.  The  coil  core  took  a  certain  length  of 
time  to  magnetize.  One  vibrator  would  open  the  con- 
tacts sooner  than  the  other.  This  would  cause  an  un- 
even running  of  the  engine,  and  the  effect  was  modified 
for  high  speeds. 

The  Master  Vibrator,  which  controlled  all  the  coils 
from  the  one  vibrator,  came  next.  It  gave  a  uniformity 
in  the  time  of  firing  and  the  engine  would  operate  very 
smoothly  when  the  proper  adjustment  of  this  one 
vibrator  was  obtained.  This  scheme  is  shown  in  Fig.  5. 
Experimenting  with  the  master  vibrator  system  brought 
about  still  another  improvement.  Making  the  magnetic 
circuit  of  the  master  vibrator  of  slower  magnetizing 
material  as  compared  with  the  primary  core,  the  pri- 
mary core  could  be  totally  magnetized  before  the 
vibrator  contact  would  open.  This  gave  the  first  spark 
a  very  large  amount  of  energy,  and  it  was  noticed  that 
this  spark  alone  was  sufficient  to  ignite  the  charge,  and 


by  eliminating  the  following  sparks  no  perceptible  loss 
of  power  was  noticed  in  the  engine. 

The  Single  Spark  system  of  ignition  made  use  of 
an  interrupter  instead  of  the  master  vibrator.  This  was 
placed  on  the  end  of  the  magneto  and  a  cam  on  the  same 
shaft  opened  the  interrupter  contact  the  same  as  did  the 


Fig.  6 — Low-tension  magneto. 
Fig.  7 — Inductor  type  armature. 
Fig.  8 — Shuttle  type  armature. 

master  vibrator,  except  that  it  was  opened  without  any 
lag  and  occurred  at  exactly  the  same  angle  regardless 
of  the  engine  speed.  The  interrupter  could  also  be  ad- 
justed for  advance  and  retard  position.  The  low-tension 
distributor  at  this  stage  practically  disappeared,  and  in 
its  place  came  the  high-tension  distributor,  which  elimi- 
nated all  but  one  coil.  The  interrupter  and  high-tension 
distributor  were  assembled  on  the  magneto,  which  now 
took  the  lead.  Fig.  6.  The  commutator  and  brushes 
were  discarded  and  the  alternating  current  was  used, 
arranged  so  that  the  time  of  break  in  the  interrupter 
occurred  at  the  peak  of  the  wave.  The  magneto  arma- 
tures were  of  two  different  types — the  inductor  type, 
Fig.  7,  and  the  shuttle  type,  Fig.  8.  The  connections 
were  generally  by  two  different  methods.  Figs.  9  and  10. 
The  High-Tension  Magneto  was  the  last  important 
improvement  in  magneto  design,  being  connected  as 
shown  in  Fig.  11.  \^'inding  the  secondary  coil  on  the 
magneto  armature  was  an  improvement  over  the  low- 
tension  magneto  in  three  ways — first,  it  eliminated  the 
primary  winding  and  core  (as  the  magneto  winding  per- 
formed its  functions),  therefore  eliminating  the  losses 
in  these  parts ;  second,  the  generation  of  energy  in  the 


FIG.   g — CLOSED   CIRCUIT  TYPE    M.-\CNETO 

secondary  winding  within  itself  by  cutting  the  lines  of 
force  in  the  magnetic  field  added  to  the  efficiency :  third, 
it  allowed  building  an  interrupter  in  which  the  contact 
pressure  increased  with  increasing  speed. 

Battery    Distributor    Ignition — The    appearance    of 
electric    starting    and    lighting    on    the   automobile    has 
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brought  about  more  possibilities  in  the  improvement  of 
the  ignition  apparatus.  The  storage  battery,  used  in  con- 
nection with  the  starting  and  lighting  systems  makes  a 
comparatively  large  supply  of  electrical  energy  from 
which  to  take  the  ignition  current.    The  connections  for 


FIG.   10 — OPEN  CIRCUrr  TYPE  MAGNETO 

the  battery  ignition  system  are  shown  in  Fig.  12.  The 
high-tension  distributor  and  interrupter  are  mounted  in 
the  same  unit  and  stand  in  a  vertical  position,  driven 
directly  from  a  shaft  on  the  engine  or  from  the  lighting 
generator  shaft.  It  rotates  at  one-half  engine  speed,  and 
since  the  interrupter  cam  and  moving  part  of  the  dis- 
tributor are  located  on  the  same  shaft,  the  cam  will  have 
as  many  lifts  as  the  number  of  engine  cylinders.  The 
general  appearance  of  such  a  unit  is  shown  in  Fig.  13. 
The  coil  condenser  and  ballast  resistance  are  usually 
assembled  together  in  a  2.5  to  3  inch  tube  and  mounted 
on  the  dash  or  on  the  engine  near  the  distributor.  The 
switch  is  sometimes  mounted  on  the  end  of  the  coil,  and 
in  this  case  the  coil  must  be  mounted  on  the  dash  in 
such  a  manner  as  to  allow  the  switch  to  become  flush 
on  the  dash  or  cowl-board,  but  usually  the  switch  is  sep- 
arated to  enable  mounting  it  in  the  most  accessible  place 
for  the  driver. 

High-tension  distributors  are  made  in  two  forms ; — 
first,  with  a  brush  to  carry  the  current  from  the  rotating 
member  to  the  proper  terminal  on  the  fixed  member  or 


FIG.    II — HIGH-TENSION    MAGNETO   CONNECTIONS 

distributor  cap;  second,  instead  of  the  brush  a  metal 
part  of  the  rotating  member  has  a  small  clearance  be- 
tween it  and  the  terminal  on  the  distributor  cap.  The 
current  will  jump  this  gap  and  carry  the  spark  to  the 
proper  cylinder.  It  is,  however,  hard  to  determine 
which  is  the  better  principle,  as  the  advantages  of  one 
are  ofltset  by  those  of  the  other.     For  instance,  the  dis- 


advantage of  the  distributor  without  brushes  is  the 
energy  spent  in  spanning  the  gap.  This  is  equally  bal- 
anced by  the  wear  on  the  brush  and  brush  track,  the 
greater  number  of  parts  and  the  leakague  due  to  carbon 
dust  from  the  brushes  upon  the  insulated  parts. 


FIG.     12 — BATTERY    DISTRIBUTOR    SYSTEM 

The  interrupter  is  made  in  four  different  construc- 
tions, each  one  having  their  good  and  bad  features.  To 
understand  the  reason  for  the  different  types  of  inter- 
rupters it  is  necessary  to  understand  the  characteristics 
of  the  battery  ignition  system.  To  get  complete  mag- 
netizing of  the  induction  coil  iron  core,  a  certain  time  of 
contact  is  necessary  in  the  interrupter.  Less  time  will 
allow  the  interruption  of  the  circuit  to  occur  before  the 
core  has  taken  in  its  rated  capacity  of  energy  and  the 
igniting  spark  will  be  correspondingly  weak.  A  larger 
time  of  contact  will  be  energy  wasted  in  the  coil,  which 
will  appear  as  heat.  Also  for  best  results  it  is  neces- 
sary for  the  firing  of  the  charge  as  described  above  to 
occur  earlier  for  higher  speeds  and  richer  mixtures. 
Stopping  an  engine  with  the  contacts  in  closed  position 
and  a  switch  closed  will  be  liable  to  discharge  the  bat- 
tery or  burn  out  some  portion  of  the  ignition  circuit  if 
left  long  enough.  Hence  an  ideal  interrupter  would 
first  be  simple  in  construction  and  reliable;  second,  have 


FIG.    13 — BATTERY    DISTRIBUTOR    AND    INTERRUPTER 

an  equal  time  of  contact  with  varying  engine  speeds ; 
third,  have  automatic  advance  with  increasing  engine 
speed  and  gasoline  mixture ;  fourth,  have  a  contact 
which  cannot  be  left  in  the  closed  position  in  case  the 
switch  is  left  closed  with  the  engine  not  running. 
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The  most  commonly  used  interrupters  of  the  present 
dat;  are  shown  in  Figs.  14,  15,  16  and  17,  of  which 
Fig.  14  is  the  most  simple  and  reliable  construction,  and 
for  that  reason  is  greatly  used.  However,  the  time  of 
contact  varies  inversely  with  increasing  engine  speed, 
and  it  is  found  necessary  to  make  the  moving  parts  light 
in  order  to  keep  an  equal  angle  of  contact  with  the  in- 
creasing speed.  If  the  lever  is  unable  to  follow  the  cam 
on  the  descending  side  there  will  be  additional  time  loss 
added  to  the  actual  calculated  decrease  in  time  of  con- 
tact. With  this  interrupter  the  ignition  spark  will  be 
found  to  decrease  with  increasing  speed.  This  inter- 
rupter causes  a  straight  line  firing,  i.  e.,  there  is  no  lag 
in  the  position  of  firing,  as  there  is  with  the  other  types 
as  shown  above.  The  interrupter  shown  in  Fig.  15  is 
very  commonly  used.  This  interrupter  has  a  slight  in- 
crease in  angle  of  contact  with  increasing  engine  speed  ; 
also  a  lag  in  the  firing  position.  The  increased  time  Dt 
contact  will  be  in  proportion  to  the  weight  of  the  lever 
and  the  quickness  of  the  contact  spring.  The  break  is 
made  on  the  descending  side  of  the  cam  lift  instead  of 
on  the  ascending  side  as  in  Fig.  14.  In  operation  the 
lever  is  raised  by  the  cam  lift,  and  if  the  action  of  the 
spring  is  quick  enough  to  follow  the  motion  of  the  lever 
when  going  np  the  lift  of  the  cam  contact  will  then  be 


FIG.    14  FIG.    15  FIG.    16  FIG.    17 

Figs.  14  to  17 — Different  types  of  interrupters. 

made  on  a  straight  line  position  (not  the  firing  position). 
It  is  then  necessary  for  the  lever  spring  to  cause  the 
lever  to  follow  the  descending  side  of  the  cam.  Due  to 
the  weight  and  the  momentum  gained  in  the  lever  on  the 
upward  motion  at  high  speed  the  spring  is  unable  to 
move  the  lever  quick  enough  to  eliminate  the  lag  in  the 
firing  position  of  the  interrupter.  With  this  type  of 
interrupter  a  wider  angle  of  timing  range  is  provided, 
and  in  some  cases  automatic  advance  is  given  in  addition 
to  the  manual  advance  to  make  up  for  the  lag  of  the 
interrupter.  In  Fig.  i6  is  shown  a  type  of  interrupter 
which  accomplishes  two  of  the  requirements  of  an  ideal 
interrupter,  equal  time  of  contact  and  the  impossibility 
of  not  stopping  on  contact,  but  has  the  lag  as  mentioned 
above,  and  also  is  of  a  delicate  and  complicated  construc- 
tion. The  total  angle  of  contact  in  this  type  of  inter- 
rupter is  all  lag,  and  since  the  time  of  contact  remains 
constant  the  angle  of  contact  increases  with  increasing 
speed,  and  likewise  the  angle  of  lag  increases  with  the 
increasing  speed.  If  the  engine  is  set  to  fire  on  dead  cen- 
ter (not  considering  the  lag  in  the  motion  of  the  pawl) 
contact  will  always  be  made  at  dead  center  position 
of  the  engine,  but  the  angle  at  which  the  break  will  occur 
will  depend  on  the  speed  of  the  engine  and  the  time  of 


contact  of  the  interrupter.  Hence  at  very  low  engine 
speeds  the  angle  of  contact  becomes  infinitely  small,  and 
with  increasing  speeds  it  increases  very  rapidly.  Thus 
the  time  of  contact  is  limited  to  a  very  small  amount,  to 
keep  a  minimum  lag.  This  necessitates  building  a  coil 
of  the  quick  magnetizing  type  and  reducing  the  resist- 


FIG.    18 — WESTINGHOUSE    VERTICAL    IGNITION    UNIT    FOR    MOUNTING 
DIRECTLY   ON   A   FOUR-CYLINDER  ENGINE 

ance  of  the  primary  circuit  as  far  as  possible  to  allow  the 
coil  to  store  enough  energy  in  the  short  length  of  time 
provided. 

The  interrupter  shown  in  Fig.  17  possesses  to  some 
e.xtent  three  of  the  requirements  of  an  ideal  interrupter 
— increasing  angle  of  contact  with  increasing  speed,  sim- 
ple construction  and  automatic  advance — but  retains  the 
possibility  of  stopping  with  the  circuits  closed.  This 
possibility  is  much  less  than  is  found  in  the  types  in  Figs. 
14  and  15,  since  the  angle  of  contact  is  very  small  at  low 
engine  speed,  and  thus  there  is  a  greater  chance  of  stop- 
ping in  the  open  position. 

The  ignition  coils  are  made  up  of  one  general  type,  a 
primary  coil  and  core,  and  secondary  connected  as  in 
Fig.  12.  The  ballast  resistance  is  connected  in  series 
with  the  primary  coil,  and  its  efifect  on  the  system  is  to 
equalize  the  high  and  low  speed  spark  energy. 

The  switches  are  made  to  accomplish  different  fea- 
tures, such  as  reversing  the  direction  of  current  through 
the  interrupter  alternately  as  they  are  turned  off  and  on 
again  to  reduce  the  building  up  and  pitting  of  the  inter- 


FIG.    19 — DETAILS    OF    IGNITION    UNIT 

rupter  contacts.  Also  they  can  be  built  so  as  to  open  the 
circuit  automatically  in  case  the  ignition  switch  is  for- 
gotten in  the  on  position  when  the  engine  is  stopped 
with  the  interrupter  contacts  closed.  It  is  also  found  to 
be  an  advantage  to  equip  the  switch  with  a  locking  de- 
vice to  protect  the  car  from  theft. 


Promoting  the  Sale  of  Electric  Delivery  Wagons 


THE  merits  of  the  electric  delivery  wagon  for  the 
distribution  of  goods  in  thickly  populated  districts 
have  been  recognized  for  some  time,  particularly 
by  some  of  the  larger  merchants  and  express  companies 
who  employ  quantities  of  vehicles,  and  obviously  have 
given  more  consideration  to  this  matter  than  the  small 
merchant.  This  had  led  to  the  adoption  by  many  large 
merchants  and  transportation  companies  of  fleets  of 
electric  vehicles,  which  are  increased  from  year  to  year 
with  the  expansion  of  business,  and  it  is  a  significant 
fact  that  during  the  last  few  years  a  large  share  of  elec- 
tric delivery  trucks  produced  were  sold  to  previous 
users.  This  indicates  not  only  the  economy  and  satis- 
faction which  results  from  their  use,  but  indicates  fur- 
ther the  lack  of  knowledge  by  those  companies  who  re- 
quire only  a  few  wagons  of  the  advantages  of  the  elec- 
tric wagons  in  fulfilling  the  operating  conditions. 

The  small  merchant  who  owns  one  or  two  horse- 
drawn  wagons  seldom  takes  the  trouble  to  determine  the 
cost  of  distributing  his  goods,  segregating  these  from 
his  general  operating  expenses  and  analyzing  them  item 
by  item ;  nor  does  he  often  consider  the  building  up  of 
his  business  through  better  deliver)'  service.  He  is  ordi- 
narily the  most  difficult  man  for  the  electric  truck  manu- 
facturer to  approach,  because  he  is  less  systematic  and 
analytical  in  his  methods,  and  consequently  less  open  to 
conviction  that  an  outlay  in  machinery  for  efficient 
delivery  will  result  in  a  net  saving  in  operating  expenses. 
Bearing  in  mind  these  conditions,  the  recent  cam- 
paign of  the  ^^'ard  Motor  Vehicle  Company,  of  IMount 
Vernon,  New  York,  in  the  exploitation  of  the  "Ward 
Special" — a  750  pound  capacity  electric  delivery  wagon 
— is  exceedingly  interesting,  because  the  campaign  was 
primarily  aimed  at  the  small  merchant  located  in  New 
York,  Brooklyn  and  adjacent  cities.  Moreover,  it  was 
conducted  upon  lines  which  indicated  that  a  very  careful 
and  thorough  study  had  been  made  of  the  conditions 
confronting  the  small  merchant  located  in  these  districts 
in  the  distribution  of  his  sales.  This  delivery  wagon 
has  been  designed  especially  for  this  class  of  service ;  it 
has  been  standardized  as  to  construction,  and  the  same 
scheduled  manufacturing  process  is  followed  as  that 
adopted  by  the  large  builders  of  gasoline  cars. 

General  Scheme — The  special  sales  campaign  lasted 
during  the  months  of  October  and  November,  ending 
on  December  4,  191 5.  It  was  a  co-operative  campaign  in 
every  sense  of  the  word.  It  was  timed  to  occur  during 
the  period  when  merchants  give  careful  consideration  to 
matters  of  distribution  and  usually  purchase  horses  for 
fall  and  winter  service. 

Terms — The  electric  wagon,   which   sells   for  $875 
(battery  upon  a  rental  basis,  as  described  later),  was 
offered  to  the  merchant  upon  an  installment  plan  of  pay- 
ment approximately  in  line  with  the  following  figures  : — 
I — Upon  signing  of  contract,  five  percent. 
2 — Upon  delivery  of  electric  wagon,  35  percent. 


3 — Monthly  thereafter  for  a  period  of  twehc 
months,  five  percent  per  month  with  interest. 

Battery-Service  Plan — The  vehicle  is  delivered  to  the 
purchaser  completely  equipped  with  65  cells  of  GA  Edi- 
son storage  battery,  but  the  battery  remains  the  prop- 
erty of  the  battery  manufacturer.  For  the  first  year  the 
purchaser  has  free  use  of  the  battery  for  a  vehicle  mile- 
age not  exceeding  625  miles  in  any  one  month,  and  should 
the  vehicle  mileage  exceed  625  miles  in  any  one  month 
the  purchaser  pays  to  the  battery  manufacturer  a  sum 
at  the  rate  of  1.75  cents  per  mile  for  each  excess  mile. 
After  the  first  year  the  purchaser  pays  to  the  battery 
manufacturer  a  rental  charge  of  $10.50  per  month,  with 
the  same  excess  mileage  charge  as  that  mentioned.  Thus 
battery  service  is  provided  by  the  battery  manufacturer 
for  a  definite  monthly  charge.  If  desired,  the  battery 
may  be  purchased  outright  by  the  vehicle  owner.  The 
owner  of  the  car  pays  for  the  power  used  to  charge  the 
storage  battery  at  the  current  rates  and  at  such  place  as 
he  may  have  the  battery  charged,  and  the  cost  of  this 
power  is  not  included  in  the  rental  charge  for  the  stor- 
age battery.  The  wagon  when  delivered  to  the  pur- 
chaser is  equipped  with  an  odometer,  which  is  sealed  by 
the  battery  manufacturer  and  read  by  his  agent  periodi- 
cally to  determine  the  basis  for  charge  in  excess  of  the 
mileage  stipulated  of  625  miles  per  month. 

Piiblicltv — Special  bulletins  describing  the  electric 
wagon  were  mailed  to  a  large  list  of  prospects.  Bulletin 
board  advertising  and  newspaper  advertising  were  also 
employed. 

Central  Station  Co-operation — -Those  central  power 
stations  in  and  about  New  York  City  joined  with  the 
vehicle  manufacturer  in  financing  and  executing  this 
publicity  campaign,  and  also  in  finding  and  appealing  to 
prospective  purchasers. 

Canvas — In  general,  the  sales  force  of  the  central 
stations  worked  as  the  "first  line  of  offense"  and  opened 
the  way  for  the  "heavy  artillery,"  which  consisted  of 
the  manufacturer's  salesmen,  who  were  ready  with  dem- 
onstration cars  to  substantiate  statements  made. 

Advantages  —  The  following  quotation*  outlines 
briefly  the  advantages  to  the  customer  of  such  service, 
being  based  upon  an  analysis  of  conditions  in  and  about 
New  York  City: — "/ — This  vehicle  can  be  stored  and 
washed  in  fifty  liven.'  stables  in  New  York  City  for  $10 
per  month.  .? — For  an  average  daily  mileage  of  approx- 
imately 20  to  25  miles  per  day  the  current  cost  to  the 
consumer  will  not  exceed  $10  per  month,  j — It  costs 
less  to  keep  the  electric  vehicle  in  tires  than  it  does  to 
keep  a  single  horse  in  shoes  for  the  same  distance. 
4 — From  paragraphs  /  and  ^  it  is  obvious  that  the  cus- 
tomer can  secure  for  $20  per  month  what  now  costs  $28 
to  $30  per  month,  the  latter  being  the  cost  of  feed  and 
care  for  his  single  horse  outfit.     5- — The  customer  has 


*From  tlie  National  Electric  Light  Bulletin  of  November, 
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the  advantage  of  a  vehicle  that  is  vastly  more  flexible  in 
his  service  than  is  the  single  horse  and  wagon.  In  other 
words,  this  vehicle  will  fit  into  his  15  or  20  mile  routes 
at  costs  which  are  lower  than  those  of  his  horse  equip- 
ment. Should  a  sudden  demand  require  40  or  50  miles 
per  day  in  his  delivery  service,  the  car  can  instantly 
meet  this  condition  with  only  a  slight  increase  in  cost  to 
cover  the  extra  wear  on  the  tires  and  other  parts." 


A  campaign  such  as  this  one  holds  out  a  number  of 
points  of  interest  to  electric  vehicle  manufacturers,  cen- 
tral stations  and  manufacturers  of  component  parts  of 
the  electric  vehicle.  No  one  will  admit  that  the  last 
word  has  been  said  as  to  the  best  methods  of  marketing 
electric  vehicles,  and  it  is  felt  that  in  this  campaign  are 
the  elements  at  least  of  a  marked  advance  toward  the 
upbuilding  of  the  electric  vehicle  industry  as  a  whole. 


Increasing  the  Spark  by  Adding  Resistance 

Strictly  speaking,  it  is  impossible  to  increase  the  spark  from 
a  given  coil  by  increasing  the  ohmic  resistance  in  series  with 
the  primary.  It  is  possible,  however,  to  make  a  coil  that  with 
resistance  in  series  will  store  energy  more  rapidly  than  another 
without  resistance  and  so  give  a  better  spark  when  operating  at 
such  a  speed  as  not  to  permit  the  current  to  reach  a  final  value. 

The  equations  of  rise  of  current  in  such  a  coil  are  derived 
as  follows : — 

E  =  iR  +  L-n  ,  where  i  =  the  instantaneous  value  of  cur- 
rent, and  iR  and  L  -jj  =  the  e.m.f.  taken  up  by  the  resistance  and 
the  inductance,  respectively. 
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The  instantaneous  value  of  current  is  therefore  at  all  times 
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2.718-f-  this  quantity  becomes  0.368  /  and  at  the  chosen  value 
of  f, «'  =  /  —  0.368  I  :=  0.63^  I.  This  value  for  «  ^  -5  at  which 
the  rising  current  reaches  0.632  of  its  final  value  is  commonly 
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I — RISE  OF  CURRENT   IN   THE  PRIMARY  OF  AN  INDUCTION 

COIL   OF    100  TURNS 
In  .-1 — L  =  0.02  henry;  R  =  I  ohm;  ballast  =  o;  amperes  =  6. 
In  B — L=  0.02  henry;  R=  i  ohm;  ballast  =  I  ohm;  amperes  =  3. 

ohms:  amperes  =  1.5. 


In  C — L  =  0.02  henry;  R  =  I  ohm;  ballast  = 


known  as  the  time  constant  of  the  coil  and  gives  a  convenient 
measure  of  the  period  of  rise  of  current  in  different  coils. 

For  convenience  of  comparison  the  curves  in  Figs,  i  to  3 
are  plotted  in  ampere  turns  instead  of  amperes,  as  the  second- 
ary spark  is  directly  related  to  primary  ampere  turns  if  the  rest 
of  the  coil  is  unchanged.    The  curves  in  Fig.  i  show  the  rise  of 


ampere  turns  in  a  coil  of  100  turns  having  an  inductance  of  0.02 
henry  and  a  resistance  in  the  coil  of  o.i  ohm.  The  coil  is  sup- 
plied with  current  from  a  six-volt  source.  Curve  A  gives  the 
current  with  no  resistance  in  series  and  a  final  value  /  of  six 
amperes  or  600  ampere  turns.  Curve  B  gives  the  current  with 
o.i   ohms  in  series  and  a  final  value  of  three  amperes  or  300 
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FIG.  2— RISE  OF  CURRENT  IN   THE  PRIMARY  OF  AN   INDUCTION 

COIL  OF   50  TURNS 
{"  5~"f'  °°  °°°'  henry;  R  =  0.2s  ohm;  ballast  =  0.2s  ohm;  amperes  =  12. 
r     St   "  °'°°^  henry;  R  =  0.2s  ohm;  ballast  =  0.75  ohm;  amperes  =     6. 
in  /•— L  =  0.00s  henry;  R  =  0.2s  ohm;  ballast  =  1.75  ohm;  amperes  =     3. 

ampere  turns.  Curve  C  gives  the  current  with  3  ohms  in  series 
and  a  final  value  of  1.5  amperes  or  150  ampere  turns.  While  the 
time  constant  is  reduced  by  the  adding  of  resistance  from  0.02 
seconds  to  o.oi  seconds  and  to  0.005  seconds,  the  ampere  turns, 
and  consequently  the  spark,  are  both  reduced  also. 

Curves  D,  E  and  F,  Fig.  2,  cover  the  rise  of  current  in  a  50 
turn  coil  of  the  same  general  dimensions,  but  of  course  having 
L  one-fourth  as  great,  or  0.005  henry,  and  the  resistance  also 
one-fourth  as  great,  or  0.25  ohm.  Obviously,  reducing  the 
number  of  turns  has  not  changed  the  time  constant  of  the  coil 
itself,  as  the  L  and  R  change  in  the  same  ratio.  The  use  of  a 
larger  current,  however,  with  part  of  the  voltage  taken  up  in 
resistance,  permits  energy  to  be  stored  more  rapidly. 
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FIG.   3 — COMP.\RATIVE  CURRENT   RISE  IN  COILS   OF    lOO  AND   50 
TURNS   AND  EQUAL  CURRENT 
In  G  (100  turns) — L=  0.02  henry;  R=  i  ohm;  ballast  =  0;  amperes  =  6. 
In  H  (50  turns)— L  =  0.005  henry.  R  =  0.2s  ohm;  ballast  =  0.75  ohm;  amp.  =  3 
t  =  L  -^R  and  the  current  equals  0.66 

Curves  G  and  H,  Fig.  3,  show  that  even  with  the  same 
amperes  from  the  battery  there  may  for  a  short  period  be  a 
more  rapid  storage  of  energy  in  a  50  turn  coil  with  ballast  of 
0.75  ohm  than  in  a  100  turn  coil  with  no  ballast.  It  is  only 
during  a  very  short  interval  of  time  after  closing  the  circuit  that 
this  is  true.  R.  P.  JaCkson 


Our  subscribers  a^e  invited  to  use  this  department  as  a  means  of  securing  authentic  information  on  electrical  and  mechanical  subjects. 
Questions  concerning  general  engineering  theory  or  pracbce  and  questions  regarding  apparatus  or  materials  desired  for  particular  neetfe  will  be. 
answered.     Speafic  data  regarding  design  or  redesign  of  individual  pieces  of  apparatus  catmot  be  supplied  through  this  department. 

To  receive  prompt  attention  a  self-addressed,  stamped  envelope  should  accompany  each  query.  A  personal  reply  is  mailed  to  each  questioner 
as  soon  as  the  necessary  information  is  available;  however,  as  each  question  is  answered  by  an  eipert  and  checked  by  at  least  two  others,  a  reason- 
able  length  of  time  should  be  allowed  before  expecting  a  reply.     Care  should  be  used  to  furnish  all  data  needed  for  an  intelligent 


1265 — Induced    Current  —  A    two-wire 
No.    10   copper    line    follows    a    60000 
volt,    three-phase,    60    cycle    transmis- 
sion line  on  the  same  poles  and  about 
ten  feet  below  it.     Would  it  be  possi- 
ble to  build  a  small  alternating-current 
generator  that  would  stay  in  step  with 
the  induced  current  across   these  two 
wires,  when  direct  connected  to  a  syn- 
chronous motor   (or  through  gears  to 
give  the  proper  speed),  which  got  its 
power      from      the     60  000    volt    line 
through    the   necessary    transformers? 
Would   loading  the   power   line   aflfect 
this  wave  form  any?       h.r.  k.  (cauf.) 
The  induced  voltage  in  the  No.  10  line 
is  of  the  same  frequency  as  that  of  the 
transmission    line    which    produces    the 
disturbance.     Therefore,  an  alternating- 
current    generator    would    stay    in    step 
with   it,   if   driven    from   a   synchronous 
motor  supplied  by  the  transmission  line. 
The    induced    voltage    may    be    caused 
either  by  electrostatic  or  electromagnetic 
induction,   or   by  both.      If   the    former, 
the  wave   form   is  determined  solely  by 
the  wave  form  of  the  transmission  line 
potential  and  the  voltage  is  not  affected 
either    in     amount    or    wave     form    b\- 
changes  in  load  on  the  power  line  except 
as  such  changes  affect  the  voltage  of  the 
power  line.     If  the  effect  is  due  to  elec- 
tromagnetic induction   its  wave   form  is 
determined  solely  by  that  of  the  power 
line  current,  and  its  value  will   be  pro- 
portional to  the  power  line  current.    The 
question  seems  to  indicate  that  it  is  de- 
sired to  offset  or  neutralize  the  induced 
voltage  in  the  No.  10  line.     This  can  be 
best   accomplished   by   proper   transposi- 
tions of  the  line  so  that  the  average  po- 
sition of  each  of  the  wires  with  respect 
to  the  power  lines  will  be  the  same.     It 
is  also  essential  that  neither  of  the  wires 
be  grounded,  as  in  such  a  case  current 
will  tend  to  flow  to  ground  from  both  of 
the  wires  in  case  of  induced  voltage  ap- 
pearing   between    the    line    and    ground. 
This   would,   of    course,   necessitate   the 
flow  of  current  from  the  ungrounded  to 
the  grounded  wire  through  whatever  ap- 
paratus is  connected  between  the  two. 

A.  w.  c. 

1366^-Amount  of  Motor  Iron — Will 
adding  more  iron  to  a  motor  or  gen- 
erator affect  the  output  of  the  ma- 
chine and  in  what  way?  Can  too  much 
iron  be  put  in  a  magnetic  circuit? 

L.  B.  G.  (n,!,.) 
The  torque  of  a  motor  or  the  counter 
torque  of  a  generator,  which  is  a  meas- 
ure of  its  output,  is  proportional  to  the 
strength  of  the  magnetic  field  and  the 
current  flowing  in  the  conductors  which 
are  located  in  that  field.  Increasing 
either  one  of  these  factors  will  increase 
the  output,  ever>thing  else  remaining  the 
same.  Increasing  the  actual  amount  of 
iron  in  the  machine  will  permit  increas- 
ing the  magnetic  field,  and  from  that 
standpoint  alone  means  increasing  the 
output.  There  is  a  limit  to  this  which 
comes  when  the  iron  is  no  longer  worked 
economically.     This   means   that   a   cer- 


tain flu-x  density  or  magnetic  saturation 
in  the  iron  will  give  the  best  results  for 
a  given  design.     If  the  iron  in  the  ma- 
chine is  increased  so  that  the  magnetic 
saturation  falls  below  the  point  of  max- 
imum efficiency  it  is  no  longer  of  advan- 
tage  to   increase   it   beyond    that   point. 
Practically  the  usual  way  of  increasing 
the  iron  is  in  the  axial  direction  alonii 
the    shaft,    and    increasing    this    dimen- 
sion   introduces    mechanical    considera- 
tions, such  as  distance  between  bearings 
and   size  of  shaft,  which  have   a  deter- 
mining influence  on  this  feature.      A.  M.  n. 
1267 — Effect  of  Field  Excitation  Upon 
Rotary   Converter   Load— What    ef- 
fect, if  any,  has  a  change  in  the  field 
excitation  upon  the  direct-current  cir- 
cuit of  a  rotary  converter,   (a)    when 
running   alone,    (b)    when    in    parallel 
with    other    machines  ?      How    is    the 
alternating-current     circuit     affected? 
How  may  the  load  be  shifted  from  one 
rotary  to  another  when  the  machines 
are   in   parallel,   on   the   direct-current 
side?  H.  vv.  M.  (  MINN.) 

A  rotary  converter  requires  a  certain 
definite  amount  of  flux  passing  through 
its  magnetic  circuit.    If  the  excitation  to 
produce  this  flux  is  not  provided  on  the 
field    poles    it   must   come   automatically 
from   the   armature.      Hence,    when    the 
field   excitation   is   varied,   the   armature 
automatically  takes  a  lagging  or  leading 
current    from   the   line,   the   magnetizing 
effect    of    which    compensates     for    the 
change  made  in  the  field  excitation.   This 
lagging     or     leading     current      flowing 
through  the  reactance  of  the  circuit  pro- 
duces   a    reduction    or    increase    in    the 
alternating-current  voltage,   which   is   at 
once     evidenced     by     a     corresponding 
change     in     the     direct-current    voltage. 
Any    change    in    field    excitation,    there- 
fore, produces   an   actual  change  in   the 
direct-current   voltage    delivered    by   the 
converter  when  running  alone  and  tends 
to    produce    such    a    change    of    voltage 
when  running  in  parallel  with  other  ma- 
chines.     In    the    latter    case,    it    causes 
such  a  shifting  of  the  load  as  will  com- 
pensate for  the  variation  in  alternating- 
current   voltage  by   the   resulting   varia- 
tion in  the  internal  drops.  J.  L.  Y. 
1268— Motor    Operation— (a)    With    a 
three-phase,  delta-connected  secondary 
transformer     connected     to     a     three- 
phase  motor,  what  changed  conditions 
occur  as  will  effect  power-factor,  cur- 
rent per  phase,  voltage  on  the  remain- 
ing leads   and   efficiency   when   a   fuse 
blows   in   either   the   transformer   pri- 
mary or  secondary?     (b)  What  would 
be   the   result   of   running   a   25   cycle 
motor   on   a  60  cycle   circuit,   or  vice 
versa?     What  elements  enter  into  the 
design    of   an   induction    motor,    espe- 
cially in  regard  to  the  importance  of 
frequency?     (c)    How  would  you  de- 
tect  a   reversed   coil   in   a   three-phase 
stator?                                     L.  B.  G.  (ILL.) 
(a)    Blowing   one    fuse   in   either   the 
primary  or  secondary  of  the  transformer 
will    leave    the    motor    operating    single 


phase.  It  will  continue  to  run,  if  the 
load  is  not  too  great,  with  a  current  in 
the  active  phase  about  200  percent  of 
what  it  was  when  running  three-phase. 
The  maximum  torque  will  be  35  to  40 
percent  of  its  value  as  a  three-phase 
motor.  It  would,  of  course,  have  no 
starting  torque  if  allowed  to  come  to 
rest,  (b)  If  the  voltage  on  the  machine 
is  varied  exactly  in  the  same  way  and 
by  the  same  amount  as  the  frequency 
the  magnetic  induction  in  the  iron  and 
the  total  magnetic  field  in  the  motor  will 
remain  the  same.  This  means  that  with 
the  same  armature  currents  the  torque 
will  remain  the  same  and  the  r.p.m.  and 
horse  power  will  vary  directly  as  the 
frequency.  (See  articles  by  Mr.  G.  B. 
Werner  on  "Variations  in  Industrial 
Motor  Performance  with  Variations  in 
Voltage  and  Frequency,"  in  the  Journal, 
Vol.  Ill,  p.  400,  and  by  Mr.  R.  E.  Hell- 
mund  on  "Standard  Apparatus  on  Spe- 
cial Frequencies,"  Vol.  VII,  p.  680).  The 
limitations  on  this  method  of  operation 
are  the  highest  r.p.m.  which  the  rotor 
will  stand  mechanically,  and  the  highest 
voltage  which  the  insulation  will  safely 
stand.  The  influence  of  frequency  is 
felt  most  directly  on  the  speed  since 
,  .  Alts   per   minute 

synchronous   speed   =  No.  of  poles. 

Therefore,  the  number  of  poles  must  be 
chosen  so  as  to  give  the  speed  desired, 
(c)  A  reversed  coil  may  be  suspected  if 
the  currents  in  the  phases  are  unbal- 
anced without  an}'  apparent  reason  or  if 
there  is  pronounced  mechanical  vibration 
of  high  frequenc}'.  It  may  be  detected 
either  by  inspection  of  the  actual  phys- 
ical connections  or  by  exploring  the  in- 
side of  the  stator  bore  with  a  small  com- 
pass. To  make  the  latter  possible  the 
rotor  should  be  removed  from  the  stator 
and  a  low  direct-current  voltage,  say  10 
percent  of  normal,  impressed  on  the 
stator  windings.  If  the  compass  be  then 
held  close  to  the  inside  bore  of  the 
stator  laminations  and  passed  slowly 
around  in  the  direction  of  rotation  of 
the  rotor,  the  compass  needle  will  swing 
through  180  degrees  in  passing  from  a 
north  to  a  south  pole  and  return  on 
passing  from  south  to  north.  As  it 
passes  under  the  defective  or  reversed 
coil  a  momentary  fluctuation  of  the 
needle  will  indicate  the  difficulty.      .\.  M.  D. 


CORRECTIONS 
Fig.  14,  p.  525,  of  the  Journal  for  No- 
lember,  1915,  should  appear  as  below : — 


On  p.  557,  Dec.  '15,  near  the  bottom 
of  the  second  column,  "tan--"  should 
read  "tan-^." 


ECONOMIC  ADVANTAGES  OF 
PHILADELPHIA  THIN  PLATE 
BATTERIES  IN  TRUCK  SER- 
VICE 

James  M.  Skinner 

Engineer  of  the  Philadelphia  Storage 

Battery  C<-mpany 

The  Philadelphia  thin  plate  battery  has 
now  completed  its  sixth  year  of  success- 
ful operation  in  electric  truck  service. 
Put  on  the  market  in  1909,  the  type  WT 
has  been  improved  and  perfected,  year 
by  year,  being  succeeded  in  1912  by  the 
lighter,  higher  capacity  WTX,  and 
reaching  its  highest  development  in  1915 
in  a  still  lighter,  still  higher  capacity 
type,  the  WTXI.  The  WT  quickly  dis- 
placed the  older,  heavier  type  of  plates 
which  had  been  standard  prior  to  1909, 
the  WTX  displaced  the  WT,  and  the 
WTXI  in  turn  is  now  engaged  in  dis- 
placing the  WTX. 

The  first  big  advantage  of  Philadel- 
phia thin  plate  batteries  is  that  they  are 
"oversize."  The  trend  of  the  times  is 
toward  "oversize"  equipment.  We  use 
tungsten  lamps,  not  of  the  same  candle- 
power  as  the  carbon  lamps  of  a  few 
years  ago,  but  of  higher  candle-power, 
electing  to  obtain  more  light  rather  than 
lower  cost :  in  all  directions  we  demand 
a  bigger  margin  than  heretofore.    Phila- 


FIG.    I — DIAMOND    CWD    USEIJ    IN    PHILADEL- 
PHIA   THIN    PLATES 

delphia  thin  plates  meet  this  demand  as 
applied  to  electric  trucks.  Users  want 
more  mileage  than  formerly.  Philadel- 
phia thin  plates  have  increased  the  daily 
mileage  of  electric  trucks  from  50  to  100 
percent.  Philadelphia  batteries  maintain 
higher  car  speed.  An  electric  pleasure 
car  equipped  with  a  standard  Philadel- 
phia WTX  battery  made  the  trip  from 
Philadelphia  to  Boston  at  an  average 
speed  greater  than  20  miles  per  hour. 

At  first  glance  it  might  appear  that  the 
demand  for  "oversize"  equipment  is  un- 
warranted, and  that  people  are  buying 
something  that  they  cannot  use.  The 
electric  truck  of  a  decade  back  had 
neither  the  mileage  nor  the  speed  of  the 
present-day  thin  plate  equipped  car.  yet 
it  went  about  doing  its  work  and  appar- 
ently gave  satisfaction.  Of  what  use 
then  is  the  increased  mileage  and  speed 
of  the  present-day  car?  The  answer  is 
that  greater  mileage  and  higher  speed 
have  added  immensely  to  the  radius  of 
operation  and  the  flexibility  and  the  reli- 
ability of  the  electric,  and  have  de- 
creased battery  maintenance  costs.  They 
have  brought  a  larger  field  of  operation 
within  the  capability  of  the  electric  and 
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have  reduced  the  operating  expense.  If 
the  daily  mileage  required  is  small,  a 
thin  plate  battery  need  only  be  charged 
once  every  two  or  three  days.  If  snow 
or  bad  roads  cause  excessively  high 
power  consumption,  the  "oversize"  char- 
acteristic of  the  thin  plate  enables  the 
car  to  cover  its  usual  route  without  dif- 
ficulty. If  conditions  change  and  longer 
distances  must  be  traveled  per  day,  the 
battery  is  ready  and  able  to  meet  the  de- 
mand. Even  if  the  mileage  required  is 
25  or  30  percent  greater  than  can  be  sup- 
plied by  the  normal  capacity  of  the  bat- 
tery, 25  or  30  percent  additional  capacity 
can  be  obtained  from  the  battery  by 
means  of  an  hours'  boost  at  noon  or  a 
few  minutes'  boost  each  time  the  car  re- 
turns to  the  loading  station.  By  simply 
varying  the  amount  of  charge  given  to 
the  "oversize"  thin  plate  battery  the  car 
automatically  takes  care  of  short  routes 
and  long,  good  weather  and  bad,  dull 
seasons  and  rush  times. 

This  means  when  reduced  to  concrete 
figures,  that  the  mileage  capacity  of  a 
one  or  two-ton  electric  ten  years  ago  was 
30-35  miles.  The  first  Philadelphia  thin 
plate,  the  WT,  increased  this  to  45-50 
miles.  The  WTXI  will  give  55-65  miles, 
and  with  the  aid  of  a  little  boosting, 
75-80  miles  per  day.  In  other  words, 
the  mileage  capacity  of  the  present-day 
thin  plate  equipped  electric  is  double  that 
of  the  electric  of  10  years  ago.  It  may 
be  shifted  on  a  moment's  notice  from  a 
20  to  a  50  or  60  mile  route.  The  big 
"oversize"  thin  plate  battery  makes  it 
adaptable  for  every  emergency  of  city 
delivery. 

The  second  advantage  of  the  Philadel- 
phia thin  plate  battery  is  moderate  price. 
The  initial  price  is  the  lowest  possible 
for  a  high  quality  battery  and  the  re- 
newal price  is  approximately  only  65  per- 
cent of  the  original  price.  The  low  price 
reduces  the  investment  and  brings  the 
cost  of  the  car  within  the  range  of  the 
small  merchant.  Low  initial  battery  cost 
is  also  of  importance  to  the  user  of  a 
fleet  of  trucks.  A  saving  of  from  $500 
to  $1500  per  car  on  the  price  of  the  bat- 
tery does  not  seem  so  much  in  itself,  but 
when  multiplied  by  the  number  of  bat- 
teries used  in  a  fleet  of  20  trucks  it 
amounts  to  the  respectable  sum  of  from 
$10000  to  $30000.  The  low  initial  price 
of  the  Philadelphia  thin  plate  batteries  is 
of  value  to  both  the  large  and  small  user. 
The  third  advantage  of  Philadelphia 
thin  plate  batteries  is  low  operating  and 
maintenance  cost.  This  is  the  product 
of  many  factors.  A  big  factor  is  the 
"Diamond  Grid."  Philadelphia  thin  plates 
are  all  pasted  upon  the  diamond  grid. 
The  diamond  grid  is  built  like  a  bridge 
truss  with  members  so  interlacing  and 
having  such  mechanical  strength  that 
buckling  is  practically  impossible.  The 
interlacing  of  the  members,  moreover, 
provides  another  exclusive  Philadelphia 
feature.  The  active  material  is  actually 
locked  between  the  members  on  the  op- 
posite sides  of  the  plate  and  cannot  jar 
loose  and  fall  out. 

Another  factor  is  the  Philadelphia 
long-life  paste  composition,  developed 
especially  for  thin  plates,  in  combination 
with  the  Philadelphia  hard  wood  sep- 
arator. It  has  been  argued  that  it  is  use- 
less to  use  exceptionally  long-life  plates 
in  storage  batteries,  since  exceptionally 
long  life  could  not  be  realized  because  of 
premature  failure  of  the  wood  separ- 
ators. This  argument  has  force  yvhen 
applied  to  batteries  containing  ordinary 
soft  wood  separators.  The  life  of  the 
plates  in  such  batteries  is  often  limited 


-19- 


by  the  shorter  life  of  the  soft  wood  sep- 
arators. Philadelphia  hard  wood  long- 
life  separators  are  an  important  feature 
in  Philadelphia  thin  plate  batteries  be- 
cause they  permit  the  realization  of  max- 
imum plate  life. 

Still  another  factor  in  low  operating 
cost  is  the  high  rib.  high  quality  rubber 
jars.  The  high  ribs  provide  sufficient 
space  underneath  the  plate  to  accommo- 
date all  of  the  sediment  accumulated 
during  the  life  of  the  battery  and  no  ex- 
pensive, time-consuming  cleanings  are 
required.  The  high  quality  means  more 
new  rubber  in  the  jars,  and  adds  to  their 
cost,  but  it  practically  eliminates  jar 
breakage.  All  Philadelphia  thin  plate 
batteries  are  assembled  in  high  rib.  thick 
walled,  high  quality  jars. 

The  high  efficiency  of  Philadelphia 
thin  plate  batteries  is  another  factor 
which  reduces  the  operating  cost.  The 
Philadelphia  thin  plate  battery  requires 
less  current  per  car-mile  than  any  other 
battery  on  the  market.  The  alkali  bat- 
tery, as  is  shown  by  records  of  actual 
operation,  requires  at  least  40  percent 
more  charging  current.  This  item  alone 
represents  a  saving  in  using  the  Phila- 
delphia thin  plate  of  from  $50  to  $300 
per  year,  depending  on  the  size  of  the 
car,  the  miles  run  and  the  cost  per  unit 
of  charging  current. 


FIG.    2  —  THE    EINISHED    PLATE,     SHOWING 
TRUSS   CONSTRUCTION    TH.\T   IN- 
SURES RIGIDITY 

.\nother  factor  in  the  low  operating 
cost  of  Philadelphia  thin  plate  batteries 
is  the  small  amount  of  regular  daily  at- 
tention they  require.  Regular  charging, 
systematized  to  avoid  gassing  and  heat- 
ing, and  periodic  flushing  with  pure 
water  constitute  the  sum  total  of  the  at- 
tention required.  In  fact,  experience 
has  shown  that  the  less  attention  given, 
beyond  ordinary  cleanliness,  systematic 
charging  and  regular  flushing,  the  better 
the  resiilts  obtained.  There  are  on  the 
market  today  many  forms  of  charging 
apparatus,  low  in  cost,  efficient  and  ab- 
solutely reliable,  which  automatically 
give  the  battery  a  proper  charge  with  no 
attention  or  adjustment  whatever  on  the 
part  of  the  operator.  Such  apparatus  to 
date  has  found  its  largest  application  in 
the  electric  pleasure  vehicle  field,  but 
there  is  no  good  reason  why  it  should 
not  be  just  as  widely  applied  in  commer- 
cial battery  charging.  Philadelphia  engi- 
neers are  always  ready  to  co-operate 
with  car  owners  in  the  selection  of  oper- 
ating apparatus  suitable  to  their  require- 
ments. 

The  final  factor  tending  toward  long 
life,    and    therefore    lower    maintenance 
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cost  from  Philadelphia  thin  plate  bat- 
teries, is  their  "oversize"  characteristic. 
Thick  plate  and  other  low  capacity  bat- 
teries in  electric  trucks  are  often  over- 
worked. They  are  overdischarged  and 
overcharged.  In  order  to  give  maximum 
life  a  battery  should  not  be  overdis- 
charged nor  overcharged.  The  two 
factors  tending  to  wear  out  a  battery  are 
gassing  and  the  chemical  combination  of 
3ae  active  material  with  the  acid  of  the 
electrolyte.  Gassing  is  a  product  of 
charging ;  the  combination  of  the  active 
material  with  the  electrolyte  is  the  es- 
sence of  discharging.  Gassing  repre- 
sents waste.  As  long  as  the  battery  is 
capable  of  absorbing  all  the  charging 
current  no  gas  can  be  generated.  It  is 
only  toward  the  end  of  a  charge,  when 
the  amount  of  discharged  material  is 
small,  that  there  is  much  danger  of  gas- 
sing. At  the  beginning  of  charge  the 
large  amount  of  discharged  active  ma- 
terial in  the  plates  enables  the  battery  to 
take  a  very  high  rate  of  current  without 
gassing.  As  the  charge  progresses  the 
amount  of  discharged  material  decreases, 
and  if  the  current  rate  is  not  reduced 
there  may  be  more  than  can  be  absorbed, 
and  the  excess  will  be  dissipated  in  pro- 
ducing gas.  The  gas  bubbling  out  from 
the  pores  of  the  plates  exerts  a  washing 
action  on  the  active  material  and  causes 
some  of  it  to  loosen  from  the  plate  and 
fall  to  the  bottom  of  the  cell.     Here  is 


FIG.      3 — DIAGR.\M      SHOWING      CAPACITY 

RANGE    OF    PHII,.\UEI,PHIA    THIN 

PLATE   BATTERIES 

where  the  "oversize"  characteristic  of 
the  thin  plate  comes  in.  The  nearer  to  a 
fully  charged  condition  that  a  battery 
approaches  the  heavier  the  gassing. 
Fully  one-half  the  wear  due  to  gassing 
occurs  during  the  last  five  or  ten  percent 
of  the  charge.  Therefore  it  is  desirable 
to  reduce  to  a  minimum  the  amount  of 
charging  given  a  nearly  fully  charged 
battery.  Since  the  capacity  of  a  thin 
plate  battery  is  greater  than  is  usually 
needed,  except  for  emergency,  it  is  pos- 
sible and  desirable  not  to  charge  the 
battery  fully,  except  once  every  week  or 
two,  but  to  bring  it  up  ordinarily  to  say 
only  90  or  95  percent  full  charge,  thus 
eliminating  on  all  but  a  few  charges  the 
last  five  or  ten  percent  of  the  charge 
which  causes  the  greatest  wear  on  the 
plates. 

Just  as  wear  due  to  charging  becomes 
more  pronounced  the  nearer  a  battery 
approaches  a  fully  charged  condition,  so 
the  wear  due  to  discharging  becomes 
more  pronounced  the  nearer  a  battery 
reaches  a  fully  discharged  condition. 
Discharging  tends  to  fill  up  the  pores  of 
a  plate  by  the  formation  in  the  plate  of 
lead  sulphate.  This  is  a  perfectly  nor- 
mal condition.  Lead  sulphate  is  simply 
discharged  active  material.     Unless  lead 


sulphate  forms  there  can  be  no  dis- 
charge. Now  lead  sulphate  occupies 
more  space  than  did  the  charged  active 
material,  and  it  is  a  characteristic  of 
a  well-designed  plate  that  sufficient 
porosity  has  been  provided  within  the 
plate  to  accommodate,  without  excessive 
strain,  all  the  lead  sulphate  which  forms 
on  an  ordinary  discharge.  It  is  inevita- 
ble, however,  that  discharging  should 
cause  some  dislodgement  of  the  active 
material.  The  more  completely  dis- 
charged a  plate  becomes  the  more  the 
pores  become  filled  with  sulphate,  the 
less  space  there  is  for  the  formation  of 
more  sulphate  and  the  more  likely  it  is 
that  surface  particles  will  be  pushed  off 
by  the  sulphate  accumulating  behind 
them  and  unable  to  find  pore  space  in 
which  to  grow.  It  is  just  here  that  too 
hard  plates  fail.  They  have  very  little 
porosity.  The  amount  of  sulphate  nec- 
essary to  fill  the  pores  is  small,  less  than 
is  likely  to  be  produced  on  even  a  mod- 
erate discharge,  consequently  the  strain 
imposed  upon  the  plate  by  discharging  is 
very  great  and  cither  material  will  be 
dislodged  or  the  plate  will  tend  to 
buckle  under  the  strain.  Very  hard, 
dense  plates  may  be  well  adapted  to 
withstand  wear  due  to  charging,  but  they 
are  ill  adapted  to  withstand  much  dis- 
charging. 

Philadelphia  thin  plates  are  built  to 
withstand  discharging  wear  as  well  as 
charging  wear.  Porosity  is  not  sacri- 
ficed to  obtain  maximum  hardness. 
There  arc  enough  pores  to  accommodate 
all  the  sulphate  which  is  formed  during 
discharge,  so  that  even  under  conditions 
of  heavy  discharge  they  wear  slowly. 
But  even  this  slow  wear  is  greatly  dimin- 
ished by  their  "oversize"  characteristic. 
To  obtain  all  the  mileage  desired  it  is 
rarely  necessary  to  discharge  tlicm  to 
more'  than  three-fourths  of  their  full  ca- 
pacity. Experiments  have  shown  that 
the  life  of  the  battery  in  days  is  greatly 
increased  if  it  is  seldom  discharged  to 
its  maximum  capacity.  Maximum  life  in 
days  and  miles  is  obtained  when  a  bat- 
tcrly  is  regularly  recharged  after  about 
So  percent  of  its  capacity  has  been  used. 
Cliarging  before  80  percent  has  been 
used  increases  the  wear  due  to  charging 
unless  exceptional  care  is  taken  to  elim- 
inate gassing.  Using  more  than  80  per- 
cent of  the  capacity  before  recharging 
emphasizes  the  wear  due  to  discharging. 
The  "oversize"  characteristic  of  the  Phil- 
adelphia thin  plate  makes  it  possible  to 
operate  a  Philadelphia  thin  plate  battery 
on  90-95  percent  charges  and  80  percent 
discharges  and  thus  obtain  maximum  life. 

In  carrying  out  this  procedure  it  must 
not  be  forgotten  that  a  full  charge  fol- 
lowed by  an  overcharge  at  a  very  low 
current  rate  is  desirable  once  every  week 
or  two.  The  slight  daily  undercharging 
leaves  in  the  plates  a  small  amount  of 
discharged  material,  which  tends  in  time 
to  harden  to  an  undesirable  extent.  The 
weekly  or  bi-weekly  overcharges  convert 
this  discharged  material  to  charged  ma- 
terial at  regular  intervals,  thus  periodi- 
cally bringing  the  plates  up  to  their 
maximum  capacity  and  keeping  the  bat- 
terv  in  the  best  operating  condition. 
Complete  information  as  to  the  details 
of  operation  will  be  found  in  the  in- 
struction book  published  by  the  Phila- 
delphia Storage  Battery  Company. 

The  foregoing  facts  have  an  important 
bearing  on  the  subject  of  boosting.  In 
hard  service,  where  great  mileage  is  re- 
quired, it  is  always  better  to  boost  than 


to  discharge  a  battery  to  its  fullest  ex- 
tent. The  reason  for  this  is  not  hard  to 
perceive.  Too  full  discharges  cause  ex- 
cessive wear.  Charging  also  causes 
wear,  but  there  should  be  very  little 
wear  on  a  boost  which  follows  the  very 
simple  instructions  given  in  the  booklet 
on  "Boosting,"  issued  by  the  Philadel- 
phia Storage  Battery  Company.  The  cur- 
rent rates  employed  are  high,  it  is  true, 
but  they  come  at  a  time  when  the  bat- 
tery is  sufficiently  discharged  to  stand 
high  charging  rates,  and  the  boost  is  not 
continued  up  to  the  point  of  full  charge, 
so  that  there  should  be  very  little,  if  any, 
gassing  and,  therefore,  very  little  wear. 
Boosting  causes  a  battery  to  work  just 
where  it  works  with  least  wear,  namely, 
in  between  the  extremes  of  full  charge 
and  full  discharge.  In  heavy  service 
boosting  actually  tends  to  increase  the 
life  of  the  battery  and  may  be  employed 
without  hesitation. 

To  retard  the  wear  on  the  plate,  Phil- 
adelphia thin  plate  batteries  are  provided 
with  finely  perforated  rubber  sheets, 
which  are  placed  against  the  positive 
plates.  These  sheets  serve  their  pur- 
pose very  well  and  the  actual  falling  oflf 
from  the  plates  of  loosened  material  is 
greatly  retarded.  Attempts  have  been 
made  at  various  times  to  extend  this 
protection  by  further  enclosing  the  posi- 
tive plates,  as  by  envelopes  or  otherwise, 
but  these  have  proven  unsatisfactory  in 
that  they  do  not  greatly  increase  the  life 


O'SC,^ 


FIG.  4 — DIAGRAM   ILLUSTRATING   HOW  OVER- 
SIZE   CAPACITY    INSURES    AGAINST 
WEAR  IN   SERVICE 

of  the  plates  beyond  that  obtainable  by 
the  finely  perforated  sheets,  and  they  do 
largely  increase  the  cost,  weight  and 
space  necessary  for  a  given  capacity,  and 
entirely  eliminate  the  important  "over- 
size" characteristic. 

Summing  up,  the  economic  advantages 
of  Philadelphia  thin  plate  batteries  are 
three : — 

I — They  are  "oversize"  batteries. 

2 — Their  price  is  moderate. 

3 — The  cost  of  operation  is  low. 

Due  to  their  "oversize"  they  are  pre- 
pared for  any  service,  easy  or  hard. 
They  meet  equally  well  the  moderate 
mileage  of  dull  seasons  and  the  greater 
mileage  of  rush  times.  They  are  able  to 
cope  with  the  increased  demands  im- 
posed upon  them  by  snow  and  bad  roads 
without  reduction  of  the  usual  route. 
They  possess  to  the  highest  degree  the 
quality  of  adapting  themselves  to  the  de- 
mands of  the  service. 

The  moderate  price  of  Philadelphia 
thin  plate  batteries  renders  it  unneces- 
sary to  tie  up  excessive  amounts  of  cap- 
ital in  the  transportation  department, 
and  the  low  operating  cost  reduces  to  a 
minimum  the  monthly  expenses.  The 
Philadelphia  thin  plate  battery  embodies 
to  the  highest  degree  the  ability  to  meet 
the  requirements  of  any  service  at  the 
lowest  possible  cost. 
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PERSONALS 
Mr.  Edward  N.  Lake,  formerly  in 
charge  of  the  Chicago  office  of  the  Stone 
&  Webster  Engineering  Corporation, 
has  become  a  partner  in  the  Krehbiel 
Company,  engineers  and  constructors, 
with  offices  in  the  Marquette  Building. 
Chicago.  Mr.  Lake  has  made  electricity 
and  its  commercial  applications  his  spe- 
cialty. Mr.  Lake  has  been  connected 
with  the  .'Arnold  Company,  Bion  J. 
Arnold,  the  Western  Electric  Company, 
Chicago  Edison  Company  and  Board  of 
Supervising  Engineers.  The  Krehbiel 
Company  is  doing  in  smaller  units  the 
same  kind  of  work  that  Stone  &  Web- 
ster, H.  M.  Byllesby  &  Co.  and  J.  G. 
White  Company  have  done  in  terms  of 


Mr.  D.  E.  Parsons,  until  recently  of 
tlie  Pittsburgh  office  of  the  Westing- 
house  Electric  &  Mfg.  Company,  has 
been  appointed  general  manager  of  the 
East  St.  Louis  &  Suburban  Railway,  and 
will  take  up  his  new  work  on  January  I. 
Mr.  Parsons  entered  the  engineering 
apprenticeship  course  at  East  Pitts- 
burgh in  1904.  In  1906  he  took  up  work 
in  the  sales  department.  Later  he  was 
in  the  export  department  and  in  1908 
went  to  the  Fairmont,  W.  Va.,  branch 
office.  For  the  past  several  years  he 
has  been  in  the  railway  and  lighting  de- 
jiartment  of  the  Pittsburgh  office. 


Mr.  E.  G.  Connett,  president  of  the 
International  Railways  Company,  of 
Buffalo,  N.  Y.,  has  been  elected  vice- 
president  of  the  United  Gas  &  Engi- 
neering Corporation,  New  York  City. 


Mr.  Charles  A.  Stone,  of  Stone  & 
Webster,  Boston,  Mass.,  has  been  elected 
president  of  the  American  International 
Corporation,  which  has  been  organized 
for  the  purpose  of  promoting  American 
enterprise,  industry  and  commerce  in 
foreign  lands.  Mr.  Stone  will  transfer 
his  residence  from  Boston  to  New  York 
City. 

Mr.  Albert  D.  Hart,  of  the  general 
engineering  division  of  the  Westing- 
house  Electric  &  Mfg.  Company,  who 
has  been  president  of  the  Westinghouse 
Club  for  1915.  has  resigned  to  take  a  po- 
sition with  the  Morgan  Silver  Plate 
Company  at  Winsted,  Conn. 


Mr.  Bernard  Lester  has  recently  been 
appointed  manager  of  the  small  motor 
section  of  the  industrial  department  of 
the  Westinghouse  Electric  &  Mfg.  Com- 
pany. 


Mr.  A.  P.  M.  Fleming,  superintendent 
of  the  British  Westinghouse  works, 
Manchester,  England,  is  in  the  United 
States  making  an  investigation  of  Amer- 
ican institutions  organized  to  conduct  in- 
dustrial research.  At  present  he  is  at 
the  University  of  Illinois  in  consultation 
with  Prof.  E.  B.  Paine,  head  of  the  elec- 
trical engineering  department. 


Mr.  Arthur  W.  Berresford,  vice-presi- 
dent and  general  manager  of  the  Cutler- 
Hammer  Mfg.  Company,  was  elected 
president  of  the  Electrical  Manufac- 
turers' Club  at  its  recent  convention  at 
Hot  Springs,  Va. 


OBITUARY 


William  Andrew  Conner,  of  Plain- 
field,  N.  J.,  died  suddenly  Monday,  De- 
cember 6,  at  his  office  in  Perth  Amboy, 
N.  J.  He  was  born  in  Baltimore,  Sep- 
tember 12,  1859,  and  began  his  business 
career  in  1876,  in  Pittsburgh,  in  the  oil 
refining  business,  in  which  he  reached 
the  position  of  assistant  manager  for  the 
Standard  Oil  Company.  In  1885  he  took 
charge  of  the  first  plant  built  by  the 
Standard  Underground  Cable  Company 
in  Pittsburgh,  and  from  then  to  the 
time  of  his  death  he  was  the  head  of 
the  manufacturing  business  of  that  com- 
pany, including  large  plants  in  Pitts- 
burgh, Pa.;  Perth  Amboy,  N.  J.;  Oak- 
land, Cal.,  and  Hamilton,  Canada.  He 
was  a  director  for  ten  years  and  first 
vice-president  since  1909.  He  was  also 
vice-president  and  director  of  the  Stand- 
ard Underground  Cable  Company  of 
Canada,  Ltd.  Mr.  Conner  moved  from 
Pittsburgh  to  Plainfield  in  1904,  where 
he  had  since  resided. 


Mr.  James  Mapes  Dodge,  chairman  of 
the  board  of  the  Link-Belt  Company, 
died  at  his  home  in  Philadelphia,  De- 
cember 4,  191 5.  He  was  born  June  30, 
1852,  at  Waverly,  N.  J.  Mr.  Dodge 
spent  three  years  at  Cornell  University 
and  a  year  at  Rutgers.  After  spending 
a  short  time  at  the  Morgan  Iron  Works 
in  New  York  City,  he  entered  the  shops 
of  John  Roach,  the  shipbuilder,  at  Ches- 
ter, Pa.,  where  his  marked  mechanical 
ability  and  ingenuity  brought  him  rapid 
advancement.  Shortly  after  the  Cen- 
tennial at  Philadelphia  in  1876  he  went 
to  Chicago.  Here  he  formed  the  ac- 
quaintance of  William  D.  Ewart,  the  in- 
ventor of  the  Ewart  link-belting,  and 
soon  after  joined  hands  with  Mr.  Ewart 
and  his  associates  in  the  development  of 
the  chain  business.  He  entered  into 
partnership  with  Edward  H.  Burr  under 


the  firm  name  of  Burr  &  Dodge,  who 
represented  in  Philadelphia  the  Ewart 
Mfg.  Company  of  Indianapolis — the 
original  manufacturers  of  Ewart  de- 
tachable link-belt— for  the  exploitation 
of  the  E\vart  chain  and  its  allied  inter- 
ests. Out  of  this  partnership  grew  the 
Link-Belt  Engineering  Company,  organ- 
ized in  1888.  He  was  elected  president 
of  the  Link-Belt  Company  in  1892  and 
chairman  of  the  board  of  directors 
when  it  was  organized  in  1906  through 
the  merger  of  the  allied  companies — the 
Link-Belt  Engineering  Company,  Phila- 
delphia; the  Link-Belt  Machinery  Com- 
pany, Chicago,  and  the  Ewart  Mfg.  Com- 
pany, Indianapolis.  Mr.  Dodge  was  re- 
sponsible for  the  design  of  the  links  and 
attachments  in  all  of  the  various  sizes 
of  link-belting  used  today  throughout 
the  world,  and  owing  to  the  excellence 
of  his  original  designs  they  have  not  yet 
been  improved  upon. 


A.E.R.A.  MEETING 

The  seventh  annual  midyear  meeting 
of  the  American  Electric  Railway  As- 
sociation is  to  be  held  in  Chicago  on 
February  4,  1916.  It  is  planned  to  go 
over  the  discussion  of  two  subjects, 
"Valuation"  and  "Rate  of  Return."  The 
meeting  will  be  held  at  the  Congress 
Hotel. 


A.S.M.E.  ANNUAL  MEETING 
At  the  annual  meeting  of  the  Amer- 
ican Society  of  Mechanical  Engineers, 
Dr.  John  .A.  Brashear,  of  Pittsburgh,  re- 
tiring president,  delivered  an  address  on 
"Science  in  Its  Relation  to  Engineer- 
ing." The  officers  elected  for  the  ensu- 
ing year  are  : — President,  D.  S.  Jacobs  ; 
vice-presidents.  G.  W.  Dickie,  Henry 
Hess.  James  E.  Sague,  W.  B.  Jackson, 
of  Chicago;  J.  S.  Bancroft  of  Philadel- 
phia ;  Julian  Kennedy,  of  Pittsburgh ; 
treasurer.  W.  H.  Wiley;  secretary.  Cal- 
vin W.  Rice. 


COMING  CONVENTIONS 
OF  A.I.E.E. 

At  the  meeting  of  the  board  of  di- 
rectors of  the  American  Institute  of 
Electrical  Engineers,  held  December  10, 

1915.  it  was  decided  to  hold  the  usual 
midwinter  convention  in  New  York  City 
on  February  8-9,  1916.  At  the  same  meet- 
ing a  Pacific  Coast  convention  was  au- 
thorized to  be  held  in  Seattle,  Wash.,  in 

1916,  under  the  auspices  of  the  Seattle 
Section  of  the  Institute.  The  programs 
of  these  conventions  will  be  announced 
later. 


Double-Day  Hill  Electric  Company 

PITTSBURGH,  PA.         WASHINGTON,  D.  C. 

CW^e  have  no\v  opened  our  W^ash- 
ington  W^arehouse  and  will  handle 
promptly  all  orders  from  Maryland, 
Virginia.  North  and  South  Carolina 

LOW  PRICES         QUICK  DELIVERY 
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NEW  BOOKS 

"Principles  of  Direct-Current  Machines" 
— Alexander  S.  Langsdorf.  404  pages, 
313  illustrations.  Published  by  Mc- 
Graw-Hill Book  Company,  New  York 
City.     Price  $3.00. 

This  college  textbook  for  junior  and 
senior  students  in  electrical  engineering 
is  devoted  principally  to  fundamentals 
underlying  the  design  and  operation  of 
various  types  of  direct-current  machines. 
Attention  has  been  concentrated  upon 
certain  features.  For  example,  Chapter 
III  contains  a  full  derivation  of  tlie  rules 
governing  armature  windings ;  Chapters 
VI  and  VII  also  include  a  considerable 
amount  of  material  on  the  operating 
characteristics  of  generators  and  motors, 
largely  of  a  graphic  character,  including 
the  use  of  three  dimensional  diagrams. 
An  extensive  treatment  of  commutation 
is  given  in  Chapters  VIII  and  IX.  This 
is  a  subject  which  is  not  ordinarily  gone 
into  deeply  with  students.  While  cal- 
culus is  used  freely,  the  book  is  not  espe- 
cially of  a  mathematical  nature.  The 
illustrative  drawings  are  apparently 
original  and  in  some  cases  present  facts 
in  a  rather  unique  form.  Only  a  few 
illustrations  of  commercial  apparatus  are 
included. 


"Specifications  and  Design  of  Dynamo- 
Electric  Machinery"  —  Miles  Walker. 
648  pages,  533  illustrations.  Published 
by  Longmans,  Green  &  Co.  For  sale  by 
The  Electric  Journal.  Price  $10.00. 
There  have  been  numerous  books  pub- 
lished on  the  design  of  electrical  ap- 
paratus, but  the  present  one  goes  into  the 
subject  much  more  thoroughly  than  any 
the  reviewer  has  had  the  opportunity  of 
examining.  The  author  has  been  for  a 
number  of  years  consulting  designer  to 
the  British  Westinghouse  Company,  as 
well  as  professor  of  electrical  engineer- 
ing at  the  Manchester  (England)  School 
of  Technology.  While  written  by  an 
English  author,  the  book  applies  almost 
as  well  to  American  practice,  due  to  in- 
terchange of  information  as  to  the  de- 
signs of  the  .Vmerican  and  British  com- 
panies. The  designs  are  essentially  prac- 
tical, beginning  with  discussions  on  the 
magnetic  and  electric  circuits.  This 
book  includes  not  only  the  theoretical  de- 
sign, but  the  specifications  of  worked-out 
designs.  In  the  first  part  of  the  book  a 
collection  of  simple  rules  are  given  for 
calculating  the  dimensions  and  quanti- 
ties met  in  designing  electric  motors  and 
generators.  The  method  of  designing 
armature  coils  and  moulds  for  forming 
coils  is  gone  into  quite  thoroughly  with 
illustrations  of  armature  coil  moulds  of 
various  types.  The  properties  of  insula- 
tion and  methods  of  insulating  coils  are 
then  taken  up,  including  examples  of  cal- 
culations as  to  space  required  for  insula- 
tion. The  subject  of  generator  ventila- 
tion with  special  reference  to  turbo-gen- 
erators is  then  discussed,  with  a  thor- 
ough analysis  of  the  method  of  prede- 
termination of  temperature  rise,  includ- 
ing the  use  of  thermo-couples.  Part  II 
takes  up  the  specification  and  the  design 
to  meet  the  specification.  A  specification 
for  a  750  k.v.a.,  three-phase,  engine- 
driven  generator  is  given  and  analyzed 
thoroughly;  also  for  a  generator  to  be 
direct-connected  to  a  gas  engine ;  also 
for  a  water  turbine-driven  generator. 
Turbo-generators  are  then  discussed  and 
the  specification  and  analysis  of  a  15000 
k.v.a.,  three-phase  turbo-generator  given 
in  full.  A  section  on  induction  motor  de- 
sign   follows,   in    which    various    details 


are  discussed,  such  as  magnetizing  cur- 
rent and  short-circuit  current  by  calcula- 
tion from  the  design,  etc.  A  specifica- 
tion for  a  1500  horse-power  induction 
motor  is  given  in  detail,  also  for  other 
motors  designed  for  various  specific  pur- 
poses. A  chapter  is  devoted  to  continu- 
ous-current generators,  also  to  rotary 
converters  and  phase  advances.  To  those 
who  desire  to  go  into  details  of  design 
from  a  practical  and  commercial  stand- 
point, this  work  should  be  unusually 
valuable. 


"The  W-PVT  Chart"— Merl  R.  Wolfard 
and  Charles  K.  Carpenter ;  size  24x38 
inches ;  price  soc.  Also  "Conversion 
Chart,"  by  the  same  authors ;  size 
12x34  inches ;  price  25c.  Both  charts 
published  by  John  Wiley  &  Sons,  New 
York. 

These  charts  are  published  in  advance 
of  a  book  by  the  same  authors  on  "E.x- 
ponential  Computation  Charts  for  Engi- 
neers." The  W-PVT  Chart  contains 
three  distinct  groups  of  straight-line 
curves  combined  into  one  chart.  Tin- 
first  group  in  the  P-V  Quadrant  give-- 
volume-pressure  relations  of  any  gas  i^r 
vapor  which  follows  the  law  PV"  =  a 
constant.  Additional  scales  give  directly 
in  a  single  reading  the  work  done  in 
foot-pounds  in  an  air  compressor  or  by 
the  Rankine  cycle  in  a  steam  engine. 
The  second  group  of  curves  gives  the 
relations  between  temperature  and  vol- 
ume of  any  gas  according  to  the  law 
TV"-'  =  a  constant;  also  this  group  of 
curves  gives  directly  the  work  done  in 
b.t.u.  per  pound.  The  third  group  con- 
tains curves  for  obtaining  the  cube  or 
cube  root  and  the  3/2  or  5/2  power  or 
root  of  any  number.  The  Convcrsimi 
Chart  represents  more  than  40  completr 
conversion  tables,  among  the  more  ini 
portant  of  which  are : — Power  conver- 
sions, speed  conversions,  linear  conver- 
sions and  volumetric  conversions.  Con- 
versions between  any  units  of  the  same 
order  can  be  obtained  directly  without 
computation.  Both  these  charts  arc 
printed  on  excellent  grade  of  heavy 
bond  paper  and  the  curves  are  plotted  on 
logarithmetic  co-ordinates.  The  con- 
stants for  all  relations  are  included  di- 
rectly in  the  charts,  and  all  values  can  he 
read  with  an  accuracy  about  equal  to 
that  of  a  ten-inch  slide  rule.  For  any 
engineer  who  frequently  has  to  deter- 
mine values  of  steam  or  gas  expansion 
or  compression,  or  who  has  frequent  oc- 
casion to  change  units  of  measure  from 
one  system  to  another,  as  for  instance, 
from  the  metric  to  the  English  system, 
these  charts  will  prove  of  great  time- 
saving  value.  c.  R.  R. 


"Experiences  in  Efficiency"  —  Benj.  A. 
Franklin.  167  pages.  Published  by 
The  Engineering  Maga::ine.  For  sale 
by  The  Electric  Journal.  Price  $1.50. 
Mr.  Franklin's  book  is  presented  in 
answer  to  many  inquiries  for  successful 
examples  of  efficiency  methods  and 
operation.  The  material  is  selected  fri.m 
various  wide  and  successful  experience 
and  represents  a  diversity  of  situation 
in  a  variety  of  industries.  Most  of  tin- 
chapters  appeared  originally  in  The  En- 
gineering Magazine  and  are  reprinted  in 
revised  form.  Four  chapters  are  given 
to  methods  of  increasing  production;  the 
fifth  extends  the  same  principles  to  non- 
productive labor;  the  sixth  enlarges  tli' 
same  ideas  to  include  the  entire  fori  > 
Succeeding  chapters  discuss  the  broadn 
phases  of  the  problem,  including  the  ef- 
ficiency cost  systems,  etc. 


This  Pole*" 

$10.50 
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NEW  BOOKS 

"Telephone  Appraisal  Practice" — J.  C. 
Slippy.  6x9  inches,  97  pages.  Pub- 
lished by  the  author.  For  sale  by  The 
Electric  Journal.  Price  $4.00. 
As  the  work  of  regulation  of  rates 
and  service  of  utility  companies  by  Pub- 
lic Service  Commissions  is  extended 
more  companies  are  required  to  prepare 
appraisals  and  valuations.  There  is  still 
a  great  deal  of  information  that  may  be 
made  available  to  the  profit  of  the  ma- 
jority of  operating  companies,  so  that 
each  fresh  publication  on  the  subject 
adds  to  the  store  of  data  which  may  be 
consulted  and  utilized  in  order  to  place 
the  final  valuation  report  upon  the  most 
solid  basis.  Of  course,  the  application 
of  the  different  elements  of  valuation  is 
possible  of  a  wide  range  in  treatment 
owing  to  the  diverse  views  still  held  by 
reputed  authorities  and  appraisal  ex- 
perts, and  with  this  book  we  have  an- 
other contribution  to  appraisal  literature. 
While  this  volume  is  comparatively  brief, 
it  is  confined,  as  the  title  implies,  to  the 
telephone  branch  of  the  art.  It  also  ap- 
plies to  specific  experience,  giving  inven- 
tory forms  and  unit  costs,  with  a  gen- 
eral introductory  chapter  on  regulation, 
and  closing  with  two  chapters,  one  ap- 
plying to  depreciations  and  the  other  to 
commission  requirements.  In  the  matter 
of  unit  costs  the  author  limits  himself 
to  a  given  locality  and  does  not  discuss 
the  range  in  costs  obtaining  throughout 
the  United  States.  However,  he  points 
out  that  the  figures  given  are  to  be  used 
for  checking  purposes.  E.  D.  d. 


chasing  end  of  the  business  demands  as 
careful  consideration  as  that  of  produc- 
tion or  operation.  Unless  the  purchas- 
ing is  done  on  favorable  terms  a  handi- 
cap is  established.  As  the  selling  of  the 
commodity  or  output  is  the  very  life  of 
any  business,  this  function  has  been  de- 
veloped to  a  high  degree.  In  general 
this  would  tend  to  place  the  buyer  at  a 
disadvantage  when  dealing  with  a  highly 
trained  salesman.  The  object  of  this 
book  is  to  afford  those  fitting  themselves 
for  the  work  to  counteract  the  strategy 
of  the  salesmen  and  to  so  conduct  them- 
selves as  to  secure  the  lowest  prices. 
Certain  attitudes  and  practices  of  some 
purchasing  agents  and  buyers  which  they 
adopt  to  best  the  seller  are  shown  to 
operate  against  him.  The  proper  pro- 
cedure in  negotiating  for  low  prices,  etc., 
are  set  out  in  this  interesting  book,  to- 
gether with  discussions  on  the  necessary 
qualifications  of  the  buyer,  strategy,  fea- 
tures of  law,  general  purchasing  organi- 
zations and  references  to  forms  that 
should  be  used.  E.  d.  d. 


"Test  Methods  for  Steam  Power  Plants" 
— Edward  H.  Tenney.  208  pages,  85 
illustrations,  33  tables.  Published  by 
D.  Van  Nostrand  Company,  New  York 
City.    Price  $2.50. 

Scientific  publications  on  power  plant 
topics  have  been  quite  abundant,  but  with 
the  advance  made  in  both  science  and 
actual  practice  preceding  works  may  be 
enlarged  and  improved  upon.  Moreover, 
the  subjects  may  be  rearranged  and  han- 
dled in  such  a  way  as  to  facilitate  the 
use  of  the  information  by  operating  men. 
In  this  respect  the  author  succeeded  ad- 
mirably in  producing  a  compact  refer- 
ence volume  which  will  be  of  almost 
daily  service  to  the  power  plant  engineer 
in  his  effort  to  get  the  highest  operating 
efficiencies.  The  author's  knowledge  ac- 
quired both  theoretically  and  practically 
has  afforded  him  exceptional  qualifica- 
tions for  undertaking  a  work  of  this 
kind,  which  is  reflected  by  the  character 
of  the  book,  which  is  intensely  practical, 
with  sufiicient  fundamental  principles 
interspersed  to  provide  an  intelligent 
understanding  of  the  work  to  be  done. 
The  book  covers  such  problems  as  pur- 
chasing and  testing  of  coal,  efficient 
burning,  analysis  and  treatment  of  feed 
water,  testing  of  prime  movers  and  the 
determination  of  the  qualities  of  lubri- 
cants. As  the  conducting  of  tests  of 
some  nature  is  nearly  a  continuous  per- 
formance in  modern  power  plants,  this 
handy  manual  will  undoubtedly  be  ac- 
corded a  prominent  place  in  the  library 
of  the  operating  engineer.  E.  d.  d. 


Thanholn-Loken  Railway  in  Norway 
and  the  Rjukan  Railway  in  South  Nor- 
way. The  Swedish  State  Railways  are 
described  in  chapter  IX.  The  conclud- 
ing chapters  are  devoted  to  discussions 
of  the  New  Haven,  Spokane  &  Inland, 
the  Rock  Island  &  Southern,  the  Hoosac 
Tunnel  and  the  St.  Clair  Tunnel  electric 
lines  in  the  United  States.  The  entire 
work  is  illustrated  with  photographs  and 
diagrams,  and  should  be  of  considerable 
value  as  a  book  of  reference  regarding 
the  present  status  of  single-phase  rail- 
way electrifications. 


"Purchasing"  —  C.  S.  Rindsfoos.  162 
pages,  illustrated.  Published  by  the 
McGraw-Hill  Book  Company.  Price 
$2.00. 

Keen  competition  requires  that  manu- 
facturers and  users  obtain  their  equip- 
ment and  new  materials  at  the  lowest 
possible   price.      Consequently,   the   pur- 


"Human  Nature  and  the  Railroads" — 
Ivy  L.  Lee.  129  pages.  Published  by 
E.  S.  Nash  &  Co.  For  sale  by  The 
Electric  Journal.  Price  $1.00. 
The  identification  of  the  interests  of 
the  people  with  that  of  railroads  is 
brought  out  in  a  clear  and  convincing 
way  by  Mr.  Lee.  It  is  shown  that  de- 
mands cannot  be  made  upon  the  rail- 
roads without  being  based  on  some  eco- 
nomic consideration,  and  that  opportu- 
nity must  be  given  to  the  railroad  to 
meet  its  various  obligations  properly.  In 
brief,  one  of  the  important  features  cov- 
ered by  the  author  is  the  fallacy  of  the 
attempt  (by  legislation)  to  increase  the 
expense  of  the  railroads  without  taking 
into  account  tlie  revenues.  This  useful 
book  comprises  a  series  of  addresses 
which  the  author  gave  before  different 
civic,  commercial  and  professional  bodies 
throughout  the  country  when  he  was 
executive  assistant  of  the  Pennsylvania 
Railroad.  While  the  problems  of  the 
railroads  are  primarily  considered,  the 
discussions  regarding  the  attitude  of  the 
public,  the  value  of  publicity,  different 
phases  of  management,  government  own- 
ership, etc.,  apply  with  equal  force  to  all 
public  utilities.  Mr.  Lee's  manner  of 
setting  forth  the  serious  and  important 
phases  of  the  present  utility  situation 
cannot  fail  to  secure  the  immediate  in- 
terest of  the  readers.  E.  D.  D. 


"Single-Phase  Electric  Railways" — Ed- 
win Austin.  303  pages,  246  illustra- 
tions. Published  by  D.  Van  Nostrand, 
New  York  City.  Price  $5.00. 
This  is  a  large  illustrated  book  based 
on  material  appearing  originally  in  the 
columns  of  the  (London)  Engineer  and 
refers  mostly  to  European  practice,  in- 
cluding descriptions  of  the  London- 
Brighton  &  South  Coast  Railway  and 
the  Midland  in  England,  the  Midi  Rail- 
way in  France,  the  Blankenese-Ham- 
burg-Ohlsdorf  Railway,  the  Dessau- 
Bitterfield  Railway,  the  Murnau-Ober- 
ammergau  Railway  in  Germany  and 
Austria,  the  Mittenwald  in  the  Tyrol, 
the  Alpine  railway  known  as  the  St. 
Polten-Mariasdel!  Railway,  the  Swiss 
line  known  as  the  Martigny-Orsieres 
Railway ;  also  the  Valle-Mattia  Railway 
and  the  Rhaetian  Railway,  along  with  a 
section  on  the  Lotschberg-Simplon  Rail- 
way. The  following  chapter  is  devoted 
to  the  Rotterdam-Scheveningen  Rail- 
way.    In   chapter   VII   is   described   the 


"How  to  Make  a  Transformer  for  Low 
Pressures" — F.   E.   Austin.      14   pages, 
illustrated.     Price  25c. 
This  little  pamphlet  has  been  prepared 
by  Professor  Austin,  of  DartmouthCol- 
lege,  Hanover,  N.  H.,  and  it  explains  a 
method  of  constructing,  without  expen- 
sive tools  or  machinery,  a  transformer  to 
reduce  the  potential  from  IIO  to  about  8 
volts. 


WP^y^mS  LIBRARY  OF 

ELECTRICITY 

In  6  Leather    *      Pocket  Books 

.;   .:  Price     per.  Volume 


in  the 


Here  is  a  set  of  l,.,..k3  tlKit  no  ma 
ELECTIUCAL  KIKLD  .-hould  do 
This  is  the  KLKCTRICAL  AGE  in  which  »e 
hve;  ELECTKICITV  now  controls  more  trades, 
directs  more  men,  offers  more  opportunities  than 
any  other  power  that  man  has  yet  discovered. 
Do  you  wish  to  know  the  underlvine  principles 
of  MODEIiNET.ECrlilCM,  ru  MTICE? 

If  so,  HAWKINS  ELECTRICAL  GUIDES  will  give 
you  the  inforniHlinn.  In  rr:,l,ly  th<_-y  are  a 
school  within  th.iiisclvos,  r.iiitiuTMng  a  complete 
study  course  with  QUESTIONS,  ANSWERS 
AND  ILLUSTRATIONS,  written  in  plain 
everyday  language  so  that  a  practical  man  can 
understand  the  "HOW,  WHEN  AND  WHY" 
OF  ELECTRICiTV. 


"THAT'S  JUST  WHAT  I  NEED" 

They  are  handsomely  bound  in  flexible  black 
leather  with  gold  edge.s  and  will  readily  go  in  the 
pocket.  THEY  ARE  NOT  ONLY  THE  BEST, 
But  the  CHEAPEST  WORKS  PUBLISHED 
ON  ELECTRICITY.  ,      .„  ^ 

Each  book  is  complete  in  itself  and  will  be 
supplied  $1.00  per  coi;y,  but  we  believe  that  the 
complete  set  is  the  best  bargain. 

The  books  can  speak  for  themselves  and  a 
careful  examination,  page  by  page,  and  illustration 
by  illustration,  will  convince  you  of  their  big 

If  you  will  611  out  the  following  coupon  ^ving 
all  the  information  requested,  WE  » ILL 
SUBMIT  THE  SIX  VOLUMES  FOR 
EXAMINATION  ON  CONDITIONS  NAMED 


FREE  E^TAMINATION  OFFER. 


Theo.  Audel  &  Co.,  72  5th  Ave.,  New  Yor!! 

Please  submit  n-e  tor  j.tamination  HAWKINS 
ELECTRICAL  OUIDES  (Price  SI  each.) 

Ship  at  once,  prepaid  the  6  numbers:  .1 
satisfactory  I  agree  to  send  you  Jl  within  levcc 
days  and  to  further  mail  you  SI  eaot  :2on:t 
imtil  paid. 

Signature ....v 

Occupation • . 

Business  Address . . 

Residence 

Reference E.  J.  1-16 
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FOR  SALE 
Generators 

On  account  of  changing  our  distribution  system 
from  single  to  three  phase,  we  have  for  immediate 
delivery  and  in  first-class  condition  one  i8o  K.W., 
600  r.p.m..  and  one  120  K.W.,  900  r.p.m.,  alter- 
nators; both  G.  E..  Type  A.S.,  2300  volts,  single 
phase,  60  cycle,  belted  machines,  and  complete 
with  paper  pulleys  and  exciters.  Will  sell  very  low 
if  taken  at  once.  Home  Electric  Heating  Com- 
pany. Eveleth,  Minn. 

Power  Plant  for  Sale 

350  hp.  tandem  compound  Skinner  engine,  200 
r.p.m..  direct  connected  to  200  kva.  Crocker- 
Wheeler  generator.  240  volt'  3  phase.  60  cycle, 
complete  with  exciter  and  two  panel  board. 
This  set  has  seen  very  little  use.  Also  two 
200  hp.  Sterling  boilers  with  100  ft.  stack  and 
in  A I  condition .  Also  Wheeler  condenser 
pump,  boiler  feed  pumps,  air  compressors, 
blowers,  motors,  etc.  Will  be  sold  very  cheap. 
Address  A.  J.  Stahl,  South  Bend.  Ind. 


Engine  Generator  Boiler 

One  28"  X  56"  X  48"  cross  compound  Rice  & 
Sargent  engine,  direct  connected  to  Westinghouse 
1200  K.W.,  3  phase,  60  cycle,  2300  v.,  90  R.P.M. 
generator,  including  Blake  Jet  Condenser,  bronze 
body.  Also  twelve  Babcock  &  Wilcox  water  tube 
boilers,  hp.  rating  390;  180  lbs.  pressure;  including 
piping,  suspensions.  Roney  Stokers  and  stoker 
drive.  Boilers  may  be  purchased  with  or  without 
stokers.  All  apparatus  in  excellent  condition, 
ready  for  immediate  deliveo'-  Address  Nar- 
ragansett  Electric  Lighting  Co  ,  Providence.  R.  I. 


Light  Plant  for  Sale 

Instruments,  switchboard,  exciter,  belts,  60  kw. 
generator,  100  hp.  engine,  125  hp.  boiler,  heater 
pump,  piping,  etc.,  the  complete  60  cycle,  iioo  volt 
electric  light  plant  recently  shut  down  by  the  Water- 
ford  Electric  Light  Company,  Waterford,  Pa.,  on 
account  of  purchasing  power. 


I  General  Electric  Alternator,  direct  connected  to 
a  16K-28V4-30  Cross  Compound  Buckeye  Auto- 
matic Engine. 

Alternator  Type  ATB— No.  70919-ISO  R.P.M.— 
75. S  Amperes,  3  Phase.  60  Cycle,  2300  volts. 


IN  TIMES  OF  STRESS 

USE 

l-T-E  CIRCUIT  BREAKERS 

THE  CUTTER  COMPANY 

Philadelphia,  Pa. 


RATES 

Positions  Vacant,  Positions  Wanted. 
Agents  and  Salesmen  Wanted — 3  cents  a 
word — minimum,  Ji.SO  an  insertion — pay- 
able in  advance. 

For  Sale.  Wanted  and  all  undisplayed 
miscellaneous  ads — 3  cents  a  word — mini- 
mum, $1.50  an  insertion.  Proposals — $2.00 
an  inch. 

Advertisements  in  display  type  costs  as 
follows  for  single  insertions: 
1-16  page.  $  4.00  I  in.  single  col.. I  3.00 
I-  8  page,  8.00  4  in.  single  col.,  10.00 
I-  4  page,  16.00  8  in.  single  col..  20.00 
Contract  raffs  on  application 


FOR  SALE 


Steel  Building 

I  ft.  by  260  ft.  Crane  Run  Way.  22  ft.  high. 
IMMEDIATE  SHIPMENT  OR 


EDGAR  M.   MOORE  &  CO., 
Pittsburgh,  Penna. 


EMPLOYMENT 


Eastern  headquarters,  with  established  trade 
wishes  a  line  either  exclusively  or  in  conjunction 
with  other  goods,  for  the  south,  southwest  and  east. 


WANTED 


Engine  and  Generator 

High  speed  direct  connected  engine  and  A.C. 
generator,  2300  volt,  60  cycle.  3  phase.  400  or 
500  kw.  Also  belted  set  as  above.  Address 
Box  508.  Hazard.  Kentucky. 

Technical  educated  young  men  for  work  in  our 
Testing  Departments.  Good  opportunities  for 
experience  are  to  be  had.  Apply  by  letter.  Em- 
ployment, Box  on.  Pittsburgh.  Pa. 


ELECTRICAL  EQUIPMENT 

IN  STOCK  FOR  IMMEDIATE  DELIVERY 

STEAM  TURBINE 

One — 500  K.V'.A.,  220  volts.  2  phase,  60  cycle, 
Westinghouse  Alternator,  direct  connected  to 
a  Westinghouse  Parsons  Steam  turbine.  3600 
R.P.M. 

DIRECT  CONNECTED 
ALTERNATING-CURRENT  UNIT. 

One — 105  K.W.  Westinghouse,  220  volt,  3  phase,  60 
cycle,  alternating  current  Generator,  direct 
connected  to  is"xi6"  Buckeye  horizontal 
side  crank  piston  valve  automatic  engine,  257 
R.P.M.  This  generator  can  be  reconnected  to 
440  or  2200  volt. 

DIRECT-CONNECTED  DIRECT-CURRENT 

UNIT. 
One — 150  K.W.  250  volt,  direct  current  Crocker- 
Wheeler,  8  pole  Generator,  type  *'CCD,"  di- 
rect   connected     to     i4>-^"-24"xi6"     Wright 
horizontal    center    crank    tandem    compound 
automatic  engine,  200  R.P.M. 
Also  several  smaller  sizes   no  and  220  volt  in 
stock  for  immediate  shipment. 

ALTERNATING-CURRENT  MOTORS. 
One — 50  H.  P.  General  Electric,  2  phase.  60  cycle 

220  volt,  goo  R.P.M. 
One — -so    H.    P.    Westinghouse,    Type    "CCL,"    2 

phase.  60  cycle,  220  volt.  840  R.P.M. 
One — so  H.  P.  Al lis- Chalmers,  3  phase.  60  cycle, 

220  volt.  840  R.P.M. 
One — so  H.  P.  Burke  Electric.  3  phase,  60  cycle, 
220  volt,  000  R.P.M. 
Also  several  hundred  smaller  size  motors  one. 
two  and  three  phase.  60  and  25  cycle,  no.  220 
and  sso  volt. 

DIRECT-CURRENT  MOTORS. 
One— los    HP.   General    Electric.   Type   "CLA." 

655-740  R.P.M. 
One— 55    H.P     Allis-Chalmers.    Type    "H."    850 

R.P.M. 
One — 50H.P.  Westinghouse.  Type  "M."  compound 
wound,  900  R.P.M. 
Also  several  hundred  smaller  size  motors  no,  220 
and  500  volt. 

In  addition  to  the  above  we  also  carry  a  full  line 
of  belted  generators,  plating  dynamos,  direct  con- 
nected motors  and  disc  fans,  low  voltage  generators 
for  battery  charging,  etc. 

Let  us  send  you  one  of  our  complete  stock  lists  o 
steam  and  electrical  equipment.  f 

FRANK  TOOMEY,  Inc., 

127-31    North  Third  St.  PhiUdelphia.  Pa. 


ELECTRICAL  ENGINEERS  EQUIPMENT    COMPANY 

711-715  Meridian  Street.  Chicago 
Designers  and  Builders  of  POWER  PLANT  APPLIANCES 

DISTRICT  REPRESENTATIVES: 

LOS  ANGELES,  CAL.,  217  W.  4th  St 

R.  B   Clipp 

RICHMOND.  VA.,  301-302  Americin  Nat' 


AKRON.  0..  Flatiron  Bldg.V  W.  Shear  t  Co. 
BOSTON.  MASS.  S4StateSt..  JsmaC.  Bmt 
DENVER,  COLO..  Gu  4  Eloclne  Bldg.. 

More  Electric  Co. 
INDIANAPOLIS,  IND.,  318  Amer.  Cent 

Life  Bldg R  M.  Ci« 

PHILADELPHIA,  PA..  312  DeneklaBId*.. 

Lewij  4  Roth  Co. 


Bank  Bldg..  The  Hawkin»-HamUton  Co.Jnc 

Northern  Electric  Company 

Distributors  for  CsDada 


300  H.  P.  Allis-Chalmers  Single  Tandem  Gas  Engine  D.  C.  to  200  K.  W.  D.  C.  Generator. 
Switch-Board  and  Appurtenances  Complete.     On  Cars  now.     Low  Price  for  Immed- 
iate Sale.     Will  Direct-Connect  Engine  to  Compressor  if  Desired  without  Generator. 
200  H.  P.  Struthers  Wells  Gas  Engine  Belt  Drive,  Loaded  on  Cars  Now.     Immediate 

Delivery. 
250  H.  P.  B.  &  W.  Boilers  and  Stoker  Ready  to  load. 

Gas  and  Steam  Engines,  Generators,  Motors,  Pumps,  Air  Compressors, 
all  sizes. 


EDGAR  M.  MOORE  ^  CO. 


PITTSBURGH,  PA- 


I'U'iisc  tiienlion  The  Electric  Journal  when  zvriting  to  advertisers 
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TO  JOURNAL  SUBSCRIBERS 

Now  is  the  time  to  send  in  your 
copies  of  the  Journal  to  be  bound. 

You  now  have  the  twelve  monthly  issues  for  1915,  with  the  title 
page  and  topical  index.  Send  them  in  now  before  any  are  lost  or 
misplaced.  Take  advantage  of  this  suggestion  and  be  among  the  first. 
Orders  are  filled  as  received. 

On  receipt  of  your  copies,  we  will  bind  them  in  our  standard  red 
half-morocco,  with  gold  lettering  and  return  the  volume  to  you 
promptly.     The  price  remains  the  same  as  last  year. 

$1.50  per  Volume  Prepaid. 

THE  ELECTRIC  JOURNAL,  Pittsburgh,  Pa. 


NEW  BOOKS 
"Engineering  Economics" — J.  C.  L.  Fisli. 
209  pages.    Published  by  McGraw-Hill 
Book  Company,  New  York  City.   Price 
$2.00. 

A  great  many  engineering  problems  in 
the  industries  are  decided  without  proper 
and  complete  consideration  being  given 
tlie  factors,  both  of  first  cost  and  oper- 
ating expense.  Equipment  and  struc- 
tures are  often  selected  that  are  eco- 
nomically unwise.  Prof.  Fish  has 
lirought  together  in  his  treatise  several 
important  principles  that  should  be  con- 
sidered in  connection  with  all  engineer- 
ing work.  There  are  six  chapters  and 
useful  appendices.  The  introductory  chap- 
ter presents  the  underlying  reasons  for 
careful  economic  analysis.  Interest, 
being  the  fundamental  cause  for  an 
undertaking  by  capital,  is  discussed  fully 
in  the  next  chapter.  Chapter  III  dwells 
upon  the  occasion  and  necessity  for  sink- 
ing funds  so  that  the  capital  devoted  to 
the  undertaking  is  restored  at  the  end  of 
the  life  of  the  undertaking.  First  cost 
is  the  subject  covered  in  chapter  IV,  and 
a  careful  study  will  disclose  where  glai- 
ing  omissions  are  made.  There  is  cer- 
tain recoverable  value  when  an  under- 
taking involving  physical  property  is  dis- 
carded or  abandoned,  so  that  proper  at- 
tention must  be  given  to  the  salvage 
value  as  discussed  by  the  author  in  chap- 
ter v.  After  fixed  charges  are  deter- 
mined, running  expenses  must  be  consid- 
ered, so  that  the  elements  of  the  yearly 
cost  of  service  is  obtained  as  presented 
in  chapter  VI.  In  the  next  chapter  meth- 
ods of  estimating  and  probable  errors 
are  considered.  The  final  step  to  deter- 
mine the  most  profitable  investment  in 
the  long  run  is  outlined  in  chapters  VIII 


and  IX,  and  followed  bj'  examples  in 
chapter  X.  Those  charged  with  the  re- 
sponsibility of  recommending  or  passing 
upon  expenditures  of  monej*  may  review 
this  book  with  profit.  E.  D.  d. 


"Webster's    Secondary    School    Diction- 
ary"— Abridged  from  "Webster's  New 
International  Dictionary."     864  pages, 
6^.x8^2      inches;      1000     illustrations, 
70000  words  and  phrases.     Published 
by  the  American  Book  Company,  New 
York  City.    For  sale  by  The  Electric 
Journal.    Price  $1.50. 
An     exceptionally     c  o  m  p  r  e  h  ensive 
abridged  dictionary  at  a  popular  price — 
for  the  advanced  student,  for  the  office 
and  for  all  kinds  of  general  home  read- 
ing,  it  fills   every  requirement  that  can 
reasonably    be    expected.      It    does    not 
of  course,  include  words  of  an  advanced 
technical  nature.   It  does,  however,  cover 
in  a  clear  and  definite  manner  all  words, 
even  of  a  scientific  nature,  liable  to  be 
met    in    general    reading,    distinguishing 
between     those    which    are    archaic    or 
slangy  and  those  which  represent  good 
usage.      The    definitions    are    especially 
valuable  on  account  of  the  large  number 
of    synonyms,   the   specific  meanings   of 
which  are  differentiated,  and  because  of 
the   presentation,   in   most  cases,   of   the 
original  root  from  which  the  word  is  de- 
rived.    At  the   same  time   definition   by 
synonyms     alone     has     been     carefully 
avoided.     The   introduction   includes   an 
e-xcellent    guide    to    pronunciation     and 
spelling ;     and     dictionaries     of     proper 
names,  of  foreign  words  and  phrases  of 
frequent  occurrence  and  of  common  ab- 
breviations  are   appended.     W^e   unhesi- 
tatingly   recommend    this    dictionary    to 
any  one   who  in  the  course  of   general 


reading  or  writing  has  occasion  to  de- 
termine the  exact  meaning  of  a  word,  or 
its  spelling,  yet  who  does  not  care  to  pay 
the  price  for,  nor  give  up  room  on  his 
shelves  to  an  unabridged  dictionary. 
Not  the  least  of  its  merits  are  the  ex- 
cellent typography,  good  paper  and  high- 
grade  binding  so  rare  in  an  inexpensive 
dictionary.  c.  R.  R. 


"Principles  of  Depreciation" — Earl  .\. 
Saliers.  6x9  inches,  188  pages.  Pub- 
lished by  the  Ronald  Press  Company. 
For  sale  by  The  Electric  Journ.\l. 
Price  $2.00. 

The  subject  of  depreciation  deserves 
more  consideration  than  ordinarily  ac- 
corded to  it.  Depreciation  of  the  phys- 
ical property  is  often  taken  care  of  in  a 
superficial  way  and  sometimes  neglected 
altogether.  Since  the  financial  condi- 
tions of  utility  companies  are  being  sub- 
mitted to  more  critical  inspection,  depre- 
ciation should  be  treated  in  an  adequate 
manner  in  order  that  the  true  status  of 
the  property  may  be  known.  Govern- 
ment regulation,  both  federal  and  state, 
makes  provision  for  depreciation  obliga- 
tory. The  author  shows  Iiow  sorne  of 
the  courts  and  commissions  have  viewed 
depreciation.  Chapters  are  given  over 
to  the  consideration  of  the  different 
methods  of  providing  for  depreciation 
and  how  the  books  of  a  company  should 
be  arranged  to  maintain  the  proper  de- 
preciation accounts.  Problems  and  typ- 
ical examples  are  worked  out  in  detail; 
also  many  points  involved  are  exempli- 
fied by  diagrams.  Engineers  and  ac- 
countants are  being  brought  closer  to- 
gether in  the  scientific  management  of 
our  utilities,  and  both  can  study  this 
book  to  advantage.  E.  d.  d. 
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WHY  THE  G.  V.  ELECTRIC   IS  THE 
LOGICAL  CENTRAL  STATION  TRUCK 

Proven  Efficiency:  Built  by  old  line  manufacturer — 15  years  ex- 
perience.    Nearly  1000  used  by  Central  Stations  alone. 

A  Complete  Line:  Six  capacities,  1000  to  10,000  lbs.  In  addition 
to  road  trucks  we  build  tower  wagons,  emergency  wagons,  winch  equipped 
cable  and  pole  trucks,  electric  tractors  and  other  specialties  for  public 
utility  work. 

Wide  Distribution :  Used  in  44  states  and  9  foreign  countries.  Our 
experience  in  128  trades  and  in  practically  all  Central  Station  districts  en- 
ables us  to  intelligently  co-operate  in  adapting  G.  V.  Electrics  tD  your  work. 


Two-ton  G.  V.  Construction  Truck  towing  pole.     Speed   -10  miles     mileage  45-50. 

Mileage :  Even  if  you  have  sandy  roads  or  steep  grades  we  can  give  you 
motor  and  battery  which  will  overcome  these  without  greatly  reducing  mile- 
age. We  have  conquered  Pittsburgh,  Cincinnati,  Baltimore,  San  Fran- 
cisco, etc. 

Economy :  Twice  the  speed  and  three  times  the  life  of  a  heavy  truck- 
ing horse.  Teamster  drivers  save  high  wages  of  chauffeur-mechanic.  Tires 
last  25'^(  longer.  Minimum  insurance  rates.  Minimum  repair  bills. 
Maximum  days  on  road  each  year. 

Wears  Best:  The  G.  V.  is  the  oldest  and  best  Electric  built.  Bring  your 
motor  equipment  problems  to  headquarters.  How  about  a  G.  V.  Agency 
for  your  town?  Handsomely  illustrated  catalogue  No.  120  awaits  your 
address. 

GENERAL    VEHICLE    COMPANY,    Inc. 

General  Office  and  Factory,    Long  Island  City,    New  York 
NEW  YORK  CHICAGO  BOSTON  PHILADELPHIA 
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,    J      ^  .    ,        r^lcctric  drive  for  industrial  plants  has 
Industrial  ,  ,  , 

so    many    unquestionable    advantages 
Motor  ^^_.j_j^    regard    to    economy    of    space, 

Problems  attendance,  maintenance,  etc.,  that 
hardly  any  but  electric  motors  are  now  being  installed 
where  electric  power  is  available.  At  the  present  time, 
the  number  of  induction  motors  employed  exceeds  by 
far  that  of  any  other  type,  even  when  compared  with  the 
older  direct-current  shunt  motors,  because  alternating- 
current  power  has  been  employed  almost  exclusively  in 
the  more  recent  installations  on  account  of  the  greater 
ease  with  which  alternating  voltages  can  be  transformed 
to  suit  the  transmission  or  application  of  power. 

But  even  without  considering  the  advantages  of  the 
alternating-current  system,  it  is  usually  advantageous 
to  employ  alternating-current  power  for  the  mere  pur- 
pose of  securing  the  inherent  advantages  of  the  induc- 
tion motor,  especially  of  the  squirrel-cage  type.  The 
jjrincipal  of  these  advantages  is  that  no  brushes  or  com- 
nnitator,  in  fact,  no  sliding  contacts  of  any  kind  are 
required,  so  that  the  bearings  of  the  motor  are  practi- 
cally the  only  part  requiring  any  inspection  and  main- 
tenance. In  spite  of  this  popularity  of  the  induction 
motor,  its  working  principles  are  not  as  well  understood 
by  operating  men  as  those  of  the  direct-current  motor. 

The  article  by  Mr.  A.  M.  Dudley  on  "Reconnecting 
Induction  Motors,"  appearing  in  this  issue  of  the  Jour- 
nal, which  deals  in  detail  with  some  of  the  problems 
encountered  by  operating  and  consulting  engineers, 
should,  therefore,  be  welcomed.  In  fact,  the  article  is 
so  full  of  practical  information  that  those  who  are 
not  familiar  with  the  theory  of  the  induction  motor  will 
probably  find  it  impossible  to  absorb  all  the  information 
given  at  one  time.  Many,  however,  will  find  the  article 
exceedingly  valuable  as  a  permanent  reference  for  use 
when  considering  changes  in  the  power  supi)ly  condi- 
tions for  induction  motors.  Material  of  this  nature, 
based  on  many  years  of  experience,  also  gives  to  the 
young  engineer  a  valuable  insight  into  practical  oper- 
ating problems.  While  it  is  true  that  to  completely 
predetermine  the  performance  of  an  induction  motor 
under  changed  operating  conditions  requires  a  consid- 
erable degree  of  engineering  knowledge,  it  is  believed 
that  by  a  careful  application  of  the  principles  laid  down 
by  Mr.  Dudley  the  average  repairman  can  reconnect  a 
motor  so  that  its  performance  either  will  not  be  ma- 
terially modified,  or  will  be  changed  only  to  an  extent 
which  may  be  predetermined  with  reasonable  accuracy, 
which  is  all  that  is  ordinarily  required. 

R.  E.  Hellmund 


The  *^^^"^  "-"^  ''^^  unfortunate  results  of  the 

rj     f.  -n      . .         conditions  under  which  the  growth  of 

our  large  cities  has  taken  place  is  the 
or  Railroad  ,.  ,  •  ,  i-     n 

congestion  which  occurs  in  practically 

Terminals  .^u  ^.j^gg^  j.,g^j-  jj-,g  heart  of  the  busi- 
ness district.  The  traffic  problem,  where  widening  of 
the  streets  is  impossible,  has  been  met  by  separating  the 
faster  from  the  slower  traffic  and  superimposing  one 
group  over  another  by  means  of  subways  and  elevated 
structures. 

The  congestion  of  railroads  has  not  as  yet  reached 
the  same  degree  as  that  of  the  city  streets,  but  in  some 
cases,  notably  at  certain  tunnels  and  terminals,  has  re- 
quired careful  consideration.  Where  the  widening  of 
the  right  of  way  has  been  impracticable,  the  problem  has 
been  met  by  speeding  up  the  traffic  by  electrification  of 
the  congested  section.  In  this  respect  the  much  larger 
amounts  of  power  which  can  be  concentrated  in  one 
train,  and  the  superior  accelerating  ability  of  the  electric 
car  or  locomotive  as  compared  with  the  steam  locomo- 
tive, have  been  prime  factors  in  getting  more  cars  over 
a  given  section  of  track  in  a  unit  of  time.  The  reduc- 
tion of  train  movements  by  the  entire  elimination  of 
locomotives  in  suburban  service  has  been  a  big  addi- 
tional factor  in  the  reduction  of  congestion. 

A  notable  example  of  the  use  of  electricity  for  re- 
ducing the  congestion  of  traffic  over  a  portion  of  track, 
where  the  expense  of  any  other  method  would  have  been 
almost  prohibitive,  is  afiforded  by  the  Philadelphia-Paoli 
electrification  of  the  Pennsylvania  Railroad,  described 
by  Mr.  George  Gibbs  in  this  issue  of  the  Journal.  It  is 
expected  that  this  partial  electrification  will  afford  relief 
from  congestion  for  six  years,  and  that  still  further 
relief  may  be  secured  by  the  electrification  of  other 
sulnirban  lines  using  the  same  station. 

Mr.  Gibbs'  article  is  of  especial  interest,  not  only  on 
account  of  his  complete  description  of  this  great  elec- 
trification and  the  results  achieved  thereby,  but  also  by 
reason  of  the  description  which  he  gives  of  the  methods 
of  carrying  out  the  actual  construction  work.  The  ra- 
pidity of  the  installation  of  the  overhead  construction, 
indicated  by  the  figures  given  by  Mr.  Gibbs,  may  be  con- 
sidered as  due  in  part  to  the  very  thorough  design  of  all 
parts  of  the  work  on  the  drafting  board,  and  also  to  the 
assembling  of  as  much  of  the  catenary  construction  as 
possible  away  from  the  tracks,  so  that  the  minimum 
p mount  of  time  was  used  in  actual  work  over  the  tracks 
— a  very  necessary  consideration  on  a  system  as  busy 
as  that  of  the  Pennsylvania  near  Philadelphia. 

ClIAS.  R.  RiKER 


The  Philadelphia-Paoli  Electrification 

OF  THE  I'EXXSYLVANIA  RAILROAD  COMRANY* 

George  Gibbs 
Consulting  Engineer 

THIS  article  was  prepared  to  outline  to  engineers  who  have  not  specialized  on  railroad  electrification 
those  features  of  the  Philadelphia-Paoli  electrification  which  are  of  general  interest ;  and  for  this  reason  it 
deals  primarily  with  the  physical  conditions  surrounding  the  installation,  its  general  purpose  and  the  kinds 
and  character  of  traffic,  and  is  not  intended  to  be  a  comprehensive  technical  description  of  the  entire 
electrification  nor  of  its  features  in  detail.  The  December,  1915,  issue  of  the  Jol-rxai.  contained  an 
engineering  description  of  other   features  of  this  electrification. —  (Ed.) 


THE  decision  of  the  Pennsylvania  Railroad  Com- 
pany to  electrify  its  Philadelphia  suburban  lines 
was  intimately  connected  with  traffic  conditions  at 
Broad  Street  Station.  This  station,  when  completed  in 
December,  1881,  contained  eight  tracks  and  handled  160 
trains  each  day,  with  18  trains  in  the  rush  hour.  By  the 
year  1889  the  movement  had  grown  to  421  trains  daily, 
with  38  during  the  rush  hour,  and  congestion  already  de- 
manded an  enlargement.  This  was  effected  in  the  fol- 
lowing year  by  additions  to  the  yard  and  by  adding  four 
station  tracks.  In  1894  four  more  tracks  were  provided, 
making  a  total  of  16  station  tracks  and,  although  in  that 
year  the  street  railways  were  electrified  and  suburban 
trolley  service  inaugurated,  thus  reducing  the  pressure 
of  short-distance  suburban  travel,  the  total  train  service 
continued  to  increase  until  574  trains  were  handled 
daily  in  1910,  with  53  in  the  rush  hour.  Notwithstanding 
the  completion  of  the  IMantua  tuimel  for  western  trains 
and  the  routing  of  certain  through  trains  via  West  Phila- 
delphia, it  was  found  that  the  station,  and  especially  its 
approach  tracks,  were  in  1910  forced  beyond  their 
capacity,  thus  causing  frequent  delays  in  bad  weather. 

The  conditions  of  recurring  congestion  were  in  191 1 
made  the  subject  of  an  elaborate  study.  It  will  be 
realized  that  a  comprehensive  physical  enlargement  of  a 
railroad  terminal  in  the  heart  of  a  great  city  is  a  matter 
of  extreme  difficulty,  aside  from  the  question  of  ex- 
pense, and  involving,  as  it  does,  the  acquisition  of 
adjoining  property  and  the  regrading  or  closing  of 
streets,  it  cannot  be  accomplished  without  great  diffi- 
culty. Aside  from  physical  enlargement  which  might 
be  adopted  as  a  final  solution  of  the  problem,  considera- 
tion was  given  to  the  possible  means  for  a  more  immedi- 
ate relief,  in  order  not  to  delay  unduly  the  advantage  to 
the  public  of  adequate  and  punctual  service. 

It  was  found  that  electrification  of  certain  services 
had  sufficient  merit  to  warrant  its  adoption,  and  the 
work  was  accordingly  undertaken,  starting  with  the  ser- 
vice which  promised  to  produce  the  greatest  relief.  This 
is  the  suburban  service  to  Paoli,  to  be  followed  by  the 
Chestnut  Hill  service  and  perhaps  others  later,  as  re- 
sults may  warrant. 

Broad  Street  Station  is  of  the  stub-end  type,  and  re- 
quires for  each  through  train  entering  a  minimum  of 
four  movements  of  train  and  motive  power ;  when  the 

*Revised  by  the  author  from  a  paper  read  before  a  joint 
meeting  of  the  Philadelphia  Branch  of  the  American  Society  of 
Civil  Engineers  and  the  Engineers'  Club  of  Philadelphia.  Jan. 
3,  1916. 


train  is  split  up  the  number  of  required  movements 
often  reach  fifteen,  and  the  average  per  train  is  eight 
through  the  interlocking  at  the  yard  throat.  This  point 
is  the  crucial  one  in  the  operation  of  the  terminal,  as  it 
controls  the  junction  between  the  sixteen  station  tracks 
and  the  eight  elevated  approach  tracks.  Congestion  at 
this  throat  is  due  to  the  regular  scheduled  train  move- 
ments in  and  out  of  the  station,  the  shifting  of  cars  and 
light  drafts,  and  the  movement  of  empty  power.  By 
electrification  a  number  of  movements  are  eliminated  if 
self-propelled  motor  cars  are  substituted  for  cars  hauled 
by  locomotives.  For  instance,  in  such  cases  it  is  not  nec- 
essary to  provide  for  light  engine  movements  to  couple 
to  the  outbound  train,  or  for  the  road  engine  which  has 
brought  a  train  into  the  station  to  follow  it  out  on  the 
return  movement.  Furthermore,  there  is  some  gain  due 
to  the  quicker  acceleration  of  the  electric  trains  and  by 
the  shorter  length  of  track  occupied  when  the  locomotive 
is  omitted. 

It  is  obvious  that  a  reduction  in  movements  can 
occur  only  in  a  motor  car  suburban  service ;  in  through 
service  the  substitution  of  an  electric  for  a  steam  loco- 
motive will  result  in  no  reduction  of  train  movements. 
Therefore,  for  the  purpose  in  mind,  electrification  of  the 
suburban  service  only  was  considered. 

There  are  five  suburban  routes  out  of  the  station, 
requiring  250  trains  per  day  out  of  a  total  of  574.  In 
the  busy  hour  more  than  one-half  of  the  total  number  of 
trains  arriving  and  departing  are  suburban.  The  heavi- 
est services  are  the  Paoli  and  Chestnut  Hill :  and  the 
estimated  relief  obtained  by  electrification  of  these  two 
services  is  about  20  percent  in  the  morning  and  24  per- 
cent in  the  evening  rush  hours.  In  the  station  proper 
the  relief  is  equivalent  to  the  addition  of  one  and  one- 
half  tracks,  a  factor  which  is,  however,  not  vitally  im- 
portant, because  congestion  in  the  station  is  not  as  great 
as  at  the  throat.  This  relief,  it  is  estimated,  based  on 
the  expected  increase  in  travel,  will  suffice  for  a  period 
of  about  six  years.  Electrification  of  the  other  suburban 
lines  will  extend  this  period  materially  and  will  enable 
plans  for  physical  enlargement  to  be  perfected  and  car- 
ried out. 

Electrification  will,  it  is  expected,  have  other  ad- 
vantageous results,  such  as  stimulating  and  increasing 
traffic  and  earnings  because  of  the  added  attractiveness 
of  the  service;  also  in  securing  greater  punctuality  in 
this  very  difficult  schedule,  due  to  the  possibility  of  ap- 
plving  ample  power  at  the  train. 
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Figures  indicate  some  savings  in  operating  costs  from 
this  electrification.  These  savings  will,  it  is  hoped, 
nearly  carry  the  new  charges.  Thus,  while  the  project 
does  not  appear  to  be  an  immediately  profitable  one 
from  the  standpoint  of  direct  return,  the  increase  in 
travel  may  make  it  so  in  the  future,  especially  when  all 
suburban  lines  are  electrified.  The  work  was  umler- 
taken  mainly  as  an  emergency  measure,  to  relieve  as 
soon  as  possible  the  imcomfortable  conditions  for  the 
public  at  this  great  terminal.  One  favorable  factor  for 
the  electrification  should,  however,  not  be  lost  sight  of ; 
[ihysical  enlargement  of  a  station  involves  costs  which 
produce  no  direct  return,  whereas  electrification  pro- 
duces some  operating  savings  wliich  will,  in  ])art  at  least, 
carry  the  expenditure. 

DESCRIPTION  OF  THE  LINE 

The  present  installation  is  from  Broad  Street  Sta- 
tion to  Paoli  on  the  Philadelphia  Division,  20.3  route 
miles.  It  in- 
eludes  the 
equipment  of 
Broad  Street 
Station  tracks 
and  the  main 
yard  tracks 
leading  there- 
f  r  o  m  :  also 
the  car  stor- 
age yard  at 
West  Phila- 
deljihia,  t  h  e 
four  main 
line  passenger 
tracks  to 
Paoli,  and  the 
storage  yard 
at  this  latter 
point  w  h  ere 
the  car  house 
and  inspec- 
tion building  are  located.  The  total  miles  of  track 
equipped  are  93.6,  of  which  the  yards  and  sidings  com- 
prise 16.6. 

The  line  is  ascending  for  practically  the  entire  dis- 
tance from  Philadelphia  to  Paoli.  The  maximmn 
gradient  is  1.5  percent,  averaging  0.7  percent  for  the 
'irst  ten  miles  and  0.24  percent  for  the  remainder  of  the 
(1.  "*^ance.  The  line  includes  a  large  number  of  curves, 
about  fifty  percent  of  the  entire  line  being  on  curves. 
The  degree  of  curvature  varies,  with  four  degrees  as  a 
maximum. 

Service  —  The  electrified  train  service  is  wholly 
suburban ;  neither  through  passenger  nor  freight  ser- 
vices are  electric.  To  provide  for  these  latter  services 
would  require  electric  locomotives  and  the  establishment 
of  outlying  yards  for  the  interchange  of  power  and  ex- 
tensive engine  terminals  at  these  points.  It  would  also 
introduce  complicated  problems  in  the  way  of  re- 
arrangement of  engine  runs,  special   freight   switching 
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and  the  incideiU  delay  to  passenger  services  by  the  addi- 
tional power  interchange.  It  would  not  assist  in  the  solu- 
tion of  the  problem  of  congestion  at  Broad  Street  Station 
anil  was,  therefore,  not  considered  at  the  present  time. 

The  electrified  suburban  service  includes  all  of  the 
I'hiladelphia-Paoli  locals  and  expresses,  consisting  of  78 
trains  a  day  operated  regularly  on  a  half-hourly  interval, 
with  additional  trains  in  the  morning  and  evening  rush 
hours.  The  half-hourly  trains  make  all  stops,  while  the 
e.'itra  rush-hour  trains,  five  each  way  per  day,  omit 
sto|)s  between  Mfty-second  street  and  Ardmore  both 
ways.  There  are  nineteen  intermediate  stations  on  the 
line,  making  the  average  distance  between  stations  about 
one  mile.  'I  he  running  time  under  steam  conditions  was 
50  minutes  for  eastbound  local  trains  and  57  minutes  for 
westbound  local  trains.  Under  electric  operation  it  was 
desired  to  shorten  this  time  as  much  as  practicable,  and 
the  equipment  was  laid  out  to  operate  at  47  minutes 
eastbound  and  50  minutes  westljound.     At  present,  as 

initial  opera- 
tion, the  runs 
are  made  in 
49  a  n  d  32 
minutes,  r  e  - 
s  ])  e  c  t  i  vely. 
This  is  equiv- 
alent t  o  ai 
average 
speed,  i  n  - 
eluding  stops, 
of  practically 
2^  miles  per 
h  0  n  r.  This 
speed  may 
not  a  t  first 
sight  be  con- 
sidered high, 
1)ut  it  is  an 
cellent  p  e  r  - 
f  o  r  m  a  n  ce, 
and  under 
steam  conditions  could  be  made  onl}-  with  very  jjowerful 
locomotives,  and  even  then  with  no  margin  to  spare. 
The  maximum  pow-er  taken  during  acceleration  by  an 
eight-car  train  during  the  electric  run  is  about  6800 
horse-power  per  train,  or  850  horse-power  per  car.  .\n 
examination  of  a  large  number  of  subm-ban  schedules 
both  in  this  country  and  abroad  indicates  that  this  ser- 
vice is  one  of  the  most  exacting  found  anywhere. 

In  operating  the  present  electric  schedule  the  power 
supply  at  Arsenal  Bridge  for  short  time  peaks  is  about 
20  000  kilowatts,  and  the  average  hourly  demand  during 
the  rush  hour  is  about  6000  kilowatts.  The  average  per 
dav  is  only  about  2000  kilowatts.  The  power  demand 
for  this  class  of  service  is  thus  not  only  considerable, 
but  is  verv  fluctuating  in  character. 

TR.VIN    EQUIPMENT 

To  operate  the  required  schedule  with  sufficient  re- 
serve, 93  cars  have  been  provided.    These  are  the  stand- 
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ard  passenger  car  of  the  54  ft.  body  class  (MP-54).  It 
was  found  that  in  order  to  meet  the  schedule  speeds 
two  of  the  most  powerful  electric  motors,  which  could 
be  put  in  the  available  space  underneath  one  truck  of 
the  car  without  raising  the  car  floor  or  weakening  the 
underframe,  were  required.  Therefore,  in  order  to 
make  the  schedule  independent  of  the  number  of  cars 
in  the  train,  all  cars  were  equipped  with  motors. 

A  number  of  years  ago  when  the  design  of  steel  cars 
was  first  taken  up  by  the  road,  the  dimensions  and  con- 
struction were  considered  with  the  view  of  their  pos- 
sible conversion  for  electric  service.  In  this  way  prac- 
tically no  changes  were  required  in  adapting  the  cars 
which  had  been  used  in  steam  service  for  the  electric 
service,  except  the  addition  of  platform-end  doors  to 
form  a  motorman's  compartment  and  the  substitution  of 
a  motor  for  a  trailer  truck.  The  equipment  was  modi- 
fied for  the  required  change  in  lighting  and  heating 
methods,  and  the  brake  rigging  was  changed  to  the  latest 
form  of  electro-pneumatic  brake  with  clasp  brakes  on 
the  truck  wheels.  As  the  underframing  had  been  laid 
out  for  the  convenient  installation  of  electric  apparatus 
under  the  car,  no  changes  in  this  essential  ])art  of  the 
car  body  were  necessary. 

Electrical  Equipment — The  equipment  of  each  car 
consists  of  two  225  horse-power  forced  ventilated 
motors  mounted  on  one  truck.  These  motors  were  spe- 
cially designed  for  this  service  by  the  Westinghouse 
Company,  and  are  known  as  the  series  repulsion  type 
of  alternating-current  motor.  They  start  as  repulsion 
and  operate  as  series  motors  after  a  speed  of  twelve  to 
fifteen  miles  an  hour  is  reached.  The  motors  are  geared 
to  the  axles  in  the  usual  manner  except  that  the  gears 
are  flexible:  that  is,  the  torque  of  the  motor  is  trans- 
mitted from  the  teeth  of  the  gear  to  the  axle  through 
cushioning  springs.  This  device  smooths  out  and  re- 
duces the  vibrations  due  to  frequency  alternations,  and 
also  materially  reduces  shock  on  the  gears  and  pinions. 
The  control  equipment  is  of  the  Westinghouse  electro- 
pneumatic  type  arranged  for  automatic  acceleration  of 
the  motors.  All  minor  appliances  have  been  used  ac- 
cording to  the  best  modern  practice  in  this  equipment. 

ELECTRIC    SYSTEM 

In  order  to  determine  the  proper  electric  system  for 
the  Philadelphia  installation  a  careful  analysis  was  made 
of  all  those  available,  not  only  for  the  present  work  and 
its  probable  extensions  in  and  around  Philadelphia,  but 
for  the  possible  future  application  of  electric  traction  to 
long  distances  on  the  main  lines  of  the  road.  Because 
of  the  fact  that  the  company  had  an  important  and 
successful  third-rail,  direct-current  electric  installation 
at  its  New  York  terminal,  it  was  naturally  predisposed 
to  adopt  the  same  system  in  Philadelphia,  provided  it 
was  found  suitable  for  long-distance  extensions  in  the 
future  for  all  kinds  of  traffic.  It  miist  be  remembered 
that  the  character  of  the  New  York  installation  was 
fixed  by  the  local  conditions  in  an  underground  terminal 
and  by  the  state  of  the  art  at  the  time  it  was  decided 


upon,  nearly  ten  years  ago.  Therefore,  the  presence  of 
this  system,  while  it  should,  of  course,  be  considered, 
ought  not  to  operate  to  handicap  future  extensions  there 
and  elsewhere,  especially  if  a  new  and  better  system 
had  been  since  developed  and  could  be  made  to  operate 
harmoniously  with  the  existing  system. 

It  was  concluded  that  an  overhead  contact  wire  con- 
veying high-tension  alternating  current  was  the  most 
suitable  system  for  long  distance  traction  with  heavy 
and  relatively  infrequent  train  units.  This  type  of 
"working  conductor"  was  also  regarded  as  presenting 
the  fewest  objectionable  features  for  the  equipment  of 
large  and  complicated  yards.  The  system  as  a  whole  is 
known  as  the  "single-phase ;"  it  has  been  made  familiar 
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by  the  important  pioneer  example  on  the  New  York, 
New  Haven  &  Hartford  Railroad  between  New  York 
and  New  Haven.  In  this  installation  the  locomotives  of 
the  New  Haven  Company  must  operate  also  in  the 
direct-current,  third-rail  zone  of  the  New  York  Central 
Railroad.  This  is  accomplished  by  equipping  them  with 
two  kinds  of  contact  and  control  devices,  but  the  motors 
operate  on  either  system  without  change.  This  peculiar 
feature  of  an  alternatfng-current  motor  provides  for 
interchangeability  of  an  alternating-current  locomotive 
or  car  on  either  system  of  current  supply,  but  where 
direct-current  locomotives  are  employed  the  case  is  not 
so  simple.  The  locomotives  cannot  be  run  on  an  alter- 
nating-current   line    by    merely    equipping    them    with 
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double  contact  and  control ;  they  must  be  also  provided 
with  some  means  which  will  change  the  alternating  cur- 
rent into  direct  current.  An  extremely  simple  and 
efficient  appliance  for  the  purpose,  the  mercury  rectifier, 
has,  fortunately,  been  lately  developed,  and  it  is  now 
possible  to  operate  direct  or  alternating-current  motors 
interchangeably  on  either  an  alternating  or  a  direct- 
current  line.  The  development,  therefore,  of  a  rectify- 
ing means  for  the  conversion  of  alternating  into  direct 
current  was  the  last  step  needed  to  unify  the  operation 
of  the  two  prominent  existing  electric  systems,  and 
enabled  the  company  to  adopt  the  most  modern  system 
in  Philadelphia  with  the  assurance  that  if  in  the  future 
Philadelphia  and  New  York  are  electrically  connected 
the  two  systems  will  work  together  to  make  a  complete 
operating  division. 

Characteristics  of  the  Single-Phase  System  for  the 
Philadelphia  Electrification — The  single-phase  system, 
in  its  essentials,  comprises : — a  power  supply  of  high- 
tension,  single-phase  alternating  current ;  its  transmis- 
■  sion  along  the  railway  over  a  two-wire  circuit  to  sub- 
stations, where  it  is  passed  through  a  transformer  to 
produce  the  desired  trolley  voltage  (generally  lower 
than  the  transmitting  voltage)  ;  a  trolley  wire  over  the 
track ;  and  a  track  return  circuit  to  the  sub-stations. 
Current  for  the  car  or  locomotive  is  taken  from  the 
trolley  wire  by  a  sliding  device,  and  by  means  of  trans- 
formers is  changed  to  low  potential  for  use  in  the 
motors.  These  essential  elements  are  incorporated  in 
the  following  manner  in  the  Philadelphia-Paoli  electri- 
fication : — 

Power  House — A  separate  power  house  was  not 
built  for  the  Philadelphia  installation.  Single-phase,  25 
cycle,  alternating-current  power  is  purchased  at  13200 
volts  from  the  Philadelphia  Electric  Company  and  de- 
livered through  submarine  cables  from  their  Christian 
Street  station  to  the  Arsenal  Bridge  sub-station  erected 
by  the  railroad  company  across  the  Schuylkill  river. 
At  this  point  it  is  metered  and  passed  through  trans- 
formers which  step  up  the  voltage  to  44  000  for  trans- 
mission along  the  electrified  tracks. 

The  Philadelphia  Electric  Company  conducts  an  ex- 
tensive commercial  business  in  both  lighting  and  power, 
and  for  these  purposes  generates  both  60  and  25  cycle, 
three-phase  current.  In  order  to  furnish  properly  regu- 
lated 25  cycle,  single-phase  current,  under  the  conditions 
of  widely  fluctuating  load  required  for  the  Paoli  line, 
from  their  three-phase  generators,  the  electric  company 
found  it  advisable  and  economical  to  provide  special 
phase  balancing  apparatus  in  their  power  house,  and  syn- 
chronous condensers  on  the  railroad  company's  line. 
This  gives  them  balanced  power  of  approximately  unity 
power-factor  at  the  switchboard  and  improves  their  gen- 
erating conditions  for  a  varied  commercial  business. 

Transmission  Line — Four  44  000  volt  transmission 
lines  of  two  wires  each  leave  the  Arsenal  Bridge  sub- 
station and  are  carried  north  along  the  elevated  freight 
line  to  a  main  distributing  sub-station  located  near  the 
track  at  West  Philadel])hia.     From  this  point  two  cir- 


cuits continue  on  tlie  catenary  supporting  structures,  one 
circuit  on  each  side  of  the  tracks,  to  Paoli ;  the  remain- 
ing two  high-tension  lines  will  serve  the  Chestnut  Hill 
Branch  electrification,  now  under  construction.  The 
transmission  lines  are  of  No.  00,  seven-wire,  hard- 
drawn  copper;  they  are  spaced  five  feet  apart  horizon- 
tally and,  where  there  is  more  than  one  circuit  on  a  pole, 
the  vertical  spacing  is  three  feet  six  inches.  In  order  to 
keep  the  voltage  to  ground  as  low  as  possible,  the  middle 
points  of  the  44  000  volt  windings  in  the  step-up  trans- 
formers in  the  Arsenal  Bridge  sub-station  are  connected 
to  ground ;  this  reduces  the  potential  to  22  000  volts  be- 
tween any  transmission  wire  and  ground. 

Sub-stations — Three  working  sub-stations  are  pro- 
vided for  the  system.  The  Arsenal  Bridge  sub-station 
is  used  for  stepping  up  only  at  present,  but  it  may  be 
used  also  for  a  working  sub-station  if  electrification  is 
later  extended  south  on  the  Wilmington  division.  At 
West  Philadelphia  is  the  main  working  sub-station,  and 
controls  the  distribution  of  power  throughout  the  sys- 
tem. In  it  is  stationed  the  power  director,  who  is  the 
only  regular  sub-station  attendant  provided  on  the  line. 
The  second  sub-station  is  at  Bryn  Mawr,  10.2  miles 
from  Arsenal  Bridge ;  and  the  third  is  at  Paoli,  20.1 
miles, from  Arsenal  Bridge.  All  sub-stations  adjoin  the 
tracks,  so  that  the  transmission  wires  and  outgoing  trol- 
ley feeders  may  be  conveniently  reached. 

The  buildings  are  of  brick  and  fireproof  throughout. 
They  contain  static  transformers  on  the  ground  floor, 
bus-bars  and  switching  equipment  on  the  second  floor 
and  lighting  arresters  on  the  roofs.  The  transformers 
are  installed  in  duplicate  and  are  of  the  oil-insulated, 
water-cooled  type.  At  Arsenal  Bridge  there  are  three 
5000  k.v.a.  step-up  transformers  to  supply  power  to  the 
transmission  lines ;  the  three  working  sub-stations  have 
each  two  2000  k.v.a.  transformers  for  the  trolley  feed. 

The  high-tension  current  in  the  sub-stations  is 
switched  by  means  of  circuit  breakers,  which  are  auto- 
matically operated  and  also  electrically  controlled  from 
the  nearest  signal  tower,  as  well  as  from  the  sub-station 
switchboard.  Indicating  lamps  and  alarms  are  pro- 
vided, so  that  the  tower  operator  is  aware  at  all  times  of 
the  conditions  in  the  sub-stations. 

Catenary  System — The  catenary  structures  which 
support  the  trolley  wires  over  the  tracks  contain  perhaps 
the  most  novel  features  in  the  present  electrification.  It 
may,  therefore,  be  interesting  to  trace  briefly  the  devel- 
opment of  this  essential  part  of  the  electric  system. 

The  first  use  of  a  trolley  was  for  electric  street  cars. 
It  consisted  of  a  copper  wire  erected  longitudinally  over 
the  center  line  of  the  track  and  held  by  clips  from  in- 
sulators which,  in  turn,  were  attached  to  cross  wires 
carried  by  wooden  poles  at  the  sides  of  the  track.  The 
trolley  wire  was  lightly  stressed  and  hung  more  or  less 
in  festoons,  being  quite  loose  in  hot  weather  and  more 
level  in  cold.  It  served  its  purpose  well  enough  as  con- 
tact for  a  deeply  flanged  trolley  wheel  running  under  it 
at  low  speeds.  When  the  arrangement  was  adopted  for 
heavy  and  high-speed   service  on  steam  railroads,  im- 
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provements  and  further  safeguards  in  the  type  of  con- 
struction were  essential.  It  became  necessary,  in  order 
to  insure  continuous  electrical  contact,  to  maintain  the 
wire  in  a  practically  perfect  plane  parallel  to  the  track ; 
it  was  inadmissible  to  have  sudden  variations  in  tension 
or  height,  as  these  would  cause  the  collector  to  jump 
from  the  wire  or  to  so  vary  in  pressure  as  to  give  im- 
perfect contact  at  speed.  It  was  also  necessary  to  sub- 
stitute a  pan  or  bow  type  of  collector  for  the  trolley 
wheel,  to  prevent  the  possibility  of  the  collector  leaving 
the  wire  and  thus  causing  a  wreck  either  of  the  device 
or  the  wire  and  supports.  The  first  important  improve- 
ment in  construction  was  to  provide  an  auxiliary  longi- 
tudinal support  for  the  contact  wire.  This  took  the  form 
of  a  cable,  which  was  erected  with  a  considerable 
amount  of  sag  between  supporting  bridges.  It  assumed 
approximately  a  true  catenary  curve  when  loaded  at 
equidistant  points  by  the  trolley  wire  held  in  a  plane 
below  it  by  hangers  of  varying  lengths ;  thus  the  ar- 
rangement has  come  to  be  known  as  a  "catenary  sys- 
tem." \\'hile  this  provided  a  greatly  improved  contact 
surface,  it  introduced  a  hard  spot,  due  to  the  inflexi- 
bility of  the  hangers  at  each  point  of  support.  At  low 
ruiniing  speeds  this  defect  was  not  important,  but  at 
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high  speeds  it  was  aj)t  to  cause  the  pantagraph  to  lose 
contact  momentarily  and  to  produce  injurious  sparking. 
A  more  flexible  catenary  system  was,  therefore,  devised 
by  providing  an  auxiliary  messenger  wire  supported 
from  the  main  messenger  by  hangers ;  below  this  the 
main  trolley  wire  is  suspended  by  clips  at  points  inter- 
mediate between  the  main  hangers.  This  gives  approxi- 
mately uniform  flexibility  and  sparkless  collection  of 
current  at  any  running  speed. 

In  the  early  examples  of  catenary  construction,  nota- 
bly on  the  first  section  of  the  New  Haven  road  elec- 
trically operated,  it  was  thought  necessary  to  provide 
lateral  stiffness  for  the  system  by  the  use  of  two  mes- 
senger cables  instead  of  one,  which,  through  the  rigid 
hangers,  gave  a  triangular  support  to  the  contact  wire. 
This  construction,  however,  has  been  found  unnecessary 
and  even  objectionable  in  being  too  rigid  on  curves.  All 
the  latest  systems  use  a  single  messenger  cable. 

The  catenary  wire  system  is  carried  at  suitable  in- 
tervals by  some  form  of  bridging  across  the  tracks. 
These  supports,  in  early  examples,  were  made  very  rigid 
and  cumbersome,  employing  latticed  steel  posts  and 
cross  trusses.  While  this  construction  is  good,  it  is  ex- 
pensive and  somewhat  unsightly  :  it  also  obstructs  clear 


view  along  the  track.  A  lighter  and  more  sightly  con- 
struction has  been  found  admissible  and  advantageous, 
and  designs  with  these  objects  in  view  were  accordingly 
made  for  the  Philadelphia  electrification.  Before  finally 
deciding  upon  the  best  type,  however,  an  experimental 
four-track  catenary  section  about  a  mile  long  was 
erected,  embodying  various  types  of  structures,  as  well 
as  of  the  details  of  hangers,  insulators,  etc.  An  exami- 
nation of  this  work  by  a  committee  of  the  operating 
officials  of  the  road  resulted  in  the  selection  of  what  is 
called  a  "cross  catenary  tubular  bridge"  to  carry  the 
longitudinal  catenary.  This  form  of  construction  pro- 
vides a  simple  and  relatively  cheap  structure  which  in- 
terferes with  the  view  along  the  track  as  little  as  possible 
and  which,  furthermore,  presents  least  surface,  and  that 
of  the  simplest  kind,  for  repainting. 

Catenary  Design — The  design  of  a  catenary  struc- 
ture, especially  for  a  multiple  track  railroad  having  a 
large  number  of  curves  of  varying  radii,  is  a  complex 
operation.  Not  only  the  static  loads  including  ice  load- 
ing, but  wind  pressures,  temperature  movements  and 
effects  of  curve  puU-offs,  must  be  provided  for  with 
proper  factors  of  safety.  Static  loading,  including  loads 
due  to  wind  pressure  on  ice-covered  wires,  etc.,  are 
readily  computed :  the  temperature  movements  on  tan- 
gent construction  may  also  be  readily  computed,  but  the 
effects  of  temperature  in  the  curved  portions  of  the  line 
are,  owing  to  the  elasticity  of  both  messenger  and  trol- 
ley, difficult  of  computation.  An  elaborate  series  of  ex- 
[)eriments  was  made  on  the  trial  line  to  measure  tem- 
perature effects  under  these  varied  conditions  and 
formulae  were  deduced  to  apply.  Observations  made 
recently  on  typical  wires  of  the  completed  work  show 
movements  in  substantial  agreement  with  these  com- 
putations. 

The  assumptions  used  for  loading  provide  for  one- 
half  inch  coating  of  ice  on  all  wires  and  a  wind  pressure 
of  eight  i)ounds  per  square  foot  on  the  projected  surface 
of  the  ice-covered  wires.  Unit  stresses  in  any  part  of 
the  structure,  imder  these  conditions,  include  suitable 
factors  of  safety  within  the  elastic  limits. 

The  contact  trolley  wire  is  No.  ooo  copper  specially 
treated,  with  the  addition  of  a  slight  amount  of  alloying 
metal  to  produce  a  dense,  uniform  product.  This  wire 
is  suspended  by  clips  at  intervals  of  15  feet  directly  from 
a  secondary  copper  messenger  of  No.  o  size,  and  this 
secondary  is  in  turn  hung  from  a  seven-strand  galvan- 
ized steel  messenger  cable  about  one-half  inch  in  diam- 
eter at  intervals  of  30  feet  and  midway  between  the  sus- 
pension points  of  the  running  contact  wire.  This  cable 
has  an  ultimate  strength  of  about  30000  pounds. 

On  curves,  where  the  system  must  be  restrained  to 
coincide  with  the  center  line  of  the  track,  both  trolley 
wire  and  secondary  are  carried  by  the  same  hangers, 
spaced  15  feet  apart.  .\  smooth  curve  is  produced  by 
inclining  the  hangers  from  the  vertical  and  offsetting  the 
messenger  at  the  points  of  support  on  bridges.  This 
construction  has  the  great  advantage  of  eliminating  pull- 
offs,  which  tend  to  jiroduce  hard  spots  or  rigid  points  in 
the  contact  wire. 
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'ilic  trolley  is  designed  to  lie  in  a  plane  parallel  to 
the  track  at  a  temperature  of  6o  degrees  F.,  producing 
normal  tension  in  the  rumiing  wire  of  3000  pounds  and 
3500  pounds  in  the  steel  messenger ;  the  secondary  is 
stressed  about  1000  pounds  only.  To  produce  these 
stresses  the  vertical  sag  of  the  messenger  is  about  five 
feet  in  the  center  of  a  300  foot  span.  The  spans  are 
generally  320  feet  on  tangents  and  closer  on  curves  as 
limited  by  the  amount  of  space  available  in  which  to 
offset  the  messengers  on  the  bridges. 

The  normal  height  of  trolley  wire  is  22  feet  above 
the  top  of  tracl<  rail;  in  Broad  Street  station  and  yard 
it  is  20  feet,  and  is  still  lower  under  certain  overhead 
highway  liridges  and  in  tunnels. 

The  effect  of  temperature  variation  in  a  catenary 
structure  is  to  alter  the  tensions  and  positions  of  the 
wires  in  relation  to  the  track.  In  foreign  installations, 
especially  those  on  the  continent  of  Europe,  elaborate 
devices  are  often  used  to  insure  uniform  tension  in  the 
contact   line  with  varying  tem]ieratin-e.       The  ]ilan   usu- 


i  he  result  of  not  using  automatic  tension  is  that 
there  is  a  ma.ximum  vertical  movetuent  of  the  trolley 
wire  on  tangents  of  about  12  inches  for  100  degrees  of 
temperature  range,  and  in  curves  this  movement  may  be 
as  much  as  30  inches,  with  20  inches  horizontal  move- 
ment. It  is  believed  to  be  better  to  stand  the  incon- 
venience of  these  movements  and,  possibly,  the  necessity 
for  some  seasonal  adjustment  of  the  system  to  prevent 
them  from  becoming  undesirably  great,  rather  than  to 
add  complicated  correcting  devices  which,  at  least  for 
the  present,  are  not  thought  to  be  essential. 

Insulators — To  secure  reliability  of  service,  adequate 
insulation  of  an  overhead  trolley  line  is  of  vital  impor- 
tance. L'nfortunately,  electrical  insulators  must  be  of 
materials  which  have  undesirable  mechanical  features; 
only  porcelain  or  glass  can  he  used,  and  these  have  prac- 
tically no  strength  e-xce]it  in  compression.  The  insu- 
lators must,  therefore,  be  designed  to  be  free  from 
bending  strains  in  service.  This  limits  the  design  of 
insulators  to  certain   forms  and  makes  the  applications 


FIG.   4 — CROSS   CATEN..\RV    STRUCTURES   OVER    MUI.TII'LE    TR.\CK    SECTION 

ally  adopted  is  to  divide  the  contact  line  in  sections,  say,  at    times    awkward.      In    accordance    with    the    policy 

one-half  mile  long,  and  to  fix  the  wire  at  the  middle  of  adopted  in  carrying  out  this  electric  installation,  it  was 

each  section,  stretching  the  two  ends  by  automatic  tight-  endeavored  to  make  the  line  insulation  of  the  very  best, 

ening   devices,   which   produce  tension  by   weights   at-  To  do  this  it  was  determined  to  provide  on  the  portion 

tached  to  chains  running  over  pulleys.    As  the  catenary  of  the  line  which  is  subject  to  considerable  hard  usage 

is  made  uji  of  wires  of  different  materials   (steel  and  at  least  double  insulation,  each  unit  designed  to  be  suf- 


co])])er  )  having  different  coefficients  of  expansion,  com- 
plications are  introduced  in  carrying  out  consistently 
any  automatic  tension  scheme.  Its  proper  operation  is 
also  predicated  upon  the  free  movement  of  all  wires  at 
the  points  of  support,  a  condition  which  is  difficult  to 
secure  in  practice,  and  the  presence  of  sectionalizing  de- 
vices, overhead  wire  curves,  or  of  switches  and  cross- 


ficient  in  itself.  In  parts  of  the  line  subjected  to  the 
most  uncertainty  or  abuse,  triple  insulation  to  ground 
was  provided.  The  transmission  line  is  not  subjected  to 
such  severe  conditions,  and  there  single  insulation  has 
been  used. 

The  material   of   the  insulators  has  been  made  the 
subject  of  very  careful  study.     It  was  finally  decided  to 


overs  in  the  trolley  all  add  to  the  com])Hcati(}n.     The  adopt  .'\merican  porcelain  insulators  made  by  the  wet 

writer,   who  has   conducted   a   number   of   experiments  process,  special  care  being  taken  to  produce  mixtures 

with  automatic  tension  devices  in  order  to  test  their  ap-  which  would  withstand  smlden  changes  in  temperature 

plicability  to  American  conditions,  lielieves  that,  for  the  and  make  a  homogeneous  product  best  fitted  to  resist 

present  at  least,  it  is  inadvisable  to  complicate  overhead  electrical   stresses.     The  problem   of   obtaining  perfect 

structures    with    such    devices    in    advance    of    positive  insulators  seems  to  reside  chiefly  in  getting  a   proper 

knowledge  that  they  will  be  needed.  mixture  free  from  impurities,  and  in  moulding  it  with- 
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out  voids  and  firing  it  at  the  proper  temperature.  If  the 
insulator  is  over-fired  it  will  be  very  brittle,  and  if 
under-fired  too  porous,  so  that  it  will  absorb  moisture 
and  fail  electrically. 

For  the  high-tension  transmission  lines,  the  insu- 
lators adopted  are  of  the  pin  type  of  four-piece  por- 
celain. The  petticoats  are  12  inches  in  diameter  and  the 
insulator  proper  is  8.5  inches  high.  The  insulator  has  a 
dry  flashover  test  of  165  000  volts,  a  wet  flashover  test 
of  120000  volts,  and  a  puncture  test  of  250000  volts. 
After  erection,  all  transmission  lines  were  tested  out  to 
a  potential  of  three  times  the  working  pressure  to 
ground. 

For  catenary  insulators  a  novel  type  of  triple  insula- 
tion was  devised.  The  conditions  to  be  met  are  many; 
the  insulator  must  not  only  be  sufficient  electrically,  but 
mechanically  it  must  have  a  large  factor  of  safety  to 
prevent  breakage  due  to  the  weight  carried  and  temper- 
ature variation ;  and  should  be  of  a  design  that  can  be 
adapted  to  the  simple  attachment  of  the  catenary  and 
will  give  the  greatest  distance  possible  from  the  live  wire 
to  the  ground.  This  hitter  requirement  is  not  only  nec- 
essary to  prevent  electrical  flashovers,  but  to  guard 
against  accidental  grounding  across  the  insulator  by 
birds  or  small  quadrupeds  which  seem  to  have  a  fond- 
ness for  using  the  catenary  structure  as  a  resting  place. 
A  study  of  all  conditions  led  to  the  adoption  of  a  suspen- 
sion type  catenary  insulator,  consisting  of  three  porce- 
lain discs  in  series,  each  disc  being  eight  inches  in  diam- 
eter and  cemented  into  a  malleable  iron  cap.  The  porce- 
lain and  the  metal  part  are  put  together  at  120  degrees 
F.,  so  that  in  cooling  they  will  not  produce  bursting 
strains  on  the  porcelain  by  differential  contraction. 

Each  insulator  is  subjected  to  thorough  tests,  one  for 
electrical  flashover  and  puncture  and  another  for  me- 
chanical strength.  Electrical  tests  are  made  both  wet 
and  dry,  and  under  the  worst  conditions  must  show  in 
the  completed  unit  a  factor  of  safety  of  ten  in  the  wet 
test  and  twenty  in  the  dry.  Mechanically  the  breaking 
strength  of  the  suspension  insulator  is  about  18  odd 
pounds ;  the  maximum  working  load  is  5500  pounds. 

Catenary  Supports — Cross-catenary,  guyed,  tubular 
pole  structures  were  adopted  for  reasons  of  simplicity, 
cheapness  and  sightliness,  and  are  used  for  all  four  and 
six  track  main  line  construction.  For  double  or  single 
track  work  and  in  special  locations,  such  as  at  West 
Philadelphia,  tubular  and  (in  some  cases)  structural 
bracketed  poles  were  used.  In  the  extensive  terminal 
yard  at  Broad  street,  cross-catenary  construction  is  used 
with  unguyed  latticed  steel  side  posts. 

With  the  tubular  form  of  construction  it  is  imprac- 
ticable to  attempt  to  take  care  of  the  very  heavy  over- 
turning moments  at  the  foundations,  as  poles  which  are 
of  workable  size  are  incapable  of  standing  large  bend- 
ing moments.  Accordingly,  the  poles  were  made  of  the 
proper  size  to  take  the  compressive  stresses,  and  the 
lateral  overturning  is  resisted  by  double  back-guys.  The 
foundations  were,  therefore,  designed  to  take  only  a 
small  overturning  moment  laterally ;  this  moment  is 
caused  by  the  tension  due  to  trolley  pull-oflfs,  which  are 


applied  some  distance  below  the  point  of  attachment  of 
the  guy,  thus  putting  a  slight  bending  moment  in  the 
pole.  The  poles  were  considered  essentially  as  compres- 
sion members  fixed  at  the  base,  and  the  foundations  are 
accordingly  of  moderate  size,  containing  generally  not 
more  than  four  cubic  yards  of  concrete.  The  poles  vary 
in  diameter  from  8  to  13  inches  inside  at  the  butt,  and 
terminate  in  a  four-inch  diameter  piece  above  the  point 
where  the  guy  rods  are  attached,  to  carry  the  ground 
wire.  The  poles  have  a  thickness  of  one-half  inch,  but 
at  the  point  where  they  leave  the  foundation  they  are 
protected  by  a  one-half  inch  thick  band.  They  are 
swabbed  on  the  inside  with  pitch  and  are  fitted  with 
screw  caps  and  sealed  air-tight. 

Guy  Rods — The  guy  rods  are  formed  of  two  steel 
rods  placed  at  an  angle  of  60  degrees  with  each  other 
on  the  horizontal  projection  and  intersecting  at  the  cen- 
ter of  the  pole.  It  is  not  difficult  to  take  any  desired 
amount  of  tension  in  this  form  of  construction,  but  its 
^iu"Os-;   lip<;   in    the   ^nffiriencv   nf   the   niiohor.-iije.      The 
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ground  around  Philadelphia  is  generally  of  firm  clay, 
shale  or  disintegrated  rock.  All  these  were  found  to  be 
of  sufficient  stiffness  to  make  it  possible  to  excavate 
foundation  trenches  with  vertical  walls  and  to  thus 
keep  down  the  excavation  to  a  minimum  for  proper 
holding  power  of  the  anchors.  Tests  were  made  of 
various  types  of  anchors.  The  type  finally  adopted  as 
most  reliable  and  economical  consists  of  a  rectangular 
concrete  slab  surrounding  pieces  of  old  rail  or  beams 
set  in  a  longitudinal  direction  in  the  excavation  and 
having  guy  stubs  attached  to  the  rails.  These  stubs 
project  a  short  distance  above  the  ground  surface  and 
are  encased  in  old  boiler  pipes  filled  with  grout;  they 
form  a  permanent  attachment  for  the  guy  rods,  which 
were  coupled  to  them  later.  The  guy  anchors  were 
assumed  to  engage  a  prismoid  of  earth  bounded  by 
planes  touching  the  upper  edges  of  the  slab  and  inclin- 
ing outward  at  an  angle  of  30  degrees  with  the  vertical. 
When  in  an  embankment  only  that  portion  of  material 
forming  a  symmetrical  body  was  assumed  to  act  in 
resisting  uplifting.    \  factor  of  safety  of  1.75  was  used. 
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No  case  of  guy  yielding  has  yet  been  reported  in  the 
many  hundred  of  foundations  placed. 

The  upper  portions  of  the  guys  consist  of  round  rods 
with  an  eyebar  head  at  the  top  and  thread  at  the  lower 
end,  connecting  to  the  stub  with  a  turnbuckle.  The  size 
of  the  rods  varies  in  accordance  with  the  stresses  from 
1 .25  to  2.5  inches  in  diameter,  from  which  it  will  be  seen 
that  the  tensions  to  be  taken  care  of  are  sr<-'at,  amount- 
ing in  some  cases  to  85  000  pounds  per  rod.  The  largest 
standard  size  of  anchor  slabs  was  4  feet  wide  li\'  6.5 
feet  long  and  18  inches  deep. 

This  entire  cross-catenary  construction  is  designed  to 
be  rigid  transversely  with  the  tracks,  but  provides  for 
considerable  longitudinal  flexibility,  which  is  an  advan- 
tage in  distributing  the  stresses  due  to  temperature 
changes  to  the  anchor  bridges,  and  prevents  excessive 
unbalanced  loads  due  to  any  breakage  in  the  longitudinal 
wire  system.  At  certain  places  along  the  line  where 
property  lines  were  close  guys  could  not  be  provided, 
and  in  such  cases  latticed  structural  poles  were  used 
wnih  foundations  designed  to  resist  the  overturning 
moments. 

Numerous  composite  wire  dead-ending  and  signal 
bridges  have  been  provided  along  the  line ;  these  are 
spaced  primarily  with  reference  to  the  requirements  of 
the  block  signaling,  and  are  on  the  average  about  2700 
feet  apart.  These  composite  bridges  are  quite  massive, 
a  typical  four-track  bridge  weighing  about  30  000 
pounds,  with  about  60  cubic  yards  of  concrete  in  its 
foundations. 

In  Broad  Street  Station  yard  the  catenary  structures 
must,  in  some  cases,  span  13  tracks,  or  about  115  feet  in 
the  clear  between  supports.  The  posts,  which  are  of  the 
self-supporting  type,  are  in  some  cases  45  feet  high,  in 
order  to  provide  the  clearance  for  the  trolley  wire  above 
the  top  of  rail.  They  must  be,  therefore,  very  stiff,  and 
of  the  latticed  type  and  set  on  or  supported  by  the  ma- 
sonry of  the  elevated  tracks.  The  overturning  moments 
are  provided  for  by  a  structural  steel  toe  projecting 
under  the  tracks  and  bearing  on  the  masonry  of  the  fill. 

Scctionalising — The  working  conductors  of  all  elec- 
tric systems  are  cut  into  separate  sections  in  order  to 
facilitate  repairs  and  to  localize  troubles.  This  sec- 
tionalizing  is  accomplished  in  the  overhead  trolley  sys- 
tem by  making  a  short  gap  or  break  in  the  catenary  and 
trolley  wires.  The  messenger  is  sectionalized  by  insu- 
lators and  the  trolley  wires  by  one  of  several  different 
methods.  The  best  means  for  high-speed  running  ap- 
pears to  be  to  overlap  the  two  sections  in  a  span,  chang- 
ing the  elevation  of  the  wires  at  the  overlap  so  that  the 
car  pantagraph  will  run  smoothly  from  one  section  to 
the  other.  Tension  in  the  wires  at  the  overlap  is  main- 
tained by  transference  through  porcelain  insulators  and 
no  insulation  is,  therefore,  required  at  the  point  of  con- 
tact except  that  furnished  by  the  surroimding  air.  These 
section  breaks  are  introduced  in  yards,  at  all  sub-stations 
and  at  anchor  bridges  where  track  transformers  are  in- 
stalled to  prevent  inductive  effects  in  telephone  and  tele- 
graph wires. 


In  yards  numerous  section  breaks  must  be  employed 
to  sectionalize  the  tracks  in  groups,  and  the  ladders 
must  be  sectionalized  at  each  track.  This  complication 
appears  to  be  unavoidable,  and  as  the  train  speeds  are 
slow  at  such  points  a  simpler  type  of  section  break, 
which  requires  less  space  to  install,  is  used. 

L'ujhtning  Protection — It  is  necessary  to  provide 
means  for  the  protection  of  the  system  in  case  of  light- 
ning discharges.  The  transmission  lines  appear  to  be  the 
vulnerable  part  of  the  system  as  a  collector  of  air  poten- 
tials. A  ground  wire  installed  above  each  transmission 
line  furnishes  a  generally  efficient  protection.  To  ]jro- 
vide,  however,  for  the  possibility  of  lightning  dis- 
charges, which  may  reach  the  line  in  spite  of  this 
protection,  injuring  the  ;ipparatus  in  the  sub-stations, 
special  arresters  of  the  "electrolytic"  type  are  provided 
at  the  sub-stations.  It  has  been  found  by  experience 
catenary  .system  has  given  very 
from  lightning;  this  imnnmity  is 


that   an    ungroundei! 
little,  if  anv,  troubh 


FIG.   6 — LATTICED   STEEL  POLES   AND   CATENARY 
CONSTRUCTION   IN   YARDS 

probably   due   to   the  great   number   of   grounded   steel 
structures  which  s]ian  the  tracks  and  carry  these  wires. 

CONSTKUCTION    METHODS 

As  the  electrilication  covers  one  of  the  busiest  and 
most  im])ortant  main  line  sections  of  the  Pennsylvania 
Railroad  and  includes  the  equipment  of  a  large  and 
congested  terminal,  the  methods  employed  to  insure 
prompt  and  safe  conduct  of  the  erection  work  will  be 
of  interest.  .\11  designing  and  all  construction,  except 
the  purchase  of  e!e;tric  ajiparatus  and  the  erection  of 
the  sub-station  buildings  which  were  contracted  for, 
was  carried  out  ])y  the  regular  departments  and  the 
special  forces  of  the  railroad  company. 

Designing — The  first  important  operations  were  in 
the  designing  offices,  where  the  plans  for  all  structures 
were  made  in  detail.  The  field  forces  were  supplied 
with  exact  information  for  all  foundations,  which  was 
the  first  field  operation  midertaken.  It  was  especially 
important  to  avoid,  as  f.ir  as  possilile,  all  cutting  and 
fitting  of  wires,  hangers,  etc.,  in  the  field  ;  hence  elab- 
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orate  and  complete  plans  were  made  in  the  designing 
room  to  determine  the  position  which  the  trolley  wire 
would  assume  at  each  and  every  point  over  the  line 
with  certain  predetermined  sags,  the  location  of  the 
messenger  in  reference  to  the  tracks,  etc.  The  calcula- 
tions established  the  lengths  of  all  trolley  wire  hangers, 
which  were  from  these  plans  furnished  to  the  field  cut 
to  length  and  fitted  with  their  attachments.  When  put 
into  position  it  was  found  that  the  trolley  hung  in  its 
proper  plane  and  position  with  but  little  field  adjust- 
ment. While  this  process  involved  a  large  amount  of 
designing,  it  is  felt  that  it  was  amply  justified  by  the 
resulting  saving  in  cost  and  time  during  the  construction 
period. 

The  main  elements  in  the  construction  work  were 
disposed  of  as  follows : — 

Foundations — Excavations  for  about  412  bridge 
foundations  were  required.  The  soil  was  for  the  most 
part  of  clay  which  was  stiflf  enough  to  require  no  shoring 
when  the  excavation  was  followed  closely  by  the  con- 
creting. Some  rock,  however,  was  encountered  in  por- 
tions of  the  line,  and  where  found  was  cut  out  by  air 
hammers,  as  the  work  was  so  close  to  the  tracks  that 
blasting  was  considered  dangerous. 

Concreting — The  aggregates  for  foundation  con- 
crete were  distributed  by  a  work  train  in  approximately 
the  required  quantities  adjacent  to  each  foundation.  All 
concrete  was  hand-mixed  on  boards,  in  the  proportion 
of  I — 2.5 — 5,  and  was  poured  very  wet,  so  that  it  was 
not  necessary  to  do  a  great  deal  of  tamping. 

The  tubular  pole  foundations,  which  were  rectan- 
gular in  cross-section  and  of  varying  dimensions,  were 
provided  with  vertical  rods  and  reinforcing  hoops  of 
one-half  inch  twisted  rods  for  shear.  These  founda- 
tions rcc[uired  no  foundation  bolts,  as  the  pole  is  set  in 
a  center  hole  formed  by  a  collapsible  core.  In  general, 
the  foundations  required  no  forms  except  just  below 
and  above  the  ground,  as  the  clay  was  stiflf  enough  to 
stand  up  properly  until  the  concrete  was  poured.  As 
far  as  practicable,  the  excavation  for  the  ground  end 
of  the  anchors  was  made  at  the  same  time  as  that  for 
the  pole  foundations,  and  the  concrete  slab  at  the  bot- 
tom of  the  anchor  was  ])oured  at  the  same  time  as  the 
main  foundation. 

Catenary  Supports — The  foundations  were  jtracti- 
cally  all  completed  before  the  erection  of  bridge  struc- 
tures began.  The  poles  were  unloaded  near  their  re- 
spective locations,  and  while  lying  on  the  ground  were 
fitted  with  attachments,  such  as  cross-arms,  castings,  etc. 
The  poles  were  then  lifted  into  place  in  their  founda- 
tions by  using  a  derrick  car.  They  were  afterwards 
lined  up  and  shimmed  in  place  by  wooden  wedges, 
which  held  them  until  the  work  train  followed  and 
grouted  them  permanently  in  place.  The  anchor  and 
signal  bridges  were  erected  into  position  by  a  derrick 
car  from  the  freight  car  on  which  they  were  received. 

Cross  Spans — The  next  operation  was  to  erect  the 
cross-catenary  between  the  side  poles.  This  structure 
consisted  of  top  and  bottom  wires  with  their  connecting 


links  all  previously  fitted  together  at  the  construc- 
tion yard.  These  pieces  were  loaded  on  a  work  train 
and  hung  in  place  from  the  train.  The  whole  cat- 
enary pole  span  was  then  completed  by  putting  on  its 
guy  rods  after  making  final  adjustments  for  tensions, 
and  was  then  ready  for  the  erection  of  the  longitudinal 
catenary. 

Longitudinal  Catenary — When  enough  structures 
;ind  bridges  were  in  place  and  the  insulators  suspended 
from  them,  wire  stringing  work  trains  were  organized. 
These  were  usually  made  up  of  one  or  two  flat  cars  to 
carry  the  reels  of  wire,  one  or  two  tower  cars  and  a 
bo.x  car  used  as  a  material  and  tool  car.  The  steel 
messenger  wire  was  fed  out  from  the  top  of  the  tower 
car  and  strung  from  anchor  bridge  to  anchor  bridge 
and  adjusted  to  the  proper  unloaded  tensions,  which 
were  furnished  by  the  office.  Until  final  adjustments 
were  made  this  messenger  wire  was  supported  on  pulley 
l)locks  suspended  from  the  insulators,  thus  allowing  it 
free  play  longitudinally.  These  blocks  were  removed 
later  and  regular  sup])orting  castings  substituted. 

The  cable,  while  suspending  its  own  weight  only, 
was  given  such  a  tension  as  would  be  necessary  to  in.sure 
proper  sag  when  fully  loaded.  This  tension  was  com- 
puted and  furnished  the  field  by  means  of  the  curves 
showing  the  relation  between  temperature  and  tension 
for  each  stretch  between  anchor  bridges.  The  proper 
tension  was  obtained  by  means  of  a  dynamometer  and 
the  cable  allowed  to  stand  awhile  and  adjust  itself  to 
appro.ximately  uniform  tension  throughout  its  length 
and  then  finally  socketed  and  anchored  at  both  ends. 

Following  the  erection  of  the  messenger  wire  a  train 
made  up  of  several  tower  cars  would  mark  the  proper 
location  of  the  hangers  on  the  messenger  in  accordance 
with  the  drawings  and  fasten  in  position  the  hangers 
which  had  previously  been  cut  to  length  and  fitted  with 
castings.  The  next  operation  was  to  string  the  aux- 
iliary and  the  main  trolley  wires  from  anchor  bridge  to 
anchor  Ijridge,  holding  the  \vires  temjiorarily  at  the 
bottom  of  the  hangers  by  means  of  iron  straps  which 
could  readily  and  quickly  be  applied.  The  final  opera- 
tion was  to  adjust  the  trolleys  to  their  proper  tensions 
by  a  train  of  tower  cars  and  to  clip  them  in.  Where 
cross-overs,  section  breaks,  etc.,  occurred  the  fittings 
were  put  in  as  a  last  operation,  as  they  required  gener- 
ally one  or  two  tower  cars  only  to  accommodate  the 
workmen  who  could  be  employed  to  advantage  in  the 
short  lengths  involved. 

Work  Trains — The  composition  and  jiroper  manage- 
ment of  the  work  train  service  was  very  important,  in 
order  not  to  block  regular  traffic  unnecessarily.  Prac- 
tically all  work  was  done  by  daylight,  night  work  being 
permitted  only  for  a  period  of  about  two  months  in 
Broad  Street  Station  in  order  to  clean  up  certain  work 
which  could  not  be  done  by  day  on  account  of  the  traffic. 
The  rapidity  of  the  progress  of  the  work  was  largely 
regulated  by  the  amount  of  time  the  tracks  could  be 
given  up  for  the  occupancy  of  work  trains.  Generally, 
on  the  four-track  portion  of  the  main  line  the  inside 
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track  of  the  inbound  pair  was  occupied  in  the  mornings 
and  the  inside  track  of  the  outbound  pair  in  the  after- 
noons. The  stringing  of  wires  over  the  outside  tracks 
was  done  from  the  middle  tracks  by  outriggers  on  the 
tower  cars,  so  designed  that  they  could  be  occupied  by 
the  workmen  without  interfering  with  the  steam  traffic 
underneath  on  that  track.  In  all  ten  flat  cars  were 
equipped  with  towers,  the  working  platforms  of  which 
could  be  readily  raised  and  lowered  by  means  of  chain 
blocks.  \\  hen  in  the  lowered  position  the  towers  have  a 
height  of  1 8  feet  6  inches  above  the  rail,  with  a  possible 
raise  of  4  feet. 

Men  Employed — The  men  employed  in  the  construc- 
tion work  varied  in  number  from  200  to  685,  and  were 
variously  divided  into  gangs  at  different  stages  of  the 
work  between  laborers  on  excavation  and  concrete,  iron 
workers  on  erection  of  structmxs,  linemen  for  stringing 
the  wires,  bonding  gangs  on  track  bonding,  carpenters 
on  forms  and  miscellaneous  workmen  and  wiremen  on 
equipment  of  sub-stations. 


lie.    7 — SIGXAL    AND    SECTIONALIZING    BRIDGE 

Showing  beam  light  signals  and  booster  transformers. 

Anioitut  of  JJ'ork  Done — Foundations  for  catenary 
bridges  were  completed  at  the  average  rate  of  about  two 
per  day,  reaching  six  per  day  at  the  maximum.  With 
the  derrick  car  twenty-five  poles  could  be  picked  up  and 
set  in  place  per  dav.  The  tubular  bridges  were  erected 
and  completed  at  the  rate  of  two  per  day.  The  erection 
of  longitudinal  wiring,  including  messenger  and  trolleys, 
clip]iing  in  and  adjtisting,  etc.,  was  completed  at  the  rate 
of  3,1  track  miles  per  day  for  straight-away  work.  The 
wire  train  stringing  four  wires  at  once  could  run  out 
eight  miles  a  day.  In  complicated  yard  work  the  prog- 
ress was,  of  course,  much  slower.  Thus,  at  the  various 
interlockings  in  the  Broad  Street  terminal,  a  given  sec- 
tion of  tracks  could  not  be  occupied  for  any  great  length 
of  time,  so  that  much  time  was  necessarily  lost  in  wait- 
ing and  switching  in  and  otit  of  position.  In  this  loca- 
tion, moreover,  the  work  was  extremely  complicated 
and  tedious,  as  there  were  about  44  cross-overs  and  50 
switches  in  the  portion  of  the  yard  electrified.  There 
were  generally  three  trains  at  work  in  this  section  and 
one  train  at  night.     It  required  the  equivalent  of  one 


train  at  work  for  about  twenty-six  weeks  to  string  the 
trolleys  and  clip  them  in  and  to  make  the  section  breaks, 
cross-overs,  etc.,  complete.  Track  bonds  were  applied 
at  the  rate  of  about  250  bonds  a  day. 

OTHER    Sl'ECIAL    FEATURES 

A  number  of  novel  accessory  features  were  provided 
for  the  installation.  Some  of  the  more  interesting  ac- 
cessories are : — 

Lnductivc  Protection — In  order  to  reduce  inductive 
interference  of  the  traction  currents  with  the  operation 
of  telephone  and  telegraph  lines,  series  or  booster  trans- 
formers have  been  installed  in  the  track  circuit.  These 
transformers  are  located  on  signal  bridges  approxi- 
mately one  mile  a])art.  The  primaries  of  the  trans- 
formers are  in  series  with  the  trolley  wires,  and  the  sec- 
ondaries are  connected  across  the  middle  jioints  of 
impedance  bonds  at  insulated  joints  in  the  track.  As  all 
of  the  trolley  current  supplied  must  flow  through  the 
primaries  of  the  booster  transformers  between  the  sub- 
station and  the  load,  all  of  this  current  must  flow 
through  the  secondary  of  the  transformer,  and  thus  is 
kejjt  in  the  l)ack  rails  instead  of  returning  through  the 
earth. 

Hond'uHj — In  order  to  make  that  part  of  the  electric 
circuit  represented  liy  the  track  rails  continuous  and  of 
low  resistance,  all  joints  are  bonded  with  copper  bonds. 
Two  bonds  are  used  on  all  joints  and  (except  at  inter- 
lockings) both  rails  carry  traction  current.  At  signal 
l)locks  impedance  bonds  arc  connected  across  the  break. 
These  impedance  bonds  are  so  designed  that  they  permit 
the  passage  of  25  cycle  traction  current,  but  effectively 
sectionalize  the  60  cycle  signal  circuit. 

Signals — Power  for  the  operation  of  the  electric  sig- 
nals is  supplied  from  motor-generator  sets  in  the  West 
Philadelphia  sub-station  under  normal  operating  condi- 
tions, but  in  case  of  emergency  may  be  supplied  from  a 
separate  source  at  the  Paoli  inspection  building.  In  the 
\Vest  Philadelphia  sub-station  there  are  two  150  k.v.a. 
motor-generator  sets  stipplied  with  jiower  from  the 
1 1  000  volt  bus-bars  through  a  transformer.  This  trans- 
former steps  the  voltage  down  to  2200,  at  which  poten- 
tial it  is  supplied  to  the  single-phase  motors  of  the 
motor-generator  sets.  Power  is  generated  at  3400  volts, 
60  cycles,  and  supplied  to  the  four  signal  feeders.  There 
is  also  in  the  West  Philadelphia  sttb-station  a  150  k.v.a. 
transformer,  which  is  supplied  with  power  from  the 
Philadelphia  Electric  Company,  for  emergency  use.  At 
Paoli  a  75  k.v.a.  motor-generator  set  is  located  in  the 
inspection  building  power  house,  and  power  for  its 
operation  is  supplied  from  the  1 1  000  volt  bus  in  the 
Paoli  sub-station  through  a  step-down  transformer. 

The  most  interesting  feature  of  the  signaling  of  the 
electrified  section  is  found  in  the  novel  type  of  signal 
used.  The  usual  semaphore  signals  have  been  replaced 
by  beam  light  signals  of  a  type  devised  by  Mr.  Ruud, 
signal  engineer  of  the  company.  This  signal  consists 
of  a  number  of  light  units  or  lamp  bodies  assembled  on 
a  framework  in  various  combinations.    The  pipe  frames 
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on  which  the  lamps  are  mounted  are  stationary.  In  the 
case  of  a  three-position  signal  there  are  three  arms — 
one  vertical,  one  at  45  degrees  and  another  at  90  degrees. 
A  total  of  ten  lamps  are  required  to  give  the  three  posi- 
tions. Two-position  signals  require  only  seven  lamps. 
The  inverted  lenses  are  equipped  with  "no  glare"  cover 
glass,  which  has  a  yellowish  tinge  and  renders  the  light 
more  distinct.  At  the  focus  of  the  lens  there  is  a  12 
volt,  5  watt,  concentrated  filament  tungsten  lamp.  A 
hood  is  provided  to  shield  the  lens  from  the  direct  rays 
of  the  sun.  In  order  to  present  a  better  short  range 
indication  a  glass  mirror  is  mounted  above  the  lamp  in 
such  a  position  as  to  cast  a  light  downward  towards  the 
base  of  the  signal.  The  transmission  factor  of  these 
lenses  is  high,  due  to  the  absence  of  color. 

Telephone  and  Telegraph  Lines — On  account  of  in- 
terruptions to  telephone  and  telegraph  service  following 
heavy  sleet  storms,  all  wires  and  poles  have  been  re- 
moved and  cables  installed  in  underground  conduits 
along  the  right  of  way.  Along  the  main  line  the  under- 
ground conduit  system  consists  of  six  three-inch  con- 


duits, part  of  which  are  clay  and  part  bituminized  fibre. 
These  conduits  are  laid  in  concrete  and  manholes  are 
provided  every  400  feet.  On  top  of  this  bank  of  con- 
duit the  main  signal  power  feeder  is  carried  in  pump  log 
conduit.  This  cable  carries  single-phase,  60  cycle  cur- 
rent at  a  potential  of  3400  volts.  Telephone  cables  are 
paper  insulated  and  lead  covered.  Telephone  service  is 
provided  between  all  sub-stations  and  the  power  director 
and  train  dispatchers,  and  telephone  boxes  are  located 
at  all  signal  bridges.  These  signal  bridges  are  only 
about  one-half  mile  apart,  so  that  ample  facilities  for 
communication  are  provided. 

Car  Inspection  Building — A  car  inspection  building 
has  been  provided  in  the  Paoli  yard.  It  was  laid  out  to 
take  care  of  not  only  the  cars  required  for  the  present 
electrification,  but  those  on  the  other  divisions  when 
electrified.  Adjacent  to  this  building  is  a  small  service 
plant  containing  boilers  for  heating,  air  compressors, 
motor-generators  for  supplying  power  for  tools  and 
lighting,  and  a  motor-generator  set  for  supplying  emer- 
gency signal  power. 


Commutation  and  Commutation  Limits' 


B.  G.  Lamme 

Chief  Engineer, 

Westinghouse  Electric  &  Mfg.  Company 


PROBABLY  the  most  serious  limitation  encoun- 
tered in  direct-current  electric  machinery  is  that 
of  commutation.  This  is  an  electrical  problem 
primarily,  but  in  carrying  any  design  of  direct-current 
machine  to  the  utmost,  certain  limitations  are  found 
which,  to  a  certain  extent,  are  dependent  upon  the  phys- 
ical characteristics  of  materials,  constructions,  etc.  In 
dealing  with  the  limits  of  commutation,  it  is  considered 
that  the  armature  winding  as  a  whole  tends  to  set  up  a 
magnetic  field  when  carrying  current,  and  that  the  arm- 
ature conductors  cutting  this  magnetic  field  will  gener- 
ate e.m.fs.  just  as  when  cutting  any  magnetic  field. 
From  consideration  of  the  armature  magnetomotive 
force  alone,  the  flux  or  field  set  up  by  this  winding 
would  have  a  maximum  value  over  those  armature  con- 
ductors which  are  connected  to  the  brushes.  If  the  mag- 
netic conditions  or  paths  surrounding  the  armature  were 
equally  good  at  all  points,  this  would  be  true.  However, 
with  the  usual  interpolar  spaces  in  direct-current  ma- 
chines, the  magnetic  paths  above  the  commutated  coils 
are  usually  of  higher  reluctance  than  elsewhere.  How- 
ever, whatever  the  magnetic  conditions,  the  tendency  of 
the  armature  magnetomotive  force  is  to  establish  mag- 
netic fluxes  and,  if  any  field  is  established  in  the  com- 
mutating  zone  by  the  armature  winding,  those  armature 
coils  cutting  this  field  will  have  e.m.fs.  generated  in  them 
proportional  to  the  field  which  is  cut.     As  part  of  this 

*Based  on  a  paper  read  before  the  American  Institute  of 
Electrical  Engineers,  Sept.,  1915. 


armature  flux  is  across  the  armature  slots  themselves, 
and  part  is  around  the  end  windings,  both  of  which  are 
practically  unaffected  by  the  magnetic  path  in  the  inter- 
polar space  above  referred  to,  obviously,  no  matter  how 
poor  the  magnetic  paths  in  the  interpolar  space  above 
the  core  may  be,  there  will  always  be  e.m.fs.  generated 
on  account  of  that  part  of  the  armature  flux  which  is  not 
affected  by  those  paths.  In  the  coils  short-circuited  by 
the  brushes,  these  e.m.fs.  will  naturally  tend  to  set  up 
local  or  short-circuit  currents  during  the  interval  of 
short-circuit. 

In  good  commutation,  as  the  commutator  bars  con- 
nected to  the  two  ends  of  an  armature  coil  which  is  car- 
rying current  in  a  given  direction  pass  under  the  brush, 
the  current  in  the  coil  itself  should  die  down  at  practi- 
cally a  uniform  rate,  to  zero  value  at  a  point  correspond- 
ing to  the  middle  of  the  brush,  and  it  should  then  in- 
crease at  a  uniform  rate  to  its  normal  value  in  the  oppo- 
site direction  by  the  time  that  the  short-circuit  is  opened 
as  the  coil  passes  from  under  the  brush.  This  may  be 
considered  as  ideal  commutation. 

If  no  corrective  actions  are  present,  the  coil  while 
under  the  brush  tends  to  carry  current  in  the  same  direc- 
tion as  before  its  terminals  were  short-circuited.  In  ad- 
dition, the  short-circuit  current  induced  in  the  coil,  due 
to  cutting  the  armature  flux,  tends  to  add  to  the  work 
current  before  reversal  occtirs.  The  resultant  current  in 
the  coil  thus  tends  to  have  an  increased  value,  so  that  the 
conditions  at  the  moment  that  the  coil  passes  out  from 
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uniJer  the  short-circuiting  brush  are  much  worse  than  if 
no  short-circuit  were  generated,  since  the  reversal  of 
the  current  is  ahnost  instantaneous  instead  of  being 
gradual  as  called  for  by  the  ideal  commutation.  How- 
ever, the  introduction  of  resistance  into  the  local  circuit 
greatly  assists  in  the  reversal. 

The  ideal  condition  is  obtained  by  the  introduc- 
tion of  an  opposing  e.m.f.  into  the  local  short-circuited 
path,  thus  neutralizing  the  tendency  of  the  work  cur- 
rent to  continue  in  its  former  direction.  As  this  oppos- 
ing e.m.f.  must  be  in  the  reverse  direction,  it  follows 
that  it  is  necessary  to  provide  a  magnetic  field  oppo- 
site in  direction  to  the  armature  field  for  setting  up 
the  commutating  current.  This  may  be  obtained  in  vari- 
ous ways,  such  as  shifting  the  brushes  forward  (or  back- 
ward) until  the  commutated  coil  comes  under  an  ex- 
ternal field  of  the  right  direction  and  value ;  or  a  special 
commutating  field  of  the  right  direction  and  value  may 
be  provided.  When  shifting  is  used,  only  average  con- 
ditions may  be  obtained  for  different  loads ;  whereas, 
with  suitable  commutating  poles,  sufficiently  correct 
commutating  e.m.fs.  can  be  obtained  over  a  wide  range 
of  operation.  In  practice,  it  is  difficult  to  obtain  mag- 
netic conditions  such  that  an  ideal  neutralizing  e.m.f.  is 
generated.  However,  the  use  of  a  relatively  high  resist- 
ance in  the  short-circuited  path  of  the  commutated  coil 
very  greatly  simplifies  the  problem.  If  the  resistance  of 
the  coil  itself  were  the  only  limit,  then  a  relatively  low 
magnetic  field  cut  by  the  short-circuited  coil  would  gen- 
erate sufficient  e.m.f.  to  circulate  an  excessively  large 
local  current.  Since  such  current  might  be  from  lo  to  50 
times  as  great  as  the  normal  work  current,  depending 
upon  the  size  of  machine,  it  would  necessarily  add  to  the 
difficulties  of  commutation  whether  it  is  in  the  same  di- 
rection as  the  work  current  or  in  opposition. 

To  illustrate  the  effect  of  resistance,  assume  a  short- 
circuit  e.m.f.  in  the  commutated  coil  of  two  volts,  and 
also  assume  that  a  copper  brush  of  negligible  resistance 
short-circuits  the  coil,  so  that  the  resistance  of  the  short- 
circuited  coil  itself  practically  limits  the  current  to  a 
value  20  times  as  large  as  the  work  current.  Now  re- 
place this  brush  with  one  having  20  times  the  resistance 
of  the  coil.  Then  the  total  resistance  in  circuit  is  such 
that  the  short-circuit  current  is  cut  down  to  a  value 
about  equal  to  that  of  the  work  current.  This  at  once 
gives  a  much  easier  condition  of  commutation,  even 
without  any  reversing  field.  Thus  a  relatively  high  re- 
sistance brush— or  brush  contact — is  of  great  help. 

It  is  in  its  high  contact  resistance  that  the  carbon 
brush  is  such  an  important  factor  in  the  commutating 
machine.  Usually,  it  is  the  resistance  of  the  brush  that 
is  referred  to  as  an  important  factor  in  assisting  com- 
mutation. In  reality,  it  is  the  resistance  of  the  con- 
tact between  the  brush  and  commutator  face  which 
nnist  he  considered,  and  not  that  of  the  brush  itself, 
which  usually  is  of  much  lower  resistance,  relatively.* 

_  *The  terms  "brush  resistance"  and  "brush  drop"  are  used  to 
indicate  contact  resistance  and  contact  drop,  respectively,  unless 
otherwise  specified. 


SHORT-CIRCUIT   VOLTS    PER    COMMUTATOR    BAR 

As  Stated  before,  the  armature  short-circuit  e.m.f. 
per  coil,  or  per  conmiutator  bar,  is  due  to  cutting  a  num- 
ber of  different  magnetic  fluxes,  such  as  those  of  the  end 
windings,  those  of  the  armature  slots,  and  those  over 
the  armature  core  adjacent  to  the  commutating  zone. 
These  fluxes  represent  different  conditions  and  dis- 
tributions, and  therefore  the  individual  e.m.fs.  gener- 
ated by  them  may  not  be  coincident  in  time  phase.  There- 
fore, the  resultant  e.m.f.  usually  may  not  be  represented 
by  any  simple  graphical  or  mathematical  expression. 

When  an  external  flux  or  field  is  superimposed  on 
the  armature  in  the  commutating  zone,  it  may  be  con- 
sidered as  setting  up  an  additional  e.m.f.  which  may  be 
added  to,  or  subtracted  from,  the  resultant  short-circuit 
e.m.f.  due  to  the  armature  fluxes.  For  purposes  of 
analysis,  there  are  advantages  in  considering  that  all  the 
e.m.fs.  in  the  short-circuited  armature  coil  are  gener- 
ated separately  by  the  various  fluxes.  A  better  quanti- 
tative idea  of  the  actions  which  are  taking  place  is  thus 
obtained,  and  the  permissible  limitations  are  more  easily 
seen.t  In  practice,  on  account  of  the  complexity  of  the 
separate  elements  which  make  up  the  apparent  short- 
circuit  e.m.f.,  it  is  very  difficult,  or  in  many  cases,  im- 
possible, to  neutralize  or  balance  it  entirely  at  all  instants 
by  means  of  an  e.m.f.  generated  by  an  extraneous  field 
or  flux  of  a  definite  distribution.  Therefore,  it  should 
be  borne  in  mind  that,  in  practice,  only  an  approximate 
or  average  balance  between  the  two  component  e.m.fs. 
is  possible.  With  such  average  balance  there  are  liable 
to  be  all  sorts  of  minor  pulsations  in  e.m.f.  which  tend  to 
produce  local  currents  and  which  must  be  taken  care  of 
by  means  of  the  brush  resistance.  Therefore,  brushes  of 
high  enough  resistance  to  take  care  of  the  short-circuit 
e.m.f.  pulsations  are  a  requisite  of  the  present  tvpes  of 
direct-current  machines.  These  pulsating  e.m.fs.  will 
result  in  high  frequency  local  currents,  which  have  a 
harmful  influence  on  commutation.  They  may  be  as- 
sumed to  be  roughly  related  in  value  to  the  apparent 
short-circuit  volts  generated  by  the  armature  conductor. 
As  the  currents  set  up  by  these  pulsations  must  be  lim- 
ited largely  by  the  brush  contact  resistance,  it  is  obvious 
that  there  is  a  limit  to  the  pulsations  in  voltage,  beyond 
which  the  current  set  up  by  them  may  be  harmful.  Ex- 
perience has  shown  that  in  commutating  pole  machines 
the  apparent  short-circuit  voltages  per  turn  may  be  as 
high  as  4  to  4.5  volts,  with  usually  but  small  evidence  of 
local  high  frequency  currents. 

The  contact  drop  between  brush  and  commutator 
with  the  usual  brushes  is  about  i  to  1.25  volts.  The 
drop  is  not  directly  proportional  to  the  current,  but  in- 
creases slowly  with  considerable  increases  in  current. 
For  instance,  with  20  amperes  per  sq.  in.  in  a  given 
brush,  the  contact  drop  may  be  one  volt ;  at  40  amperes 
it  may  be  1.25  volts,  while  at  100  amperes  it  may  be  1.4 


tAs  that  component,  due  to  cutting  tlie  various  armature 
flu.xes,  will  be  referred  to  very  f-equently  hereafter,  it  will  be 
called  the  "apparent"  armature  short-circuit  e.m.f.  per  coil,  or 
in  abbreviated  form,  "the  apparent  short-circuit  e.m.f." 
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volts  and,  with  materially  higher  currents,  it  may  in- 
crease but  little  further.  In  some  ways  this  peculiar 
property  of  the  brush  contact  is  very  much  of  a  disad- 
vantage. For  instance,  if  the  local  currents  are  to  be 
limited  to  a  comparatively  low  density,  the  voltages  gen- 
erating such  currents  must  be  kept  comparatively  low. 
With  the  above  brush  contact  characteristics,  two  volts 
would  allow  a  local  current  of  20  amperes  per  square 
inch  to  flow  (there  being  one  volt  drop  from  brush  to 
commutator  and  one  volt  back  to  the  brush).  If,  how- 
ever, the  local  voltage  is  three  volts  instead  of  two,  or 
only  50  percent  higher,  then  a  local  current  of  possibly 
150  to  200  amperes  per  square  inch  may  flow.  It  may 
be  assumed  in  general  that  the  lower  the  apparent  short- 
circuit  voltage  per  armature  conductor,  the  lower  the 
pulsations  in  this  voltage  are  liable  to  be.  Assuming, 
therefore,  as  a  rough  approximation  a  50  percent  pulsa- 
tion as  liable  to  occur,  then,  from  the  standpoint  of  brush 
contact  drop,  the  total  apparent  voltage  of  the  commu- 
tated  coil  in  continuous  service  machines  should  not  be 
more  than  4  to  4.5  volts. 

As  the  main  advantage  of  the  carbon  brush  is  that  it 
limits  the  amount  of  short-circuit  current,  it  might  be 
questioned  whether  such  advantage  might  not  be  carried 
much  further  by  using  higher  short-circuit  voltages  and 
proportionately  greater  resistance.  However,  there  are 
reasons  why  this  cannot  be  done.  The  carbon  brush  is  a 
resistance  in  the  path  of  the  local  current,  but  it  is  also 
in  the  path  of  the  work  current.  As  the  brush  resistance 
is  increased,  the  greater  is  the  short-circuit  voltage  which 
can  be  taken  care  of  with  a  given  limit  in  short-circuit 
current,  but  at  the  same  time  the  loss  due  to  the  work 
current  is  increased.  Decreasing  the  resistance  of  the 
brush  contact  increases  the  loss  due  to  the  short-circuit 
current,  but  decreases  that  dvie  to  the  work  current. 
Thus,  in  each  individual  case,  there  is  some  particular 
brush  resistance  which  gives  minimum  loss.  In  some 
machines  a  low  resistance  brush  is  practicable,  with  con- 
sequent low  loss  due  to  work  current.  In  other  cases 
higher  resistance  brushes  give  better  average  results.  In 
non-commutating  pole  machines  where  only  average 
commutating  fluxes  are  obtainable,  the  resistance  of  the 
brush  is  usually  of  more  importance  than  in  the  com- 
mutating pole  type,  for  in  the  latter  a  means  is  provided 
for  controlling  the  value  of  the  short-circuit  current. 
However,  advantage  has  been  taken  of  this  latter  fact  to 
such  an  extent  in  modern  commutating  pole  machines 
that  the  critical  or  best  brush  resistance  has  again  be- 
come a  very  important  condition  of  design  and  oper- 
ation. 

"apparent"  short-circuit  e.m.f.  per  brush 

The  preceding  considerations  lead  up  to  another  lim- 
itation, namely,  the  total  e.m.f.  short-circuited  by  the 
brush.  This  again  may  be  considered  as  being  made  up 
of  two  components, — the  average  short-circuit  e.m.f.  per 
bar  times  the  average  number  of  bars  covered  by  the 
brush,  hereafter  called  "The  apparent  short-circuit  e.m.f. 
per  brush  ;"  and  the  e.m.f.  per  bar  generated  by  the  com- 


mutating field  times  the  average  number  of  bars  covered 
by  the  brush. 

As  has  been  shown,  ordinary  carbon  brushes  can 
short-circuit  2  to  2.5  volts  without  excessive  local  current. 
Obviously,  if  the  resultant  e.m.f.  generated  in  all  the 
coils  short-circuited  by  the  brush,  that  is,  the  resultant 
of  the  short-circuit  e.m.fs.  due  to  both  the  armature  and 
the  commutating  field  is  much  larger  than  2.5  volts,  large 
local  currents  will  flow.  Therefore,  in  a  commutating 
pole  machine,  for  instance,  the  strength  of  the  com- 
mutating pole  field  should  always  be  such  that  it  also 
neutralizes  the  total  short-circuit  e.m.f.  across  the  brush 
within  a  limit  represented  by  the  brush  contact  drop,  in 
order  to  keep  within  the  limits  of  permissible  local  cur- 
rents. With  very  low  resistance  brushes,  the  propor- 
tioning of  the  commutating  field  for  neutralization  of  the 
apparent  brush  e.m.f.  would  have  to  be  much  closer  than 
with  higher  resistance  brushes.  Moreover,  not  only 
should  this  e.m.f.  generated  hy  the  commutating  flux 
balance  the  total  short-circuit  voltage  across  the  brush 
within  these  prescribed  limits,  but  these  limits  should  not 
be  exceeded  anywhere  under  the  brush. 

It  might  be  assumed  that,  if  there  is  a  pulsation  of 
two  volts  per  coil,  the  total  pulsation  would  be  equal  to 
this  value  times  the  average  number  of  coils  short- 
circuited.  However,  this  in  general  is  not  correct,  as  the 
e.m.f.  pulsations  for  the  different  coils  are  not  in  phase, 
and  their  resultant  may  be  but  little  larger  than  for  a 
single  coil.  Based  upon  the  foregoing  considerations, 
the  limiting  values  of  the  apparent  brush  e.m.f.  may  be 
approximated  as  follows :  Assume  ordinary  carbon 
brushes  with  i  to  1.25  volts  droj)  with  permissible  cur- 
rent densities — that  is,  with  2  to  2.5  volts  opposing 
action  as  regards  local  currents.  Also  assume,  for  ex- 
ample, an  apparent  brush  short-circuit  e.m.f.  of  5  volts,, 
with  brush  resistance  sufficient  to  take  care  of  2.5  volts. 
Then  the  total  e.m.f.  due  to  the  commutating  flux 
need  not  be  closer  than  50  percent  of  the  theoretically 
correct  value,  with  permissible  local  currents.  This 
is  a  comparatively  easy  condition,  for  it  is  a  rela- 
tively poor  design  of  machine  in  which  the  commu- 
tating pole  strength  cannot  be  l)rought  within  50  per- 
cent of  the  correct  value.  Assuming  next,  an  apparent 
e.m.f.  of  ID  volts,  then  the  commutating  pole  must 
be  proportioned  within  25  percent  of  the  right  value. 
In  practice,  this  also  appears  to  be  feasible,  without 
undue  care  and  refinement  in  proportioning  the  com- 
mutating field.  If  this  machine  never  carried  any  over- 
load this  25  percent  approximation  would  represent  a 
relatively  easy  condition,  for  experience  has  shown  that 
proportioning  within  10  percent  is  obtainable  in  some- 
cases,  which  should  allow  an  apparent  brush  e.m.f.  of 
25  volts  as  a  limit.  However,  experience  also  shows 
that  this  latter  is  a  comparatively  sensitive  condition 
which,  while  permissible  on  short  peak  loads,  is  not  sat- 
isfactory for  normal  conditions.  Where  such  close  ad- 
justment is  necessary  to  keep  within  the  brush  correct- 
ing limits,  any  rapid  changes  in  load  are  liable  to  result 
in   sensitive   commutating  conditions,   for   the  commu- 
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tatiiig  pole  flux  does  not  always  rise  and  fall  exactly  in 
time  with  the  armature  flux,  and  thus  momentary  un- 
balanced conditions  of  possibly  as  high  as  lo  or  12  volts 
might  occur  with  an  apparent  brush  e.m.f.  of  25  volts. 
Also,  very  slight  saturation  in  the  commutating  pole 
magnetic  circuit  may  have  an  unduly  large  influence  on 
unbalancing  the  e.m.f..  conditions.  In  other  words,  the 
apparent  brush  short-circuit  and  neutralizing  e.ni.fs. 
must  not  be  unduly  high  compared  with  the  permissible 
corrective  drop  of  the  brushes.  Experience  shows  that 
an  apparent  e.m.f.  of  10  volts  across  the  brush  in  well- 
designed  commutating  pole  machines  is  usually  very  sat- 
isfactory, while,  in  occasional  cases,  12  to  13  volts  give 
fair  results  on  large  machines  and,  in  rare  cases,  as  high 
as  15  to  18  volts  have  been  allowed  on  small  machines  at 
normal  rating.  However,  overloads,  in  some  cases,  limit 
this  permissible  apparent  brush  voltage.  As  a  rule,  30 
volts  across  the  brush  on  extreme  overload  is  permissi- 
ble, but  usually  this  is  accompanied  by  some  sparking. 
Under  such  overload  conditions,  doubtless  unbalancing 
of  three  volts  or  more  may  be  permissible,  and  thus,  with 
30  volts  to  be  neutralized,  this  means  about  90  percent 
theoretically  correct  proportioning  of  the  commutating 
pole  flux. 

Usually  it  has  been  assumed  that  the  decrease  in 
contact  resistance  of  carbon  and  graphite  brushes  with 
mcrease  in  temperature  is  in  some  ways  related  to  the 
negative  temperature  coefficient  of  carbon  and  graphite. 
But  this  is  not  necessarily  the  case,  for  similar  changes 
in  the  contact  drop  have  been  found  with  materials  other 
than  carbon,  which  actually  had,  in  themselves,  positive 
temperature  coefificients.  Aloreover,  in  some  tests,  the 
changes  in  contact  resistance  with  increase  in  tempera- 
ture have  proved  to  be  much  greater  in  proportion  than 
occurs  in  the  carbons  themselves.  In  some  cases  the 
measured  drops  with  temperature  increases  of  less  than 
100  degrees  C.  decreased  to  one-half  or  one-third  of  the 
drops  measured  cold. 

Obviously,  these  decreased  contact  resistances  or 
drops  may  have  a  very  considerable  effect  on  the  amount 
of  local  current  which  can  flow  and,  therefore,  in  such 
cases,  the  foregoing  general  deductions  should  be  modi- 
fied accordingly.  However,  the  results  are  so  atlected  by 
the  oxidation  of  the  copper  connnutator  face,  and  other 
conditions  also  more  or  less  dependent  upon  temperature, 
that,  as  yet,  no  definite  statement  can  be  made  regarding 
the  practical  effects  of  increase  in  temperature  except 
the  general  one  that  the  resistance  is  usually  lowered  to 
a  considerable  extent.  Apparently,  oxidation  of  the 
copper  face  tends  toward  higher  contact  resistance.  Oft- 
times  "sanding  off"  the  glaze  tends  to  give  poorer  com- 
mutation. The  above  points  to  one  explanation  of  this. 
In  the  foregoing  the  limits  for  the  apparent  short- 
circuit  e.m.f.  per  bar  and  per  brush  have  been  based 
upon  the  brush  contact  resistance.  However,  it  may  be 
suggested  that  something  other  than  the  brush  contact 
resistance  might  be  used  for  limiting  the  local  current, 
and  thus  the  commutating  limits  might  be  raised.     For 
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nistance,  an  armature  winding  could  be  completely 
closed  on  itself,  with  high  resistance  leads  carried  from 
the  winding  to  the  commutator  bars.  Each  of  such  leads 
would  be  in  circuit  only  when  the  brushes  touched  the 
commutator  bars.  Thus  there  could  be  very  consider- 
able resistance  in  each  lead  without  greatly  increasing 
the  total  losses ;  and,  unlike  the  brushes,  each  lead  would 
be  in  circuit  only  for  a  very  small  proportion  of  the  time. 
About  ten  years  ago  the  writer  designed  a  non- 
connnutating  pole  direct-current  turbo-generator  with 
such  resistance  leads  connected  between  the  winding  and 
the  commutator.  The  leads  were  placed  in  the  armature 
slots  below  the  main  armature  winding.  The  idea  was 
to  have  sufficient  resistance  in  circuit  with  the  short- 
circuited  coils  so  that  the  brushes  at  no  load  could  be 
thrown  well  forward  into  a  field  flux  sufficient  to  pro- 
duce good  commutation  at  heavy  load,  even  if  very  low 
resistance  brushes  were  used.  Tests  of  this  machine 
showed  that  the  non-sparking  range,  with  the  brushes 
shifted  either  forward  or  back  of  the  neutral  point  w^as 
very  much  greater  than  in  an  ordinary  machine.  In  this 
case  it  developed  that  the  leads  were  of  too  high  resist- 
ance for  practical  purposes,  as  the  armature  ran  too  hot, 
the  heat-dissipating  conditions  in  a  small  direct-current 
turbo-armature  not  being  any  too  good  at  best.  These 
tests,  however,  indicate  one  possibility  in  the  way  of  in- 
creasing the  present  limits  of  voltage  per  bar  and  volts 
across  the  brush.  Moreover,  such  resistances  can  have 
a  positive  temperature  coefficient  of  resistance,  instead 
of  the  negative  one  of  the  carbon  brushes  and  contacts. 
Also,  the  corrective  action  in  limiting  local  currents 
w^ould  vary  directly  with  the  current  over  any  range,  and 
not  reach  a  limit,  as  in  carl)on  brushes. 

Considerable  experience  with  resistance  leads  in 
direct-current  operation  has  also  been  obtained  in  large 
alternating-current  commutator  type  railway  motors,  de- 
signed for  operation  on  both  alternating  and  direct- 
current  circuits.  Apparently  these  leads  have  a  very 
appreciable  balancing  action  as  regards  division  of  cur- 
rent between  brush  arms  in  parallel.  With  but  few- 
brushes  per  arm,  it  appears  that  very  high  current  densi- 
ties in  the  brushes  can  be  used  without  undue  glowing  or 
honeycombing.  Presumably  the  reduction  in  short- 
circuit  current,  when  operating  on  direct  current,  also 
has  much  to  do  with  this.  Some  special  tests  were  made 
along  this  line,  and  it  was  found  that  a  very  low  resist- 
ance in  the  leads,  compared  with  that  which  was  best 
for  alternating-current  operation,  was  sufficient  to  exert 
quite  a  decided  balancing  between  the  brush  arms. 

With  properly  proportioned  resistance  leads,  it 
should  be  possible  to  use  very  low  resistance  brushes 
and  relatively  high  current  densities.  Advantage  of  this 
might  be  taken  in  various  ways.  There  may  prove  to  be 
serious  mechanical  objections  to  such  arrangements. 
However,  if  the  objections  are  not  too  serious,  the  use 
of  resistance  leads  in  this  manner  may  be  practiced  at 
some  future  time  as  more  extreme  designs  are  ap- 
proached. 


Small  High-Speed  Steam  Turbines 


H.  D.  Storer 

Power  Department, 

Westinghouse  Electric  &  Mfg.  Company 

THE  steam  turbine  first  achieved  its  prominence  in 
the  larger  capacities.  The  first  commercially  suc- 
cessful machine  was  of  400  kilowatts  normal  ca- 
pacity, and  very  soon  turbines  were  built  in  sizes  from 
that  up  to  10  000  kilowatts  or  more,  in  a  few  years  re- 
placing almost  entirely   reciprocating  engines   in   these 
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larger  capacities  where  the  service  was  the  driving  of 
alternating-current  generators. 

Naturally,  the  turbine  builders  began  to  consider  the 
large  field  for  units  of  small  size.  They  were  con- 
fronted with  fundamental  difficulties.  The  small  tur- 
bine, in  order  to  be  economical,  must  run  at  high  speed, 
and  the  various  classes  of  apparatus  to  be  driven,  such 
as  direct-current  generators,  pumps,  blowers,  etc.,  are 
comparatively  slow-speed  devices,  hmited  in  their  speed 
not  only  by  mechanical  considerations,  but  on  the  score 
of  efficiency  also.  The  manufacturers,  therefore,  were 
confronted  with  this  wide  discrepancy  in  speeds  between 
the  turbine  and  the  devices  to  be  driven.  The  result 
was  a  compromise  between  the  two,  in  which  the  manu- 
facturer brought  his  turbine  speed  down  lower  than  he 
wished  to,  and  oftentimes  the  manufacturer  of  the 
driven  device  brought  his  speed  up  in  excess  of  the  ideal 
speed  at  which  it  should  run.  For  this  reason  many 
small  turbines  were  put  in  use  which  were  fairly  subject 
to  the  criticism  of  uneconomical  operation.  For  a  period, 
therefore,  the  small  turbine  was  generally  considered  not 
to  be  competitive  with  the  small  reciprocating  engine. 

The  field  for  small  turbines  was  very  large.  Almost 
anyone  would  prefer  a  turbine  to  a  reciprocating  engine, 
from  the  standpoint  of  the  type  of  prime  mover  alone ; 
it  was  more  reliable,  it  was  much  easier  to  operate,  it 
took  up  less  space,  and  essentially  it  would  seem  to  be  a 
less  expensive  machine  to  install.  The  problem,  there- 
fore, was  to  effect  the  desired  improvement  in  economy. 
This  was  accomplished  by  the  introduction  of  the  reduc- 


tion gear.  Gears  are  operating  now  in  all  classes  of 
service,  in  all  sizes.  Beyond  any  question,  they  have 
proved  their  mechanical  sufficiency  for  any  purpose. 
Their  mechanical  efficiency  averages  about  98  percent, 
the  loss  being  negligible.  The  use  of  reduction  gears 
permits  both  the  turbine  and  the  driven  device  to  run  at 
the  speeds  which  will  produce  the  highest  economy,  so 
that  the  application  of  the  turbine  to  many  purposes  is 
now  easily  and  successfully  accomplished. 

The  prime  requisites  of  a  successful  small  turbine  are 
simplicity  and  reliability  of  operation,  good  economy  and 
a  reasonable  price.  None  of  the  well-known  designs 
employed  in  large  turbines  met  the  requirements ;  if  the 
steam  consumption  were  kept  down  the  price  had  of 
necessity  to  be  high,  and  conversely  if  the  price  were 
reasonable  the  steam  consumption  was  too  high.  These 
considerations  led  the  designers  of  Westinghouse  tur- 
bines to  adopt  for  non-condensing  service  a  type  the 
general  principles  of  which  are  shown  in  Fig.  i.  A 
single  wheel  or  disc,  on  which  is  mounted  a  single  row 
of  blades,  constitutes  the  revolving  element.  High- 
pressure  steam  is  admitted  to  the  nozzle  shown  on  the 


\ 

/ 

/ 

\ 

/ 

' 

/ 

/ 

/ 

/ 

, 

"•"■=  si^ 

FIG.  2 — CLRVE  SHOWING  EFFICIENCY  WITH  VARYINX  RATIO  OF  lil.ADE 
SPEED  TO  STEAM   SPEED 

right  of  the  wheel  and  is  expanded  in  the  nozzle  to  the 
pressure  of  the  exhaust,  the  energy  of  the  steam  between 
the  two  pressures  being  transformed  into  velocity.  As- 
suming saturated  steam  with  an  inlet  pressure  of  100 
lbs.  gage,  and  an  exhaust  pressure  of  5  lbs.  gage,  the 
available  heat  drop  is  130.7  B.t.u.,  which,  when  trans- 
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formed  into  velocity  with  a  nozzle  efficiency  of  90  per- 
cent, is  equivalent  to  2290  feet  per  second.  Steam  at  this 
velocity  is  directed  by  the  nozzle  against  the  blades  of  the 
revolving  element  which  take  up  a  part  of  the  velocity, 
transforming  it  into  work  or  power  on  the  turbine  shaft. 
The  steam  leavins;-  the  blades  passes  into  the  reversing 


FIG.    3 — 100    KILOWATT,   220O   R.P.M.,   DIRECT-CURRENT    TURBO- 
GENERATOR  SET,  DIRECT  CONNECTED 

chamber  shown  on  the  left  of  the  wheel  (Fig.  i),  where 
its  direction  is  reversed  and  it  is  again  guided  to  the 
blades  of  the  revolving  element,  through  which  it  passes 
for  the  second  time,  giving  up  still  more  velocity  which 
is  converted  into  work.  After  passing  through  the  blades 
the  second  time  the  steam  leaves  the  turbine  through  the 
exhaust  pipe. 

As  already  indicated,  turbines  of  this  type  were  at 
first  directly  connected  to  the  driven  apparatus  whose 
speed  determined  the  speed  of  the  unit.  In  practically 
every  case  this  speed  was  lower  than  the  desirable  speed 
for  the  turbine,  whose  steam  consumption  was  handi- 
capped accordingly.  How  much  this  handicap  amounted 
to  may  be  determined  approximately  from  Fig.  2,  which 
shows  the  ratio  of  blade  speed  to  steam  speed  plotted 
against  the  resulting  efficiency,  usually  termed  hydraulic 
efficiency.  While  the  hydraulic  efficiency  alone  does  not 
determine  tine  water  rate  of  the  turbine,  it  is  by  far  the 


speed,  assuming  90  percent  nozzle  efficiency,  will  be  2290 
feet  per  second,  and  the  ideal  blade  speed  would  be  665 
feet  per  second.  When  limited  to  the  speed  of  the 
driven  apparatus,  such  a  blade  speed  as  this  would  mean 
that  the  turbine  wheel  or  disc  would  have  to  be  very 
large  in  diameter  and  consequently  expensive.  If  the 
disc  1)e  iiiaiK-  tnci  l.srire.  another  factor  serinnslv  affects 


FIG.   5 — UIRECT-CURRENT  GEARED   TURBO-GENERATOR   SET   WITH 
HAND-OPERATED  NOZZLES 

the  water  rate,  namely,  the  friction  loss  caused  by 
revolving  a  large  disc  at  high  peripheral  speed  in  steam 
at  the  exhaust  pressure.  So  serious  does  this  loss  be- 
come that  if  we  use  a  disc  greater  than  a  certain  diam- 
eter at  a  given  speed,  the  loss  due  to  friction  of  the  disc 
is  greater  than  the  gain  in  hydraulic  efficiency  due  to 
higher  blade  speed. 

These  facts  made  necessary  a  compromise  in  the  case 
of  directly-connected  turbines  and  blade  speeds  consid- 
erably below  the  ideal  were  used.  For  example,  the  100 
kw  unit  shown  in  Fig.  3  runs  at  2200  r.p.m.  (the  highest 
speed  at  which  satisfactory  commutation  could  be  se- 
cured), had  a  mean  diameter  of  40.5  in.  and  a  blade 
speed  of  388  feet  per  second.  With  a  steam  pressure  of 
100  lbs.  gage  and  5  lbs.  back  pressure,  the  ratio  of  blade 
speed  to  steam  speed  was  0.169  and  the  resulting 
hydraulic  efficiency  62.5  percent.  The  gain  in  efficiency 
due  to  lower  disc  friction  is  noteworthy.     In  the  case  of 


FIG.    4 — SMALL    GEARED    DIRECT-CURRENT    TURBO-GENERATOR    SET 


KKNATING-CURRENT  GEARED  TURBO-' 


most  important  factor  in  the  type  of  turbine  discussed  in  the   40.5    in.    wheel   at   388    feet   blade   speed,   the   disc 

this   article.      Referring   to   Fig.   2,   it   is   seen   that   the  friction  was  the  equivalent  of   12  brake  hp.     With  the 

maximum  obtainable  hydraulic  efficiency  (72.5  percent)  present  design  using  a  reduction  gear  the  disc  friction  is 

is  reached  when  the  blade  speed  is  0.29  of  the  steam  onlv  3.8  hp. 

speed.      If   the  operating   conditions   be    100   lbs.   gage  The  introduction  of  the  high-speed  reduction  gear 

steam  pressure  and  5  lbs.  gage  back  pressure,  the  steam  ,nn^e  years  ago  removed  the  chief  difficulty  under  which 
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this  type  of  turbine  has  struggled,  that  of  limitation  as 
to  speed.  The  first  reduction  gear  built  by  the  Westing- 
house  companies  was  put  into  service  early  in  1910.  It 
drove  a  500  kw  direct-current  generator,  the  turbine 
speed  being  3600  and  the  generator  speed  720  r.p.ni. 
Since  that  time  the  Westinghouse  companies  alone  have 
installed,  on  order  and  building,  an  aggregate  of  more 
than  quarter  of  a  million  horse-power,  the  capacity  of 
the  gears  varying  from  15  to  22  000  horse-power.  They 
are  used  for  many  dififerent  purposes,  from  driving  gen- 
erators to  driving  the  propellers  on  board  ship. 

Figs.  4,  5  and  6  show  the  latest  types  of  small 
turbine-gear-generator  units.  In  each  case  a  turbine 
speed  is  chosen  which  will  give  practically  ideal  blade 
speed  in  combination  with  a  disc  or  wheel  of  proper 
diameter,  making  a  very  efificient  turbine.  Standard  gen- 
erators of  most  suitable  speed  for  high  efficiency,  good 
mechanical  construction  and  moderate  cost  are  used,  and 
a  reduction  gear  of  the  proper  ratio  to  connect  the  two 
completes  the  set.    Fig.  7  shows  a  cross-section  through 


FIG.   7 — PLAN   .\ND  VERTICAL   SECTION   OF  TYPICAL   GEARED   SET   WITH 
HAND-OPERATED  NOZZLES 

a  typical  machine.  Several  features  of  construction  are 
worthy  of  special  comment.  The  base  of  the  gear  case 
forms  an  oil  reservoir  for  the  whole  unit.  A  simple 
cooling  coil,  through  which  water  is  circulated,  keeps  the 
oil  at  the  proper  temperature.  The  oil  pump,  which  is 
immersed  in  oil  and  is  driven  by  a  hollow  extension  of 
the  governor  spindle  from  the  gear  shaft,  pumps  the  oil 
through  this  hollow  spindle,  thoroughly  lubricating  the 
governor.  The  oil  then  flows  to  a  strainer  located  on  top 
of  the  gear  case,  and  from  this  point  it  flows  to  the  bear- 
ings by  gravity  and  drains  from  there  back  into  the 
bottom  of  the  gear  case,  where  it  is  cooled  and  recircu- 
lated. The  oil  may  be  replenished  or  a  part  of  it  drawn 
of?  for  inspection  while  the  unit  is  in  operation. 

All  parts  of  the  unit  are  easy  of  access  for  inspection 
or  repair.  The  governor  is  of  the  well-known  direct- 
acting  flyball  type,  operating  a  throttling  valve  which 
maintains  at  the  inlet  to  the  nozzle  the  proper  steam 


pressure   to   carry    the    load    within    the   limits    of    the 
machine. 

Steam  to  the  turbine  first  passes  through  a  hand- 
operated  globe  valve  and  then  to  a  governor-controlled 
throttle  valve.  The  steam  after  leaving  the  valve  divides 
:'nd  passes  to  two  hand-operated  valves  and  thence  to 
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FIG.  8 — WATER  RATE  CfRVES   WITH   DIFFERENT   NOZZLE  OPENINGS 

two  sets  of  nozzles  and  reversing  chambers.  The  rela- 
tive capacities  of  these  nozzles  and  reversing  chambers 
may  be  designed  within  reasonable  limits,  to  suit  the  re- 
quirements of  the  load,  i.  e.,  to  give  the  minimum  steam 
consumption  under  the  load  conditions  to  be  met.  By 
this  scheme  the  turbine  may  be  operated  at  light  loads 
with  a  nozzle  suitable  for  such  loads.  For  heavier  loads 
the  other  nozzle  designed  for  the  purpose  is  used.  For 
overloads  both  nozzles  are  used.  Fig.  8  shows  the  water 
rate  of  a"  200  kw  turbine  generator  unit  (i)  with  both 
nozzles  open,  (2)  with  the  larger  nozzle  only  open,  and 
(3)  with  the  smaller  nozzle  only  open.  It  will  be  seen 
that  the  water  rates  at  light  loads  are  notably  good. 

The  field  of  the  small  high-speed  turbine  and  reduc- 
tion gear  is  by  no  means  limited  to  the  driving  of  electric 
generators.  The  same  principles  that  make  it  excellent 
for  electric  drive  apply  with  equal  force  to  the  driving 


FIG.   9 — CU.NUEiNSEK  rUMl'  GEARED   Ti'  TUKlilNE 

of  centrifugal  pumps,  blowers  and  other  apparatus  of 
moderate  speed.  Fig.  9  shows  a  turbine  and  gear  driv- 
ing the  pumps  of  a  surface  condenser.  The  addition  of 
the  reduction  gear  in  this  case  made  the  steam  consump- 
tion of  the  turbine  less  than  60  percent  of  what  it  would 
have  been  had  a  directlv-connected  turbine  been  used. 


Reconnecting  Induction  Motors 

A,  M.  Dudley 

Industrial  Engineering  Dept., 

\\'estinghouse  Electric  &  Mfg.  Company 

THE  necessity  for  considering  a  change  in  the  char-  increased,  but  may  decrease  somewhat  faster  than  the 
acteristics  of  a  power  circuit  supplying  induction  speed  when  the  speed  is  being  reduced.  As  a  concrete 
motors  may  arise  naturally  in  a  number  of  ways,  example  of  this  it  may  be  stated  that  a  50  horse-power 
as  for  example,  moving  a  factory  from  one  locality  to  motor  at  600  r.p.m.  may  be  made  to  develop  100  horse- 
another,  discontinuing  an  isolated  plant  to  buy  central  power  at  1200  f.p.m.,  assuming  that  the  mechanical  de- 
station  power  or  raising  the  voltage  on  an  overloaded  -sign  would  stand  the  increased  stresses  due  to  the  in- 
distributing  circuit  to  avoid  the  installation  of  heavier  creased  speed,  but  conversely,  a  motor/originally  de- 
copper.  These  and  similar  good  reasons  give  rise  to 
queries  regarding  the  adaptability  of  the  old  motors  to 
the  new  conditions.  It  is  not  possible  to  keep  within  the 
bounds  of  reasonable,  practical  simplicity  and  still  offer 
general  formulae  which  will  hold  in  all  cases,  but  it  is 
possible  to  cover  in  a  fairly  simple  way  certain  general 
conditions  and  relations  which  have  a  bearing  on  any 
question  of  this  nature.  Considered  in  the  order  of 
their  desirability,  the  possibilities  in  such  cases  are : — 

1 — Motor  operated  under  new  conditions  without  change. 

2 — Reconnection  of  the  old  windings  to  meet  changed  con- 
ditions. 

3 — Supplying  a  complete  set  of  new  coils. 

4 — Supplying  new  laminations  and  also  new  coils. 

An  electric  motor  is  a  means  for  transforming 
energy  in  the  form  of  an  electric  current  into  mechanical 


signed  for  100  horse-power  at  1200  r.p.m.  when  cut 
down  to  600  r.p.m.  might  not  develop  more  than  40 
horse-power  on  account  of  reduced  ventilation. 

It  is  the  object  of  this  article  to  describe  Ijriefly 
what  questions  must  be  considered  to  determine  whether 
the  characteristics  of  a  motor  may  be  changed  in  the 
manner  desired ;  second,  what  the  effect  wall  be  on  the 
windings  of  the  motor  wnth  respect  to  the  number  of 
turns  in  the  coils  and  the  mechanical  form  of  the  coils : 
and  third,  by  what  simple  mechanical  means,  such  as  re- 
connection,  if  possible,  the  desired  change  may  be 
accomplished. 

There  are  certain  simple  fundamental  mechanical 
relations  which  govern  all  motors,  whether  alternating 

„^  or  direct  current.    Tne  idea  given  above  of  the  reaction 

energy  in  the  form  of  rotative  force.     This  torque,  or     of  the  electric  currenj  upon  the  magnetic  field  concerns 
pull  in  pounds  at  one-foot  radius,  is  produced  by  the     the  production  of  a  mechanical  pull  tending  to  rotate  the 


force  exerted  by  a  current  flowing  in  a  conductor  which 
is  located  in  a  magnetic  field.  It  follows  at  once  that 
the  capacity  of  a  motor  to  produce  torque  is  limited 
both  by  the  capacity  of  the  copper  circuit  to  carry  cur- 
rent, or  amperes,  and  the  capacity  of  the  iron  circuit  to 
carry  magnetic  lines  of  force,  or  flux.  The  heating  of  a 
motor  depends  upon  the  amount  of  current  or  flux  which 
is  being  carried  for  a  given  cross-section  of  copper  or 
iron.  It  may  be  assumed  that  in  a  normal  motor  oper- 
ating under  the  conditions  for  which  it  was  designed 
there  is  a  reasonable  current  flowing  in  the  copper  and 
a  reasonable  flux  in  the  iron  which  the  designer  be- 
lieves will  give  the  most  satisfactory  operating  results. 
It  follows,  that  if  changes  are  to  be  made  in  the  voltage, 
frequency,  phase  or  speed  at  which  the  motor  is  to  oper- 
ate, the  number  of  turns  of  copper  must  be  changed  or 
reconnected  so  as  to  preserve  approximately  the  same 
amperes  per  square  inch  in  the  copper  and  the  same 
flux  density  per  square  inch  in  the  iron  that  existed  in 
the  motor  before  the  change  was  made.  This  statement 
is  true  over  a  wide  range  of  conditions,  and  would  be 


movable  member  of  the  motor.  This  pull  is  usuallv 
expressed  in  pounds  at  one-foot  radius.  This  in  turn 
is  expressed  in  horse-power  when  multiplied  b}-  ilii' 
r.p.m.  and  by  27r  and  divided  by  33  000.  As  expressed 
in  an  equation  this  is 


Hoi-se-pozver    = 

and  conversely. 


Torque  X  r.p.m.   X  2t 


33  000. 


Torque    X   r.p.m. 
5252 


Torque 


Horse-power  X  52^2 
r.p.m. 


It  has  been  stated  that  torque  is  proportional  to  the 
current  in  the  conductors  and  flux  in  the  iron,  and  also 
that  in  changing  the  motor  these  quantities  should  be 
kept  as  nearly  as  possible  constant.  The  latter  state- 
ment is  equivalent  to  saying  that  the  torque  will  be  kept 
constant,  and  therefore  that  the  horse-power  will  vary 
directly  with  the  r.p.m.  This  is  another  way  of  saying 
that  while  the  iron  and  the  copper  in  the  motor  are  work- 
ing just  as  hard  and  carrying  the  same  flux  and  the  same 
current  at  all  times,  there  will  be  developed  twice  the 


horse-power  at  twice  the   speed,  or  roughly,  half  the 
true  universally  were  it  not  for  the  fact  that  any  rotating     horse-power  at  half  the  speed. 

machine  keeping  the  same  current  density  in  the  copper  It   is   essential   in   getting  a   clear   conception   of   a 

and  flux  density  in  the  iron  will  in  general  run  hotter  at     motor,   either    for   purposes  of   making  changes   as   at 


slow  speeds  than  at  high  on  account  of  the  reduced 
amount  of  cooling  air  which  the  machine  can  force 
through  its  own  parts.  For  this  reason  it  is  generally 
true  that  the  capacity  of  a  motor  may  increase  in  the 
same  proportion  as  the  speed  w^hen  the  speed  is  being 


present  or  for  other  reasons,  that  a  plain  distinction  be 
made  between  torque  and  horse-power.  It  is  the  func- 
tion of  a  motor  to  produce  torque  or  rotative  force ;  it  is 
incidental  that  when  this  same  force  is  allowed  to  rotate 
at  one  speed  or  another  a  different  horse-power  is  pro- 
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duced.  For  this  reason  it  is  incorrect  in  speaking  of  a 
motor  to  say  "It  required  20  horse-power  to  start  the 
load,"  because,  when  starting,  the  motor  was  practically 
at  a  standstill — there  was  no  rotation,  and  hence  no 
horse-power.  The  motor,  however,  was  taking  current 
and  developing  torque,  and  the  correct  expression  would 
be,  "The  current  taken  at  start  was  equivalent  to  the- 
current  when  developing  20  horse-power  after  the  motor 
is  up  to  speed." 


FIG.   I — DEVELOPED  THREE-PHASE  WINDING 

Thirty-six  slots,  four  poles,  series-star. 

There  is  another  simple  physical  idea  that  is  perhaps 
more  useful  than  any  other  in  keeping  a  clear  idea  of 
changes  in  motor  windings.  This  is  that  either  a  direct- 
current  motor  or  an  induction  motor  is  acting  as  a  gener- 
ator, aside  from  and  in  addition  to  its  motor  action.  To 
think  of  this  it  is  necessary  to  forget  for  the  time  the 
torque  action  between  a  conductor  carrying  current  in  a 
magnetic  field  and  think  of  the  same  conductor  moving 
across  that  field  and  so  cutting  the  flux  and  generating 
voltage.  The  cycle  of  action  up  to  this  point  is  as  fol- 
lows : — First,  the  magnetic  field  is  set  up ;  second,  cur- 
rent flows  in  the  conductors,  producing  torque;  and 
third,  that  torque  moves  the  conductors  across  the  field 
and  this  generates  a  voltage.  This  latter  voltage  is  com- 
monly called  counter  electromotive-force,  and  in  all 
cases  is  practically  equal  to  the  line  or  applied  voltage, 
except  for  a  small  loss  in  the  motor  caused  by  producing 
the  torque.  It  follows  at  once  that  designing  a  motor 
is  primarily  designing  a  generator  for  the  line  voltage. 
With  this  conception  and  the  fundamental  formula  for 
electromotive-force,  it  is  a  simple  matter  to  write  ex- 
pressions showing  how  the  turns  in  a  motor  should  vary 
with  different  line  voltages  and  for  different  speeds,  etc. 

These  are  matters  with  which  the  designing  engineer 
is  chiefly  concerned,  but  they  are  sufficiently  simple  to 
be  borne  in  mind  at  all  times  and  in  themselves  offer  the 
readiest  first-hand  answer  as  to  the  probable  result  of 
operating  a  motor  under  changed  conditions.  Before 
passing  to  the  various  changes  in  detail  it  is  desirable  to 
make  a  classification  of  the  possible  changes  which  may 
be  made. 

CLASSIFICATION    OF    CHANGES 

Some  changes  can  be  made  which  in  their  nature 
leave  the  motor  entirely  normal  and  the  performance  in 
all  essential  respects  remains  the  same  as  before  re- 
connection.  Such  changes,  for  example,  are  represented 
by  connecting  the  polar  groups  of  a  winding  in  series  for 
440  volts  and  in  parallel  for  220  volts.  For  convenience 
these  are  called  class  A  changes. 


A  second  class  of  changes  leaves  the  performance  in 
some  respects  unchanged  and  alters  it  in  others.  These 
may  be  represented  by  operating  a  motor  in  star  on 
440  volts,  as  in  Fig.  3,  and  in  delta  for  220  volts,  as  in 
Fig.  6.  In  this  case  there  is  little  change  in  efficiency 
or  power-factor ;  the  starting  and  maximum  torques, 
however,  are  only  75  percent  of  their  original  values. 
In  such  a  case  the  advisability  of  the  change  depends 
entirely  on  the  work  that  the  motor  is  doing.  If  the 
torques  at  their  altered  values  are  sufficient  to  start  and 
carry  the  driven  load  easily  there  is  no  objection  to  oper- 
ating the  motor  indefinitely  as  so  reconnected,  since  the 
motor  will  not  run  any  warmer  than  before  and  its 
efficiency  and  power-factor  may  be  better.  Such  changes 
are  classified  as  B  changes. 

A  third  class  of  changes  leaves  a  motor  operative  in 
the  sense  of  producing  torque  enough  to  do  the  work 
required,  but  so  alters  its  performance  as  to  heating, 
or  efficiency,  or  power-factor,  or  insulation,  that  it  is 
undesirable  to  leave  the  motor  operating  indefinitely  in 
such  condition.  Such  changes  are  represented  by  taking 
a  three-phase  motor  and  reconnecting  the  coils  as  they 
stand  for  two-phase.  This  is  equivalent  to  operating 
the  three-jjhase  motor  at  125  percent  normal  voltage  and, 
in  addition,  the  coils,  which  should  have  extra  insulation 
where  the  phases  change,  have  only  group  insulation,  as 
explained  under  "phase  insulation."  The  iron  loss  and 
heating  may  be  increased  to  a  dangerous  degree  and  the 
power-factor  greatly  decreased.  Such  changes  should 
only  be  used  in  an  emergency  and  the  proper  permanent 
changes  made  at  as  early  a  date  as  possible.  These  are 
class  C  changes. 


FIG.    2 — CONVENTIONAL    DIAGRAMATIC    SKETCH    01-    WINDING    SHOWN 
IN    FIG.    I 

In  discussing  the  various  changes  frequent  reference 
is  made  to  the  usual  forms  of  connections.  For  this  rea- 
son certain  typical  diagrams  are  illustrated. 

TYPICAL    DIAGRAMS 

The  diagrams  shown  in  the  cuts  in  this  article  are 
typical  of  those  in  general  use  by  all  motor  manufac- 
turers. They  are  by  no  means  complete  in  the  sense  of 
covering  all  possible  combinations  of  phases  and  poles. 
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but  they  serve  to  illustrate  the  points  brought  out  in  the 
text  and  are  sufficiently  general  to  cover  points  which 
may  arise  in  connection  with  similar  diagrams  for  other 
numbers  of  poles. 

Fig.  I  gives  a  development  of  a  three-phase,  four- 
pole  winding  connected  in  series  star.  It  is  taken  from  a 
36  slot  core  and  represents  the  coils  as  they  would  look 
if  removed  from  the  machine  and  laid  on  a  table  with 
the  connections  as  they  exist  in  the  machine.  Since  there 
are  3  X  4  ^  12  polar  groups  and  36  coils,  there  are 
three  coils  connected  in  series  to  form  a  polar  phase 
group.  It  should  be  borne  in  mind  that  there  are  not 
actually  12  magnetic  poles  in  the  machine,  for  the  reason 
that  three  consecutive  polar  phase  groups  unite  to  form 
one  magnetic  pole  by  virtue  of  the  phase  difference  of 
the  currents  in  the  three  jihases.  Considered  magnet- 
ically, there  are  two  north  and  two  south  poles  formed 
by  this  winding  at  any  instant,  and  these  poles  are 
equally  spaced  around  the  air-gap  just  as  is  the  case  with 
four  mechanically  projecting  pole  pieces  excited  by  four 
coils  carrying  direct  current.  Something  of  this  concep- 
tion is  gained  if  one  imagines  the  armature  of  a  direct- 
current  generator  held  stationary  and  the  field  poles 
rotated  around  it.  At  any  given  instant  the  magnetic 
field  can  be  conceived  to  be  the  same  as  the  field  which 
is  formed  by  the  winding  shown  in  Fig.  i.  The  coils 
in  slots  3,  6,  p,  12,  etc.,  are  shown  by  heavier  lines  to 
indicate  that  the  insulation  on  these  coils  is  heavier  to 
withstand  the  greater  strain  at  the  points  where  the 
winding  crosses  or  lies  adjacent  to  coils  differing  greatly 
in  potential.  This  is  the  so-called  "phase  insulation," 
and  may  be  put  on  the  first  coil  in  each  group,  or  it  may 
be  put  on  the  first  and  last  coil  of  each  group  where 
there  are  a  greater  number  of  coils  in  the  group.  This 
is  one  of  the  reasons  why  a  machine  may  not  at  times 
be  reconnected  for  another  number  of  poles  or  phases. 


FIG.    3 — SCHEMATIC    DI.\GRAM    OF    SEMES-STAR,    FOUR-POLE    WINDIXC. 

Showing  the  same  connections  as  Figs  i  and  2.     The  numerals 
indicate  the  corresponding  pole  groups. 

If  such  reconnection  were  made  the  maximum  differ- 
ences in  potential  might  occur  between  two  adjacent 
coils  unprotected  by  this  extra  insulation  and  a  break- 
down result. 

Since  it  is  difficult  to  represent  windings  in  such 
detail  as  Fig.  i,  a  conventional  method  of  giving  the 
same  information  is  adopted.  This  scheme  is  shown  in 
Fig.  2.  This  represents  the  same  connection  as  Fig.  i, 
except  that  each  phase  pole  group  as  numbered  /,  2,  j, 


etc.,  in  Fig.  1  is  shown  by  a  short  arc  in  Fig.  2.  The 
numbers  on  the  groups  are  identical  with  Fig.  i,  as  are 
the  group  connections.  The  arrows  are  shown  simply 
to  indicate  a  method  of  checking  up  to  insure  the  proper 
phase  relations.  There  is  considerable  danger  with  a 
three-phase  connection  of  getting  a  60  degree  relation 
between  the  phases  instead  of  a  120  degree  relation 
or,  as  it  might  be  expressed  on  the  diagram,  there  is 
danger  that  the  wrong  end  of  the  B  phase,  for  example. 


B     C     A 


FIG.  4 — CO.WENTIONAl,  THREE-PHASE,  FOUR-POLE,  PAR.ALLEL 
STAR   DI.^GRAM 

And  schematic  equivalent. 

may  be  connected  to  the  star  point.  As  a  check  against 
this,  when  the  diagram  is  completed,  the  current  is  as- 
sumed as  going  in  at  all  three  leads  toward  the  Y  point. 
Arrows  are  put  on  each  pole  phase  group  as  shown,  and 
when  all  three  phases  are  traced  through  the  winding  is 
correct  if  the  arrows  on  consecutive  groups  run  alter- 
nately clockwise  and  counter  clockwise.  It  may  be 
argued  that  this  is  an  artificial  assumption  and  that  at 
no  instant  is  the  current  flowing  toward  the  star  in  all 
three  phases.  It  may  also  be  argued  that  in  a  correct 
winding,  if  the  current  be  assumed  as  flowing  toward 
the  star  in  two  phases  and  always  from  it  in  the  third, 
the  arrows  will  fall  in  successive  flights  of  three  in  the 
same  direction  and  then  three  in  the  reverse  direction. 
These  statements  are  true,  but  a  little  experimenting 
will  show  that  an  incorrectly  connected  or  60  degree 
winding  can  in  this  way  be  shown  to  give  successive 
flights  of  three  arrows  and  still  be  wrong.  There  is  but 
one  exception  to  the  correctness  of  the  check  as  shown 
in  Figs.  2  and  3  and  succeeding  figures  where  the  cur- 
rent is  assumed  as  flowing  toward  the  star  in  all  three 
phases  and  the  arrows  alternate  in  direction.  This  ex- 
ception to  the  rule  is  the  case  where  the  winding  forms 
consequent  poles  or  passes  through  all  the  phase  pole 
groups  in  a  north  direction  instead  of  alternately  north 
and  south.  Such  connections  are  rarely  used,  and  then 
usually  on  special  motors  wound  for  multi-speeds. 

The  same  connection  shown  in  Figs,  i  and  2  is  indi- 
cated schematically  in  Fig.  3,  and  the  numbers  of  the 
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phase  pole  groups  are  identically  arranged.  The  arrows 
indicate  the  phase  polarity  check  test  just  described.  Of 
these  three  schemes  Fig.  i  may  be  said  to  be  the  winder's 
conception,  Fig.  2  the  draftman's  and  Fig.  3  the  engi- 
neer's. Each  serves  its  purpose,  as  any  one  of  the  three 
may  be  more  easily  grasped  by  a  given  individual.  Fig.  4 


MG.   5— THREE-PH.\SE.   FOUR-POLE,    FOUR-PARAI,LEL,   ST.\R    DI.\r.R.\M 

And  schematic  equivalent. 

gives  a  combined  conventional  and  schematic  representa- 
tion of  a  so-called  "parallel  star"  diagram,  where  the 
two  halves  of  each  phase  are  in  parallel.  If  a  given 
machine  were  connected,  as  shown  in  Fig.  2,  for  a  nor- 
mal voltage  of  440,  it  could  readily  be  reconnected  ac- 


(AB)  (BC)  (AC) 


FIC.  6 — THREE-PHASE,  FOUR-POLE,  SERIES  DELTA  DIAGRAM 

And  schematic  equivalent. 

cording  to  Fig.  4,  and  would  then  be  suitable  for  opera- 
tion on  220  volts  having  the  same  performance  in  all 
respects  except  that  it  would  draw  from  the  220  volt  line 
twice  as  many  amperes  under  a  given  load  as  it  previ- 
ously drew  from  the  440  volt  line.  Similarly,  if  it  had 
four  poles,  or  a  multiple  of  four  poles,  it  could  still  be 


parallelled  again,  or  put  in  4-parallel  star,  as  shown  in 
Fig.  5,  and  operated  on  no  volts,  and  would  still  have 
the  same  performance  at  a  correspondingly  increased 
current  at  the  same  load. 

Fig.  6  represents  a  variation  in  connection  from  the 
foregoing,  which  is  possible  only  with  three-phase  ma- 
chines. This  is  the  so-called  delta  or  mesh  connection. 
If  a  machine  connected  as  in  Fig.  i  for  440  volts  be  re- 
connected as  in  Fig.  6  it  would  be  suitable  for  operation 

on   a   circuit   having   a   voltage   of ,  or  254  volts. 

Reconnections  or  conversions  of  this  kind  are  intended 
to  be  shown  in  Table  I,  where  the  problem  just  shown 
may  be  worked  out  by  selecting  ?  Phase  Series  Star  in 
the  horizontal  column — first  line — and  reading  across  to 
the  vertical  column  headed  Scries  Delta  where  the  figure 

TABLE  I— COMPARISON  OF  MOTOR  VOLTAGES  WITH  VARIOUS 
CONNECTIONS 

If  a  motor  connected  originally  as  shown  in  any  horizontal  column  had  a 
normal  voltage  of  xoo  its  voltage  when  reconnected  as  indicated  in  any  vertical 
coluxnn  is  shown  at  the  intersection  of  the  two  columns. 
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58  appears.  This  means  that  if  lOO  volts  was  normal 
on  the  series  star  connection  and  a  change  is  made  to 
series  delta  the  corresponding  voltage  is  58  and  by  multi- 
plication, if  440  was  the  series  star  voltage,  the  series 
delta  voltage  would  be  4.4  X  58  =  254,  as  noted  above. 
Figs.  7  and  8  show  a  parallel  and  4-parallel  delta  connec- 
tion, respectively,  and  bear  the  same  relation  to  Fig.  6 
that  Figs.  4  and  5  do  to  Fig.  2. 

Fig.  9  is  a  development  of  a  two-phase  winding  and 
shows  an  arrangement  similar  to  Fig.  i,  except  for  the 
difference  in  the  number  of  phases.  An  inspection  of 
the  coils  represented  in  heavier  lines  and  a  comparison 
with  the  coils  in  Fig.  i  indicates  at  once  what  is  meant 
by  the  "phase  coils"  or  phase  insulated  coils  being  differ- 
ently situated.  This  also  explains  one  of  the  good  rea- 
sons why  two-phase  motors  should  not  be  reconnected 
for  three-phase,  or  vice  versa,  without  changing  the 
position  of  these  phase  coils. 
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Fig.  lo  gives  the  conventional  and  schematic  equiva- 
lent of  Fig.  9.  The  arrows  shown  in  the  three-phase 
diagrams  are  omitted  here,  for  the  reason  that  the  two 
phases  are  not  interconnected,  and  the  only  effect  of 
reversing  one  phase  is  to  reverse  the  direction  of  rota- 
tion of  the  motor.     This  is  readily  corrected  by  revers- 


I'lG.    7 — THREE-PH,\SE,    FOUR-POLE,    PARALLEL    DELTA    DIAGRAM 

And  schematic  equivalent. 

ing  the  two  leads  of  one  phase  at  the  motor  terminals. 
Figs.  11  and  12  give  parallel  and  4-parallel  two-phase 
connections  and  bear  the  same  relation  to  the  series  con- 
nection as  was  the  case  in  the  three-phase  star  and  delta 
diagrams.  From  these  2-parallel  and  4-parallel  connec- 
tions it  may  be  readily  seen  that  where  the  number  of 
poles  is  a  multiple  of  three,  as  6,  12,  18,  etc.,  there  is  a 
possible  analogous  3-parallel  connection ;  also  where  the 
number  of  poles  is  a  multiple  of  five,  such  as  10,  20,  etc., 
there   is   a   corresponding   possible    5-parallel    diagram. 

TABLE  II— COMPARATIVE  PERFORMANCES 

Of  a  two-phase  motor  reconnected  for  operation  on  three-phase 
by  a  T  connection  and  the  performance  of  the  same  motor 
when  supplied  with  new  three-phase  coils  and  connected 
in  a  normal  three-phase  manner. 


Normal 

Three  Phase 

Normal 

Two  Phase 

"Tec" 

Three  Phase 

Winding 

Connection 

Winding 

Full-load  Efficiency..  .  . 

88 

86. q 

88.5 

Full-load  Power-Factor 

89 

84.8 

90 

Starting  Torque 

1-75 

I  .20 

1.94 

Maximum  Torque 

3.3 

317 

3-3 

DEGREES  CENTIGRADE 

RISE  AT  FULL  LOAD 

Stator  Copper 

22.5° 

32° 

21° 

Stator  Iron  

20 

32 -5 

19 

Rotor  Copper 

22 

30 

22 

These  are  the  connections  which  are  indicated  in  Table  I 
as  "3-parallel"  and  "5-parallel." 

Fig.  13  shows  a  possible  three-phase  connection 
which  may  be  made  from  a  two-phase  winding  by  a 
method  similar  to  the  Scott  transformer  connection. 
The  effect  of  this  connection  upon  the  performance  is 
shown  in  Table  II  and  is  discussed  under  changes  in 


phase.  It  is  a  connection  which  should  be  used  only  as  a 
temporary  expedient  until  better  arrangements  can  be 
made. 

Fig.  14  shows  an  interesting  connection,  called  by  a 
late  author  a  "vernier"  or  "least  common  multiple"  con- 
nection, in  which  the  number  of  slots  in  the  machine  is 


(BCXACXABI 
FIG.    8 — THREE-PHASE.    FOUR-POLE,    FOUR-PARALLEL,    DELTA    DIAGR.\M 

And  schematic  equivalent. 

not  a  multiple  of  the  phase  times  the  poles,  hs  a  result, 
there  are  more  coils  in  certain  groups  than  in  others, 
which  introduces  a  slight  displacement  of  the  phase 
angle  at  these  places.  They  are  so  disposed  around  the 
machine,  however,  as  to  produce  a  perfectly  balanced 
voltage  at  the  terminals  of  the  machine.  This  connec- 
tion has  been  used  for  many  years  by  the  manufacturers, 
and  is  the  result  of  using  the  same  punching  or  stamp- 
ing and  winding  it  for  the  greatest  possible  number  of 
combinations  of  phases  and  poles.  For  some  time  the 
extra  coils  were  arranged  around  the  machine  by  inspec- 
tion to  secure  the  best  balance.  Mr.  E.  M.  Tingley  has 
given  an  ingenious  and  simple  method  for  arranging 
such  windings  with  mathematical  accuracy  to  give  per- 
fectly balanced  voltages.*     It  does  not  follow  that  only 


FIG.   g — DEVELOPED  TWO-PHASE   WINDING,   FOUR-POLE, 
SERIES   CONNECTION 

The  coils  from  .r  to  y  form  one-pole  phase  group. 

the  slot  numbers  recommended  by  Mr.  Tingley  can  be 
made  to  give  operating  results,  but  it  is  true  that  only 
the  combinations  pointed  out  by  him  can  be  made  to  give 
a  theoretically  perfect  voltage  balance  at  the  motor  ter- 


*In  the  Electrical  Review  for  January  23,  1915,  Vol.  LX\' 
166-7-8. 
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minals.  This  diagram  is  shown  to  answer  the  question 
frequently  asked  as  to  whether  it  is  essential  that  the 
number  of  primary  slots  shall  be  a  multiple  of  the  phase 
times  the  poles.  It  does  not  necessarily  have  to  be  such 
a  multiple,  and  connections  of  the  general  type  shown  in 


FIG.    10 — TWO-PHASE,   FOUR-POLE,   SERIES   CONNECTION 

.\nd  schematic  equivalent. 

Fig.  14  give  practically  the  same  results  as  any  of  the 
perfectly  symmetrical   connections. 

Figs.  15  and  17  .show  the  usual  connections  for  a 
three-phase  motor  which  can  be  connected  to  give  two 
sets  of  poles  or  two  speeds  in  the  ratio  of  two  to  one. 
This  change  is  accomplished  by  a  single  winding.  In 
Fig.  15  the  high-speed  is  parallel  star  and  the  low-speed 
series  star.  In  Fig.  17  the  high-speed  is  parallel  star  and 
the  low-speed  series  delta.  Either  may  be  used  at  the 
discretion  of  the  designer.     Fig.  15  usually  gives  better 


16  is  an  explanatory  diagram  showing  schematically  how 
the  two  sets  of  poles  are  produced  by  such  windings. 
Considered  with  Fig.  15,  the  inside  set  of  arrows  .show 
the  parallel  star  connection  where  four  salient  poles  are 
produced  directly  by  the  winding,  two  north  and  two 


FIG.    II — TWO-PHASE,  FOUR-POLE,  PARALLEL   DIAGRAM 

And  schematic  equivalent. 

results  where  a  constant  torque  is  desired  and  gives 
twice  the  horse-power  on  the  high-speed  that  it  develops 
on  the  low-speed.  Fig.  17  gives  somewhat  better  results 
where  a  constant  horse-power  is  desired  at  both  speeds, 
as  is  the  case  with  most  machine  tool  applications.    Fig. 


FIG.    12 — TWO-PHASE,    FOUR-POLE,    FOUR-PARALLEL    DIAGRAM 

And  schematic  equivalent. 

south.  The  set  of  arrows  outside  the  winding  circle 
show  the  winding  connected  in  series  star  and  the  cur- 
rent direction  such  as  to  produce  four  north  poles  by  the 
winding.  Since  it  is  not  possible  to  have  north  poles 
alone  there  immediately  result  four  consequent  south 
poles,  indicated  by  the  dotted  arrows,  where  the  mag- 
netic flux  returns  to  the  primary.  This  results  in  eight 
poles  and  half  speed.  For  the  sake  of  simplicity  the 
arrows  shown  are  for  one  phase  only.  The  three  phases 
interact  to  produce  the  combined  magnetic  pole  as  in 
any  normal  three-phase  winding.  These  diagrams  are 
shown  to  indicate  that  it  may  be  possible  in  some  cases 
to  reconnect  motors  for  half  speed  by  making  use  of  a 
diagram  of  this  nature. 


FIG.    13 — SO-CALLED    T  CONNECTION 

By  which  a  two-phase  motor  may  be  operated  on  three  pliasc  at 

a  reduced  capacity  and  somewhat  poorer  efficiency, 

power-factor  and  torques. 

Fig.  18  shows  a  similar  diagram  for  a  two-phase, 
two-speed  connection  where  the  winding  is  in  parallel 
on  the  high-speed  and  in  series  on  the  low-speed.  This 
winding  is  of  particular  and  especial  interest  in  that  it 
overcomes  one  of  the  disadvantages  of  the  correspond- 
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ing  three-phase  connections  shown  in  Figs.  15  and  17  by 
putting  half  of  the  winding  in  one  phase  for  the  low- 
speed  connection  and  in  the  other  phase  for  the  high- 
speed connection.  This  is  of  advantage,  because  the  so- 
called  "winding  factor"  or  "distribution  factor"  remains 


FIG.    14 — THREE-PH.VSE,  EIGHT-POLE,   PARALLEE   STAR  DIAGRAM 

With  balanced  phases  on  a  machine  having  90  slots.    The  number 
of  coils  in  each  pole  phase  is  shown  by  the  Roman  numerals. 

the  same  on  both  speeds  as  in  a  normal  two-phase  ma- 
chine, while  in  the  three-phase  connections  shown  in 
Figs.  15  and  17  the  winding  factor  is  only  86.6  percent 
as  good  on  the  low-speed  connection  as  on  the  high. 
This  is  because  there  are  only  four  winding  groups  per 
phase  spread  over  the  entire  periphery  and  yet  eight 
poles  are  being  produced.     Expressed  in  another  way, 


FIG.    15 — THREE-PHASE,  TWO-SPEED,   FOUR  AND   EIGHT   POLE  DIAGRAM 

Parallel  star  connection  for  four  poles.  Series  star  connection 
for  eight  poles.  On  four  poles  ^1 — Bi — d  are  leads  and  A — B — C 
are  connected  together.  On  eight  poles  A — B — C  are  leads  and 
Ai — Bi — Ci  are  open. 

the  coils  for  one  of  the  eight  poles  are  spread  over  the 
usual  span  for  a  four-pole  machine.  Since  the  distribu- 
tion factor  is  a  measure  of  the  induced  voltage  or 
counter  e.m.f.  generated,  and  since  the  capacity  of  the 
motor  may  be  measured  by  its  current  carrying  capacity 


niulliplied  by  the  induced  voltage,  it  can  be  concluded  at 
once  that  the  loss  of  14.3  percent  in  the  three-phase  con- 
nection on  the  slow-speed  is  avoided  in  the  two-phase 
diagram,  Fig.  18.  In  reality  the  gain  is  greater  than  this, 
for  the  reason  that  the  two-phase  distribution  factor 
caused    by   consequent    poles   is   only    70.7   percent,   as 


IIG.    iG — DIAGRAM    ILLUSTRATING   LOCATION    OF   POLES   IN   TWO-SPEED 
CONNECTION   SHOWN  IN   FIG.   1$ 

The  arrows  inside  the  winding  circle  show  the  poles  formed 
by  the  A  phase  windings  on  the  four-pole  connection.  The 
arrows  outside  the  circle  show  the  four  poles  of  the  same 
polarity  formed  by  the  windings,  and  the  four  resulting  conse- 
quent poles  of  opposite  polarity  are  shown  by  the  dotted  arrows ; 
this  makes  eight  poles  total  and  gives  half  the  speed  of  the 
four-pole  connection. 

against  86.6  percent  in  the  three-phase.  Speaking  sim- 
ply, if  a  series  parallel  two-phase  connection  were  used, 
similar  to  the  three-phase.  Fig.  15,  and  without  chang- 
ing the  coils  from  one  phase  to  the  other  as  does  Fig.  18, 
the   loss   in   horse-power   on   the   slow-speed   would   be 


FIG,    I" — THREE-PHASE,  TWO-SPEED,  FOUR  AND  EIGHT   POLE  DIAGRAM 

Parallel  star  connection  for  four  poles.  Series  delta  con- 
nection for  eight  poles.  On  four  poles  D — E — F  are  leads  and 
A—B~C  are  connected  together.  On  eight  poles  A—B—C  are 
leads  and  D — E — P  are  open. 

approximately  30  percent,  which  is  certainly  a  matter 
of  prime  importance.  It  is  mechanically  possible  to 
make  such  an  arrangement  on  a  two-phase  winding,  but 
there  seems  to  be  no  practical  way  of  accomplishing  the 
same  result  on  a  three-phase  winding.    As  in  the  case  of 
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the  three-phase,  two-speed  diagrams,  this  connection 
shows  the  possibiHty  of  changing  a  standard  motor  to 
half  speed  by  the  medium  of  such  a  connection. 

Fig.  19  ilhistrates  a  connection  that  is  sometimes  at- 
tempted, but  usually  with  disastrous  results.  In  all  the 
foregoing    diagrams    the    phase    pole    group    has    been 


FIG.    18 — TWO-PH.\SK,  TWO-SPEED,  FOUR  AND   EIGHT   POLE   DIACR.\M 

For  eight  poles  connect  y  and  y'.  Use^li — Ai  and  Bi — Bt  for 
leads  and  leave  ci — aj  and  ii — 62  open.  For  four  poles  connect 
Ai—Bi  together  and  A^—Bt  together;  leave  y  and  y'  open  and  use 
<*i — 02  and  61 — 62  for  leads. 

treated  as  a  unit.  That  is  to  say,  if  there  were  four 
coils  per  phase  and  pole  these  four  were  connected  in 
series  into  a  group  and  handled  as  a  unit.  Fig  19,  on 
the  other  hand,  breaks  up  some  of  the  groups  into  halves. 
Suppose,  for  example,  that  a  three-phase,  six-pole  motor 
has  72  coils  total  and  is  connected  in  series  for  440  volts. 
It  is  desired  to  reconnect  it  for  no  volts.  It  can  be 
paralleled  for  220  volts,  and  there  will  be  three-pole 
phase  groups  in  each  of  the  two  parallel  legs  of  the 
winding.  It  cannot  be  parallel  four  times,  since  six  is 
not  divisible  exactly  by  four.  Since  there  are  six  poles 
and  three  phases,  there  are  18  pole  phase  groups  and 
72  -^  18  =  4  coils  per  group.  It  is,  therefore,  possible 
to  split  six  of  the  18  groups  into  halves  of  two  coils  each, 
and  by  putting  a  half  group  in  series  with  a  whole  group 
to  get  four  parallels  per  phase  having  1.5  pole-phase 
groups  in  each  of  the  four  parallel  circuits.  Such  a  con- 
nection is  shown  in  Fig.  19.  This  is  rather  difificult  to 
do  properly  unless  there  is  an  expert  winder  available, 
and  it  leaves  the  motor  in  an  unsatisfactory  operating 
condition  when  it  has  been  done.  This  is  explained  by 
the  vector  diagrams  in  Figs.  20  to  24.  Let  ag  represent 
the  vector  of  one  magnetic  pole  made  by  combining  the 
three-pole  phase  vectors  ae,  ef  and  fg,  Fig.  20.  For 
clearness,  one-pole  phase  vector  ae  is  shown  in  Fig.  21 
drawn  to  a  larger  scale  and  made  up  of  the  vectors  of 
the  four  separate  coils  ab,  be,  cd  and  de.  If  two  or 
more  circuits,  each  made  up  of  one  whole  pole  plus  one- 
half  pole,  are  to  be  connected  in  parallel,  the  two  result- 
ing vectors  should  be  the  same  length  and  have  the  same 
direction  or  phase.   Such  a  condition  is  shown  in  Fig.  22. 


This  is  a  true  parallel,  and  there  will  be  no  circulating 
current  around  the  closed  loop,  since  two  equal  voltages 
in  phase  with  each  other  are  opposed.  An  inspection  of 
the  four  vectors  of  which  ae  is  composed  will  show  that 
it  cannot  readily  be  divided  into  two  parts  and  paralleled 
without  there  being  circulating  current.  Suppose  first, 
that  the  winding  group  is  split  in  the  middle  at  C,  leav- 
ing ab  -\-  be  for  one-half  and  ed  +  de  for  the  other. 
The  two  resulting  vectors  are  ac  and  ce.  When  each  of 
these  vectors  is  added  to  another  complete  pole  and  the 
two  connected  in  parallel,  the  result  is  indicated  in  Fig. 
24.  where  ra  -j-  ac  is  paralleled  with  sc  -\-  ce.  Since 
ae  and  ee  are  not  in  phase  there  is  left  a  voltage  equiva- 
lent to  em  -f-  nc,  which  will  set  up  current  around  the 
closed  loop  and  produce  increased  heating.  In  order 
to  avoid  this  to  a  certain  extent  the  two  outside  coils  of 
the  group,  ab  and  de,  are  sometimes  paralleled  against 
the  two  inside  coils,  be  and  cd.  The  two  resulting 
vectors  a.v  +  ■^<?  and  bd  are  in  parallel,  but  they  are  of 
different  lengths.  The  result  is  shown  in  Fig.  24,  where 
a  whole  pole  tb  plus  the  half  pole  bd  is  in  parallel  with 
ra  -j-  a.v  -\-  se.  While  these  vectors  are  in  phase  the 
difference  in  their  numerical  value  leaves  a  component 
ck  which  is  unbalanced  and  which  is  free  to  cause  circu- 
lating current  in  the  closed  loop  of  the  parallel  circuit. 

In  addition  to  the  difficulty  of  making  this  connec- 
tion properly  and  the  fact  that  there  is  at  all  times  some 
circulating  current,  there  is  also  likely  to  be  trouble  in 
keeping  the  phases  insulated  from  each  other.  All 
things  considered,  this  is  an  expedient  which  had  better 
be  left  tmtried  except  in  cases  of  emergency.  For  all 
ordinary  operating  conditions  much  better  results  will 


I'IG.  19 — THREE-PHASE,  SIX-POLE,  STAR  DIAGRAM   IN  FOUR  PARALLELS 

Diagrams  of  this  general  type  should  be  used  only  in  cases  of 
temporary  emergency. 

be  secured  by  replacing  the  old  coils  in  the  machine  by 
new  coils  wound  for  the  proper  voltage. 

CHORD    FACTOR    AND    PHASE    INSULATION 

Before  considering  the  more  useful  forms  of  recon- 
nection  there  are  two  general  factors  which  should  be 
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mentioned  as  having  a  great  deal  to  do  with  the  possi- 
bility of  reconnecting  and  also  with  the  operating  char- 
acteristics of  the  motor  after  the  change  is  made.  The 
first  of  these  is  the  throw  of  the  individual  coils  or  the 
number  of  slots  spanned  by  the  two  sides  of  the  coil. 
The  second  is  the  question  of  phase  insulation  mentioned 
above  and  shown  in  Figs,  i  and  9.  The  first  of  these 
questions  has  been  generally  written  about  and  discussed 
under  the  headings,  "Fractional  Pitch  Windings"  and 
"Chorded  Windings."*  Only  a  brief  mention  can  be 
made  here  of  the  effect  of  this  condition  on  reconnection. 
It  is  well  known  that  the  span  of  the  coil  must  in 
general  be  somewhere  near  the  quotient  of  the  bore 
periphery  divided  by  the  number  of  poles.  It  is  not  so 
generally  understood  that  changing  the  span  of  the  coil 
within  limits  has  an  efifect  similar  to  increasing  or  de- 
creasing the  number  of  wires  in  the  coil.  If  the  coil  is 
exactly  pitch,  i.  e.,  spans  exactly  from  the  center  of  one 
pole  to  the  center  of  the  next,  the  turns  of  wire  in  that 
coil  are  producing  their  maximum  effect  upon  the  mag- 
netic field.  The  coil  is  then  considered  to  span  180 
electrical  degrees.  It  is  customary  to  wind  the  coil  in 
slots  so  that  it  spans  something  less  than  a  full  pole 
pitch.  The  effect  of  the  turns  in  the  coil  is  then  some- 
what less  than  the  maximum.  The  effect  of  the  turns 
in  the  coil  varies  as  the  sine  of  half  of  the  angle  in  elec- 
trical degrees  which  the  coil  spans.  To  illustrate,  if 
there  are  72  slots  in  an  eight-pole  machine,  the  coils 
would  be  exactly  "pitch"  if  they  lay  in  slots  i  and  10,  or 
in  other  words,  if  there  were  eight  slots  between  the 
two  slots  in  which  the  two  sides  of  any  coil  were  located. 
Such  a  coil  would  span  180  electrical  degrees.  Half  of 
180  degrees  is  90  degrees  and  the  sine  of  90  degrees  is 
I  ;  therefore  the  effect  of  the  turns  in  such  a  coil  is  i. 
Suppose  instead  the  coil  lies  in  slots  i  and  8.  It  would 
then  span  140  degrees  electrically,  since  72  ^-  8  =  9 
slots  represents  180  degrees,  and  one  slot  therefore  rep- 
resents 20  degrees.  The  sine  of  half  of  140  degrees,  or 
70  degrees,  is  0.938.  It  follows  that  the  effect  of  the 
turns  in  this  coil  is  less  than  that  of  the  full  pitch  coil 
by  the  ratio  of  0.938  to  i.  This  is  of  interest  in  the 
present  problem,  because  it  is  often  possible  in  making 
changes  to  change  at  the  same  time  the  span  of  the  coils 
by  one  slot,  more  or  less,  by  springing  the  coil  mechan- 
ically, and  so  improve  the  performance  of  the  machine 
under  the  new  conditions.  The  point  becomes  of  vital 
importance,  immediately,  when  changing  the  number  of 
poles  without  changing  the  throw  of  the  coils.  Refer- 
ring again  to  the  72  slot  motor,  assume  that  the  coils  are 
wound  in  slots  i  and  8.  For  an  8  pole  connection  these 
coils  will  have  an  effect  of  0.938,  as  explained  above. 
If  the  connections  are  changed  for  six  poles  the  effect  is 
entirely  different.  72  -f-  6  =  12  and  180  -^  12  =  15, 
or  each  slot  represents  15  electrical  degrees.  A  throw  of 
I  and  8  covers  seven  complete  slots,  or  7  X   15  ^  105 


*Two  very  good  papers  on  this  subject  are  found  in  the 
Transactions  of  the  A.I.B.E..  Vol.  XXVI,  1907,  pp.  1485-1503, 
Messrs.  Adams,  Cabot  and  Irving,  and  Vol.  XXVII,  1908,  pp. 
1077-1085,   Jens   Bache-Wiig. 


degrees;  the  sine  of  half  of  105  or  52.5  degrees  ^  0.79, 
which  means  that  when  connected  for  six  poles  the  coils 
have  an  effect  of  only  0.79,  as  against  0.938  when  con- 
nected for  eight  poles.  It  is  possible  to  avoid  using  the 
sine  of  half  the  angle  and  secure  a  factor  which  is  suf- 
ficiently accurate  practically   by  using  the  expression, 


4 


(Number  of  slots  per  pole)'  —  ^  (Number  of  slots  dropped)' 
(Number  of  slots  per  pole)' 

Using  the  same  eight-pole  example  above,  the  number 
of  slots  per  pole  is  72  -^  8  =  9  and  the  pole  pitch  is  i 
and  10.  When  the  coil  is  wound  i  and  8  it  spans  7 
slots  and  there  are  9  —  7  =  2  slots  dropped.    The  ex- 

i)ression  then  becomes 


I  (9)'  —  2  (2^) 


V 


md  similarly  for  the  six-pole. 


(72)' 


(5') 


J  94 
\  144 


0.^48 


0.807 


which  agrees  roughly  with  the  other  method.     A  coil 
should  in  no  case  be  chorded  more  than  half  of  the  pole 


FIGS.   20-24 — VECTOR   DI.^GRAMS    SHOWING   THE   E.M.F.   RELATIONS    IN 
THE  PAR.^LI.EL  PATHS  OF  THE  CONNECTION  SHOWN  IN  FIG.   19 

pitch,  as  secondary  disturbances  of  the  magnetic  field  are 
occasioned  by  chording  which  become  prohibitive  at  that 
point.  The  expression,  "sine  of  half  the  angle  spanned 
by  the  coil,"  is  given  the  name  "chord  factor,"  and  it 
should  be  considered  in  the  work  of  reconnecting.  For 
example,  if  the  poles  are  changed  from  8  to  6,  as  in  the 
example  above,  and  the  chord  factor  changes  from  0.938 
to  0.79,  the  new  line  voltage  should  be  0.79  -^  0.938 
times  the  old,  neglecting  the  effect  of  other  changes 
which  are  being  made.  If  nothing  else  was  undergoing 
change  and  the  normal  voltage  was  440  in  the  first  place, 
it  should  be  370  after  the  change  is  made  or,  expressing 
it  another  way,  if  it  was  still  operated  at  440  volts  after 
the  change,  the  motor  should  be  thought  of  as  operating 
at  about  18  percent  over  voltage. 

The  second  general  factor  mentioned  above  is  that  of 
"phase  insulation."  It  is  the  practice  of  many  manufac- 
turers to  put  heavier  insulation  on  the  coils  at  the  ends 
of  the  polar  groups  which  are  mechanically  adjacent  to 
one  another  and  which  are  also  subjected  to  the  voltage 
between  phase.s.  which  may  be  the  maximum  voltage  be- 
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tween  supply  lines.  Such  coils  are  illustrated  at  Nos. 
J,  6,  p,  12,  ij,  etc.,  in  Fig.  i.  By  comparing  this  diagram 
with  Fig.  9  for  two-phase  connection  it  appears  at  once 
that  both  the  number  and  location  of  these  so-called 
"phase  coils"  should  be  changed  at  the  time  the  machine 
is  reconnected  from  two  to  three-phase,  or  vice  ver.'^a, 
assuming  that  the  voltage  can  be  changed  so  that  a  phase 
change  is  permissible.  Also  in  changing  the  number  of 
poles,  the  number  and  location  of  the  phase  coils  must 
also  be  changed.  In  fact,  whatever  reconnection  is  at- 
tempted the  phase  coils  should  be  checked  and  rear- 
ranged, since  this  is  comparatively  easy  and  adds  con- 
siderably to  the  protection  of  the  machine  from  break- 
downs of  insulation. 

POSSIBLE    RECONNECTIONS 

The  foregoing  discussion  of  typical  diagrams  and 
general  conditions  leads  up  to  the  detailed  consideration 
of  the  changes  which  are  most  frequently  encountered  in 
ordinary  commercial  service  and  the  manner  in  which 
they  can  best  be  met.  These  changes  in  the  order  in 
which  they  most  frequently  occur  are: — (a)  Changes  in 
phase  and  voltage  of  the  supply  circuit.  These  may 
occur  singly  or  in  combination;  (b)  change  in  frequency 
of  the  supply  circuit;  and  (c)  change  in  the  number  of 
poles  of  the  motor.  The  (c)  change  may  be  independent 
of  all  other  changes,  because  a  faster  or  a  slower  speed 
is  desired,  or  it  may  follow  as  a  result  of  the  (b)  change 
in  order  to  keep  the  same  speed  on  the  driven  machine, 
when  the  motor  is  operated  on  the  new  frequency. 

Changes  in  Voltage  Only,  all  other  conditions  re- 
maining the  same.  This  is  the  simplest  change  which 
can  be  made  in  an  induction  motor  winding  and  in  prin- 
ciple is  the  same  as  that  of  a  transformer  coil  in  which 
the  number  of  turns  of  wire  in  series  must  be  varied  in 
exact  proportion  to  the  voltage  applied.  Practically  all 
commercial  motors  are  arranged  so  that  they  can  be 
connected  for  two  voltages,  say  i  lo  and  220  or  220  and 
440.  This  is  accomplished  by  putting  the  polar  groups 
in  series,  as  in  Figs.  3  and  10,  for  the  higher  voltage, 
and  in  parallel,  as  in  Figs.  4  and  11,  for  the  lower  volt- 
age. It  is  the  writer's  intention  to  cover  the  possibilities 
for  most  of  the  changes  of  this  nature  in  Table  I.  For 
this  reason  it  is  essential  that  the  working  of  this  table 
be  thoroughly  understood.  Suppose,  for  example,  that 
the  motor  as  it  stands  is  connected  for  2200  volts  and  is 
connected  in  series  star  as  in  Fig.  3.  It  is  desired  to 
reconnect  it  for  440  volts  for  the  same  horse-power, 
phase,  cycles  and  speed.  Four  hundred  and  forty  volts 
is  20  percent  of  2200.  Take  Table  I  and  use  the  hori- 
zontal column  marked  j-Phase  Series  Star.  Since  a  re- 
connection  is  desired  to  give  20  percent  of  the  original 
voltage  read  along  the  horizontal  line  till  the  figure  20 
occurs.  This  is  found  first  under  the  vertical  column 
marked  J-Phase  ^-Parallels.  This  is  of  course  obvious, 
because  if  the  number  of  poles  in  the  machine  is  divisible 
by  5  it  could  be  reconnected  in  5  parallels  and  operated 
on  2200  -^-  5  =  440  volts.  But  suppose  the  number  of 
poles  is  not  divisible  by  5.    Look  still  further  along  the 


horizontal  line  and  the  figure  19  appears  under  the  ver- 
tical column  headed  j-Phase  ^-Parallel  Delta.  In  other 
words,  if  the  number  of  poles  in  the  machine  is  divisible 
by  3  it  can  be  put  in  3-parallel  delta  and  operated  on 

2200 

— — =  424  volts,  which  is  near  enough  to  440  to 

3   X    1.73        -+  •+  '  s  -ft 

give  perfectly  satisfactory  operation.  If  the  number  of 
poles  on  the  machine  is  not  divisible  by  5  or  by  3  it  is 
evident  from  the  table  that  it  is  not  possible  by  any  ordi-- 
nary  3-phase  connection  to  approach  closer  than  550 
volts  with  a  4-parallel  star  connection,  or  330  volts  using 
a  4-parallel  delta  connection.  The  relation  between  550 
volts  and  330  volts  as  just  given  is  not  quite  the  theo- 
retical 1.73  which  would  be  expected,  but  this  is  due  to 
the  table  being  made  up  to  the  nearest  integral  figure 
without  using  fractions.  The  error  in  this  instance  is 
three  percent,  which  is  immaterial.  A  little  thought 
will  show  how  the  table  is  made  up,  and  if  greater 
accuracy  is  required  a  new  table  can  be  made  up  to  any 
desired  degree  of  exactness.  An  additional  point  which 
is  brought  out  by  the  example  just  cited  is  that,  so  far  as 
insulation  is  concerned,  a  motor  may  always  be  recon- 
nected for  a  lower  voltage — for  instance,  a  2200  volt 
motor  may  be  reconnected  for  440  volts — but,  on  the 
contrary,  a  motor  originally  designed  for  440  volts  may 
not  be  run  on  2200,  even  if  the  reconnection  is  possible 
so  far  as  number  of  turns  is  concerned,  becau-se  the  insu- 
lation will  not  stand  the  dielectric  strain.  It  may  be 
stated  generally  that  practically  all  manufacturers  use 
two  classes  of  insulation  up  to  2500  volts,  one  class  good 
up  to  550  volts  and  the  second  good  from  600  volts  to 
2500.  This  should  be  carefully  considered  and  a  motor 
never  reconnected  from  the  lower  into  the  higher  class, 
although  the  change  from  the  higher  to  the  lower  is  per- 
missible from  the  insulation  standpoint.  It  is  hoped 
that  Table  I  used  in  this  manner  may  be  helpful  in 
answering  questions  in  this  class.  These  changes  are 
practically  all  Class  A  changes  when  properly  ntadc. 

Change  of  Phase  Only — By  far  the  commonest  prob- 
lem which  presents  itself  in  this  class  is  the  change  from 
two  to  three-phase,  and  vice  versa.  Theoretically  for 
the  same  voltage  there  should  be  about  25  percent  more 
total  turns  in  a  two-phase  winding  than  in  a  three-phase 
winding.  Then,  if  a  three-phase  motor  be  reconnected 
for  two-phase  at  the  same  voltage  and  with  the  same 
coils,  it  will  exhibit  all  the  symptoms  of  a  motor  oper- 
ating at  25  percent  over  voltage  and  usually  would  over- 
heat to  a  dangerous  degree  after  a  short  period  of  opera- 
tion. Conversely,  a  two-phase  motor  reconnected  and 
run  on  three-phase  at  the  same  voltage  with  the  same 
coils  will  show  all  the  signs  of  a  motor  operating  at  20 
percent  under  voltage.  Since  in  this  case  there  are  too 
many  turns  in  the  machine,  one-fifth  of  the  total  coils 
might  be  dead-ended  to  secure  the  proper  voltage  on  the 
remaining  80  percent.  The  dead  coils  should  be  distrib- 
uted as  symmetrically  as  possible  around  the  machine  to 
balance  the  voltage  as  nearly  as  possible  on  all  phases. 
Parallels  in  the  winding  should  be  avoided,  as  they  give 
a    chance    for    unbalanced,    circulating    local    currents, 
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which  may  cause  excessive  temperatures.  Since  the  nor- 
mal full-load  current  on  a  three-phase  motor  at  any 
given  voltage  is  about  12.5  percent  greater  than  the  two- 
phase  full-load  current  at  the  same  voltage,  it  follows 
that  the  three-phase  horse-power  will  have  to  be  cut 
down  about  12.5  percent  from  the  two-phase  in  order  to 
keep  the  current  density  in  the  winding  as  it  was  on  two- 
phase.  Unless  the  current  density  is  kept  approximately 
the  same  greater  heating  will  result.  Another  makeshift, 
shown  in  Fig.  13,  is  the  so-called  Scott  or  T  connection 
for  operating  a  two-phase  motor  on  three-phase.  By 
this  scheme  14  percent  of  the  coils  in  one  phase  of  the 
two-phase  machine  are  omitted  as  symmetrically  as  pos- 
sible around  the  machine.  One  end,  B^  of  this  phase,  is 
then  connected  to  the  middle  of  phase  A^ — /^o.  The  re- 
sulting voltages  between  the  points  A^ — A^ — B.  are 
practically  in  a  balanced  three-phase  relation.  This  con- 
nection would  give  fairly  good  results  if  the  coils  be- 
tween A^  and  B^  were  so  situated  on  the  machine  that 
they  v^'ould  be  acted  upon  by  the  magnetic  field  in  ex- 
actly the  same  manner  as  the  coils  between  Bj  and  A,- 
Practically,  as  motors  are  wound  nowadays,  this  is 
rarely  possible,  and  if  the  usual  winding  is  connected  in 
T  there  are  practically  always  unbalanced  currents  in  the 
three  phases.  The  current  in  the  high  phase  will  be 
about  20  percent  greater  than  the  current  in  the  low 
phase.  This  results  in  a  poorer  performance  in  torque, 
power-factor,  efficiency  and  heating,  as  illustrated  by  the 
actual  test  data  shown  in  Table  II,  which  shows  in  three 
parallel  columns  the  performance  of  a  standard  motor 
wound  with  normal  two-phase  coils,  with  two-phase  coils 
connected  in  T  and  run  on  three-phase,  and  with  nor- 
mal three-phase  coils.  The  efficiency  on  the  T  connec- 
tion is  1.6  percent  lower,  the  power-factor  5.2  percent 
lower,  the  starting  torque  38  percent  lower,  the  maxi- 
mum torque  4  percent  lower  and  the  temperatures  from 
8  to  13.5  degrees  higher  than  on  the  normal  three-phase 
winding.  This  showing  certainly  puts  this  connection 
in  the  c  class.  The  motor  operates  (if  it  can  start  the 
load),  but  it  should  not  be  considered  where  a  large 
number  of  motors  are  concerned  or  where  the  cost  of 
power  is  given  any  weight.  This  summary  shows  that 
changing  from  two-phase  to  three-phase,  and  vice  versa, 
is  at  best  very  unsatisfactory,  and  the  advice  given  in 
practically  all  cases  of  this  nature  is  "Don't !"  Better 
rewind  with  normal  three-phase  coils  and  avoid  the  host 
of  troubles  which  follow  in  the  train  of  an  indififerently 
operating  motor. 

Of  course,  one  essential  in  any  phase  reconnecting  is 
to  go  over  the  winding  and  rearrange  the  "phase  coils," 
or  coils  having  heavier  insulation,  so  that  they  will 
come  properly  at  the  ends  of  the  groups  where  the  volt- 
age is  highest.    This  is  illustrated  in  Figs,  i  and  9. 

One  case  of  voltage  and  phase  change  which  works 
out  very  well  is  the  change  from  three-phase  550  volts 
to  two-phase  440  volts,  or  vice  versa.  This  uses  all  the 
turns  in  the  winding  for  either  connection,  since  the  two- 
phase  voltage  should  be  about  80  percent  of  the  three- 
phase,  and  since  the  higher  voltage  on  the  three-phase 


cuts  down  the  current,  which  would  otherwise  be  higher 
than  the  two-phase  circuit.  If  the  phase  coils  are  re- 
arranged there  is  practically  no  objection  to  such  a  re- 
connection  and  the  motor  will  give  essentially  the  same 
performance  on  either  connection. 

Table  I  shows  the  possibilities  of  these  interphase 
connections,  as  well  as  the  different  voltage  changes. 
For  example,  take  the  case  just  cited.  Follow  the  hori- 
zontal line  marked  2-Phase  Series  to  the  first  vertical 
column  headed  j-Phase  Series.  The  figure  is  123.  This 
means  that  a  motor  originally  connected  two-phase 
series,  if  reconnected  three-phase  series,  should  be  oper- 
ated on  125  percent  of  the  original  voltage.  Or,  if  the 
two-phase  voltage  was  440  the  three-phase  would  be 
1.25  X  440  =  550  volts.  The  convenience  of  Table  I 
is  demonstrated  for  phase  changes,  as  well  as  voltage 
changes,  or  for  combinations  of  both. 

Changes  in  Frequency — The  occasion  often  arises 
for  changing  25  cycle  motors  to  60  cycle  and  60  to  25. 
There  is  also  some  changing  done  from  60  cycles  to  50 
and  50  to  60.  Occasionally  40  cycle  motors  are  changed 
to  60,  but  these  changes  are  too  infrequent  to  be  of  very 
general  interest. 

In  all  cases  of  changed  frequency  the  question  that 
first  arises  is: — How  is  the  resulting  change  in  speed 
to  be  taken  care  of?  The  synchronous  speed  of  any 
motor  (which  is  only  a  few  percent  higher  than  the 
full-load  speed)  is  given  by  the  general  expression 
Alternations  per  Minute 


Number  of  Poles 


.  This  would  l)c 


3000 


Number  of  Poles 


c  1  7200  .  . 

^°'  -5  'y^^'''  Number  of  Poles  *°''  ^^°  ^'>"='^^'  "''■  ^^ 
then  the  frequency  is  changed  and  the  number  of  poles 
left  the  same  the  resulting  r.p.m.  will  vary  directly  as  the 
frequency.  This  immediately  brings  up  two  questions : — 
First,  is  the  mechanical  design  of  the  rotating  part  ade- 
quate to  allow  such  a  change  in  speed  ?  Second,  can  the 
speed  of  the  driven  machine  be  adjusted  to  suit  the  new 
speed  on  the  motor? 

Consider  first  the  case  where  the  frequency  is 
changed  and  the  number  of  poles  remain  the  same.  The 
resulting  change  in  speed  in  this  case  is  taken  care  of 
either  by  applying  the  motor  to  a  new  load  or  by  chang- 
ing the  pulleys  on  the  old  load  so  as  to  keep  the  same 
r.p.m.  on  the  driven  machine.  The  next  thing  that  must 
be  considered  is  the  necessary  change  in  the  voltage  ap- 
plied to  correspond  to  the  change  in  frequency,  or  the 
other  way  about,  if  the  new  circuit  at  the  new  frequency 
has  the  same  voltage  as  was  used  with  the  original  fre- 
quency, how  can  the  coils  in  the  motor  be  reconnected 
so  as  to  get  the  proper  voltage  on  each  coil  ? 

The  easiest  rule  to  remember  is  to  vary  the  applied 
voltage  on  the  motor  in  exactly  the  same  way  as  the  fre- 
quency is  varied.  If  this  be  done  the  magnetic  field  in 
the  iron  will  remain  the  same  and  the  current  in  the 
stator  and  rotor  coils  will  remain  the  same,  if  the  motor 
is  working  against  the  same  torque.  This  is  another  way 
of  saving  that  if  the  frequency  and  voltage  are  varied 
together,  the  motor  will  develop  the  same  torque  at  all 
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times  and  have  flowing  in  it  approximately  the  same  cur- 
rent. As  noted  in  the  earlier  paragraphs,  if  the  torque 
remains  the  same,  the  horse-power  developed  will  vary 
directly  as  the  applied  frequency,  that  is,  for  example, 
a  60  cycle,  50  horse-power  motor  operated  on  25  cycles 
at  41.6  percent  of  its  original  voltage  would  develop  the 
same  normal  full-load  torque,  which  would  mean  20.8 
horse-power. 

The  case  most  commonly  met  with,  which  is  changing 
from  25  cycles  to  60  cycles,  can  often  be  taken  care  of 
by  impressing  twice  the  voltage  on  the  coils  on  60  cycles 
as  on  25  cycles,  or  in  a  concrete  case  operating  a  220 
volt,  25  cycle  motor  on  440  volts,  60  cycles,  at  about 
double  the  horse-power.  Theoretically,  this  should  be 
60  ^-  25  =  2.4  times  the  voltage,  instead  of  twice,  and 
the  resulting  horse-power  would  be  2.4  times.  How- 
ever, 2.4  times  is  usually  hard  to  get  and  two  times  com- 
paratively easy.  In  this  case  suppose  the  motor  was 
connected  in  series  star  for  440  volts  on  25  cycles  and 
it  is  desired  to  run  it  on  440  volts,  60  cycles.  It  should 
then  be  connected  in  parallel  star  and  run  on  440  volts, 
which  would  have  the  same  effect  as  impressing  880 
volts  on  the  original  series  connection.  On  60  cycles 
the  motor  would  then  run  2.4  times  as  fast  and  develop 
about  twice  the  horse-power.* 

Sixty  cycle  motors  are  often  run  on  50  cycles  with- 
out change.  From  the  rule  above,  that  the  voltage  must 
vary  with  the  frequency  to  keep  the  same  magnetic 
densities,  it  will  be  noted  that  the  densities  on  50  cycles 
at  the  same  voltage  will  be  six-fifths  of  the  60  cycle 
densities.  The  motor  will  then  operate  as  if  it  had  120 
percent  of  normal  voltage  impressed.  This  will  result  in 
increased  iron  losses,  which  make  the  motor  hotter,  and 
the  decreased  speed  on  50  cycles  with  same  number  of 
poles  also  make  the  ventilation  poorer,  so  that  the  output 
of  the  motor  in  horse-power  should  be  reduced  to  keep 
down  the  copper  losses.  This  is  logical  in  another  way, 
because  the  horse-power  at  five-sixths  speed  should  not 
be  expected  to  be  more  than  five-sixths  of  its  full  speed 
value.  Another  point  that  should  be  watched  in  chang- 
ing frequency  if  the  motor  has  a  squirrel-cage  rotor  is 
that  the  rotor  winding  has  enough  resistance  to  give  the 
proper  starting  torque.  As  the  frequency  is  raised  the 
resistance  of  the  short  circuiting  rings  at  the  ends  of  the 
rotor  winding  should  be  increased  to  keep  the  same  rela- 
tive value  of  starting  torque  to  full-load  torque.  As  long 
as  the  motor  starts  its  load  satisfactorily  no  change  is 
necessary,  but  if  trouble  is  experienced  the  short  cir- 
cuiting rings  may  have  to  be  changed  for  ones  of  higher 
resistance.  Conversely,  when  decreasing  the  frequency 
the  resistance  can  be  reduced  to  advantage,  thereby  cut- 
ting down  the  rotor  copper  loss  and  the  heating. 

Where  the  frequency  is  to  be  changed,  but  it  is  de- 
sired to  keep  the  same  speed,  the  number  of  poles  must 
be  changed  in  the  same  ratio  as  the  frequency,  or  as 
nearly  so  as  possible.  For  example,  if  a  motor  has 
four  poles  and  is  operated  on  25  cycles  it  will  have  a  syn- 

*See  articles  by  Mr.  G.  B.  Werner  in  the  Journal.  \"oI.  Ill, 
p.  400;  and  by  Mr.  R.  E.  Hellmund,  Vol.  Ill,  p.  680. 


chronous  speed  of  3000  h-  4  =  750  r.p.m.  If  the  motor 
is  to  have  the  same  speed  on  60  cycles  the  nearest  pos- 
sible pole  number  is  10  and  the  synchronous  speed  will 
be  7200  -^  10  =  720.  It  is  apparent  that  in  very  few 
cases  of  this  kind  is  it  possible  to  reconnect  the  same 
winding.  The  main  reason  for  this  is  in  the  throw  or 
pitch  of  the  coil.  In  the  four-pole  winding  the  indi- 
vidual coil  spans  approximate  one-fourth  of  the  stator 
bore,  and  in  the  ten-pole  winding  normal  coils  should, 
span  about  one-tenth  of  the  stator  bore.  In  the  para- 
graph on  chorded  windings  it  was  pointed  out  that  the 
throw  of  the  coil  has  an  effect  on  the  generated  counter 
e.m.f.  proportional  to  the  sine  of  one-half  the  electrical 
angle  spanned  by  the  coil.  This  consideration  makes 
hardly  possible  such  a  condition  as  connecting  a  winding 
for  ten  poles  when  the  individual  coils  have  a  four-pole 
throw.  When  reducing  the  frequency  the  number  of 
poles  should  become  smaller  to  keep  the  same  speed,  and 
this  introduces  another  difficulty  in  the  magnetic  circuit. 
In  reconnecting  the  winding  the  object  is  to  keep  the 
total  magnetic  flux  in  the  machine  the  same  as  it  was 
originally.  This  keeps  the  magnetic  density  in  the-  teeth 
constant.  This  total  magnetic  flux  is  divided  up  into  as 
many  equal  parts  or  circuits  as  there  are  poles.  The  iron 
in  the  stator  core  between  the  bottoms  of  the  slots  and 
the  outside  of  the  core  has  to  carry  the  flux  for  each 
magnetic  circuit.  Consequently,  if  there  are  ten  poles 
and  ten  magnetic  circuits  the  core  iron  below  the  slots 
has  to  carry  at  a  given  cross  section  one-tenth  of  the 
total  magnetic  flux.  With  the  same  total  magnetic  flux, 
if  there  are  only  four  poles  and  four  magnetic  circuits, 
the  same  cross  section  of  core  has  to  carry  one-fourth 
of  the  total  magnetic  flux,  which  it  is  probably  unable 
to  do.  This  is  the  reason  why  the  rotor  diameter  and 
stator  bore  of  a  25  cycle  machine  are  smaller  than  those 
of  a  60  cycle  machine  of  the  same  horse-power  and 
speed,  although  the  outside  diameter  may  be  nearly  the 
same.  It  is  to  get  a  larger  cross  section  behind  the  slots 
for  the  passage  of  the  magnetic  flux,  since  the  total  flux 
is  divided  into  fewer  parts,  owing  to  the  smaller  number 
of  poles.  From  this  it  follows  that  a  machine  may  in 
general  be  rewound  or  reconnected  for  a  larger  number 
of  poles,  but  that  great  caution  is  required  in  reconnect- 
ing for  a  smaller  number  of  poles.  This  leads  up  to  the 
statement  that  it  is  easier  to  rewind  or  reconnect  25  cycle 
machines  for  60  cycles  than  it  is  to  reconnect  60  cycle 
machines  for  25  cycles.  This  follows  logically  from  the 
physical  fact  that  there  is  more  copper  and  more  iron  in 
25  cycle  machines  for  the  same  horse-power,  voltage  and 
r.p.m.  than  in  60  cycle  machines.  It  is  always  easier  to 
make  changes  where  there  is  a  larger  supply  of  material 
available.  Another  condition  that  is  against  changing 
the  number  of  poles  on  a  squirrel-cage  motor  is  the  cur- 
rent in  the  short-circuiting  rings  of  the  rotor  winding. 
These  rings  are  in  nearly  the  same  case  as  regards  cur- 
rent that  the  primary  core  is  as  regards  magnetic  flux. 
That  is  to  say,  the  total  secondary  amperes,  which  re- 
main nearly  the  same  if  the  reconnection  is  done  prop- 
erly, are  divided  into  as  many  circuits  as  there  are  poles. 
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and  it  follows  at  once  that  the  smaller  the  number  of 
poles  the  larger  must  be  the  cross-section  of  the  short- 
circuiting  rings,  although  the  total  secondary  amperes 
remain  nearly  the  same.  Altogether,  the  possibility  of 
reconnecting  for  different  numbers  of  poles  when  chang- 
ing frequency  is  usually  a  matter  for  the  designing 
engineer  to  investigate. 

Changes  in  the  Number  of  Poles,  all  other  conditions 
remaining  the  same.  The  need  for  such  changes  comes 
from  the  desire  to  speed  up  or  slow  down  the  driven  ma- 
chine to  meet  new  requirements.  It  might  be  broadly 
stated  that  there  are  many  cases  where  a  change  of  two 
poles  is  permissible,  as  for  example,  changing  from 
four  poles  to  six,  or  from  ten  to  eight  and  the  like.  The 
change  would  consist  in  rearranging  the  phase  coils  to 
agree  with  the  new  grouping  and  checking  the  chord 
factor,  as  mentioned  above,  to  note  its  effect  on  the  volt- 
age. The  proper  diagram  for  the  new  speed  can  then 
be  made  up  by  comparison  with  the  corresponding  typ- 
ical diagram  in  this  article.  It  is  often  possible  to  get  a 
fair  operating  half  speed  by  connecting  for  twice  the 
number  of  poles,  as  shown  in  Figs.  15,  17  and  18.  Prac- 
tically all  reconnections  involving  pole  changes  are  class 
B  changes,  in  that  they  give  only  a  fair  operating  per- 
formance. 

The  procedure  in  checking  up  a  machine  to  see  if  it 
can  be  reconnected  is  first  to  ascertain  the  existing  con- 
nection and  the  throw  of  the  coils  in  order  to  know 
what  the  possibilities  are  in  the  way  of  number  of  turns 
and  throw.  Second,  if  it  is  a  phase  or  voltage  change, 
find  directly  from  Table  I  what  connections  will  give 
approximately  the  proper  new  voltage  and  new  phase. 
If  any  one  of  these  connections  is  possible  with  the  num- 
ber of  poles  in  the  machine,  select  it  as  the  new  connec- 
tion and  arrange  the  phase  coils  properly  at  the  begin- 
ning or  ending  of  the  groups,  or  at  each  end  of  the 
groups  if  there  are  enough  of  them  in  the  old  winding. 
Since  the  speed  has  not  changed  the  horse-power  should 
remain  approximately  the  same,  and  the  current  in  the 
coils  themselves  will  remain  somewhere  near  the  orig- 
inal. If  the  frequency  is  to  be  changed  either  independ- 
ently or  in  conjunction  with  a  phase  or  a  voltage  change, 
the  applied  voltage  should  be  changed  in  the  same  direc- 
tion and  by  the  same  amount  as  the  frequency  is 
changed,  or  if  the  voltage  is  to  remain  unchanged  the 
number  of  turns  in  series  in  the  coils  should  be  changed 
in  the  opposite  direction  to  the  frequency  and  by  the 
same  amount.  For  example,  if  a  25  cycle  motor  is  to  be 
run  on  30  cycles,  it  should  have  the  voltage  increased  20 
percent,  or  else  have  the  groups  reconnected  so  that 
there  will  be  20  percent  less  turns  in  series  and  run  on 
the  same  voltage. 

If  the  number  of  poles  is  to  be  changed,  and  conse- 
quently the  speed,  check  first  the  effect  of  the  coil  throw 
or  chording  with  the  new  number  of  poles.  Then  think 
of  the  motor  winding  as  generating  counter  e.m.f.  and 
bear  in  mind  that  with  a  constant  field  a  higher  speed 
will  generate  more  e.m.f.  and  a  slower  speed  less  e.m.f. 
Converted   into  voltage  this   means  that   with   a   higher 


speed  a  higher  voltage  should  be  applied  in  direct  pro- 
portion and  with  a  lower  speed  a  lower  voltage  should 
be  applied.  If  the  voltage  cannot  be  changed  try  to 
change  the  diagram  of  group  connections  so  as  to  vary 
the  number  of  turns  in  series  in  the  right  way,  i.  e.,  if 
voltage  should  be  increased  the  same  effect  can  be  ob- 
tained by  decreasing  the  number  of  turns  a  like  amount. 
In  all  these  cases  it  is  the  voltage  per  turn  or  per  con- 
ductor which  counts,  just  as  in  a  transformer,  and  a 
careful  consideration  of  the  effect  of  different  connec- 
tions will  show  whether  the  desired  change  in  voltage 
per  conductor  is  being  accomplished. 

As  a  concrete  example  of  the  foregoing,  assume  a 
25  horse-power,  four-pole  motor  operating  on  40  cycles, 
two-phase,  220  volts.  It  is  desired  to  know  whether  it 
can  be  reconnected  to  operate  on  60  cycles,  three-phase, 
550  volts  at  the  same  speed  and  horse-power. 

An  inspection  of  the  machine  shows  that  it  has  72 
slots  and  72  coils  and  that  any  individual  coil  lies  in 
slots  I  and  15,  also  that  the  groups  are  connected  in 
parallel.  Since  there  are  72  -^-  4  =  18  slots  per  pole, 
each  slot  is  180  -1--  t8  =  10  electrical  degrees  and  14 
slots  =  140  electrical  degrees.  (The  throw  of  i  to  15 
means  spanning  14  slots).  The  sine  of  one-half  of  140 
degrees  ( or  70  degrees  :=  0.94  ^  chord  factor,  or 
figured  by  the  formula  without  trigonometry,  since 
there  are  18  slots  per  pole  and  a  throw  of  i  to  15  means 
dropping  4  slots  from  exact  pitch,  the  chord  factor  = 
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the  motor  on  40  cycles  as  it  stands  is  4800  -^  4  =  1200 
r.p.m.  To  get  this  same  speed  on  60  cycles  it  is  evident 
the  motor  will  have  to  be  connected  for  7200  -^  1200  ^ 
6  poles.  If  the  throw  of  the  coils  lie  left  1-15  they 
will  throw  two  slots  further  than  full  pitch,  since 
72  -^  6  =  12  slots  per  pole  and  i  to  13  would  be  exact 
pitch.  Throwing  the  coil  over  pitch  has  the  same  eft'ect 
as    throwing   it   under   pitch   so   the   new    chord    factor 
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of  one-half  of  150  degrees  =  0.98.  Taking  into  ac- 
count the  changes  in  phase,  poles,  frequency  and 
chording  the  new  applied  voltage  per  phase  should  be 

880        4        60        o.q8 
— —  X   7  X  — -  X  -^^  =  305  volts. 
3  0         40        0.94        -^  -^ 

The  explanation  of  this  expression  by  terms  is  :— 

The  first  term,  880  -^  3,  comes  from  the  change  in  phase 

from   2   to   3.      Since   the   original   connection   was   in 

parallel  and  was  for  two-phase,  the  voltage  across  one 

phase  in  series  would  be  2  X  220  =  440,  and  the  voltage 

across  both  phases  in  series  would  be  2  X  440  =  880 

volts.      If   the   winding   is   divided    into   three   separate 

phases  not  interconnected,  the  applied  voltage  on  each 

phase  would  be  880  -^  3.      The  next  term.  4  ^-  6,  is 

due  to  the  change  in  poles.     A   motor  with   six  poles 

would  run  slower  on  the  same  frequency  than  a  motor 

with  four  poles  and  would  generate  less  counter  e.m.f. 

Consequently,  the  a|)plied  voltage  should  be  decreased 

in  the  same  proportion.     This  should  not  he  confused 
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with  the  fact  that  the  frequency  is  being  changed  in  this 
case  and  the  speed  kept  the  same  because  a  separate 
factor  is  introduced  to  take  care  of  the  frequency.  The 
pole  change  should  be  considered  as  an  item  separate 
from  the  frequency  change.  The  next  term,  60  -f-  40, 
is  due  to  the  change  in  frequency  and  is  the  application 
of  the  rule  to  change  the  applied  voltage  directly  as  the 
frequency  is  changed.  The  last  term,  0.98  ^-  0.94,  is 
due  to  the  difference  in  chord  factor.  With  a  throw  of 
I — 15  the  coils  are  more  effective  to  generate  counter 
e.m.f.  on  the  six-pole  than  on  the  four-pole  connec- 
tion by  the  ratio  of  the  chord  factors  0.98  to  0.94, 
hence  the  applied  voltage  should  be  raised  with  the 
counter  e.m.f. 

As  just  stated,  this  figure  of  305  volts  means  that  if 
the  winding  was  divided  into  three  separate  phases  not 
interconnected  in  any  way  the  voltage  should  be  305 
volts  across  each  phase.  If  the  three  phases  are  con- 
nected in  star,  as  in  Fig.  3,  the  applied  voltage  should  be 
1.73  X  305  =  530  volts.  Since  this  is  only  about  3.5 
percent  off  from  the  550  volts  which  is  to  be  used  this 
motor  will  operate  satisfactorily.  This  calculation  for 
voltage  so  far  neglects  the  difference  in  the  so-called  "dis- 
tribution factor"  between  three-phase  and  two-phase,  but 
this  is  immaterial.  This  factor  acts  the  same  way  as  the 
chord  factor,  and  is  about  0.955  ^or  ^"y  normal  three- 
phase  windings  and  0.905  for  any  normal  two-phase 
winding,   so  that  the  applied   voltage  should   really  be 

530  X  ^^255,  _  260  volts,  which  is  almost  exactly  what 

is  required.  This  motor  could  then  have  its  phase 
coils  rearranged  for  six  poles  and  be  connected  series 
star  and  would  be  proper  for  the  new  conditions.  The 
changes  involved  do  not  materially  affect  the  slip,  so 
that  no  change  is  required  in  the  rotor  winding.  This 
example  is  not  intended  as  an  exact  method  of  design, 
but  simply  illustrating  a  rough  calculation  to  see  what 
are  the  possibilities. 

After  a  motor  is  reconnected  or  after  any  change  is 
made  in  the  winding,  it  should  be  started  up  slowly  and 
the  load  gradually  thrown  on,  observing  carefully  to  see 
if  there  are  any  signs  of  distress,  such  as  sudden  heat- 
ing, noise  or  mechanical  vibration.  If  the  motor  seems 
to  operate  normally  read  the  amperes  in  each  phase  and 
the  voltage  across  each  phase  to  see  that  they  are  bal- 
anced and  are  reasonable  in  amount.  The  full-load  cur- 
rent for  three-phase  550  volts  is  somewhere  near  one 
ampere  per  horse-power  for  normal  motors  of  moderate 
speeds  between  5  and  200  horse-power.  At  other  volt- 
ages this  will  be  inversely  as  the  voltage  e.  g.  at  440 
volts,  three-phase,  about  1.25  amperes  per  horse-power. 
On  two-phase  the  current  per  phase  is  about  87  percent 
of  the  corresponding  three-phase  value.  If  the  readings 
as  above  look  reasonable  a  thermometer  should  be  placed 


on  the  stator  iron  and  another  on  the  stator  coils  and 
noted  at  15  minute  intervals  for  an  hour,  and  at  half- 
hour  intervals  thereafter,  till  the  temperature  is  con- 
stant. The  speed  should  be  checked  at  intervals.  If 
the  r.p.m.  show  a  tendency  to  decrease  rapidly  or  fall 
below  90  percent  of  synchronous  speed  it  may  be  sus- 
pected that  the  rotor  has  too  much  resistance  and  is  get- 
ting hot.  By  making  all  these  checks  reasonable  assur- 
ance may  be  had  that  the  reconnection  is  satisfactory 
and  damage  to  the  machine  avoided. 

CONCLUSION 

From  the  foregoing  it  can  be  seen  that  all  changes, 
whether  of  phase,  voltage,  poles  or  frequency,  may  be 
considered  as  voltage  changes  and  reduced  to  such  terms. 
In  making  such  calculations  and  comparing  the  results  it 
is  best  not  to  apply  a  voltage  that  differs  from  the  figured 
proper  voltage  by  more  than  plus  or  minus  ten  percent. 
The  general  effect  of  high  and  low  voltage  may  be  ex- 
pressed briefly,  thus : — 

High  Voltage — 

a — Increases  magnetic  density. 

b — Increases  magnetizing  current. 

c — Decreases  "leakage  current"  (leakage  reactive  compo- 
nent). 

d — Increases  starting  torque  and  maximum  torque. 

e — Decreases  slip  or  change  in  speed  from  no  load  to  full 
load. 

{—Decreases  secondary  copper  loss. 

g — Increases  iron  loss. 

h — Usually  decreases  power-factor. 

i — May  increase  or  decrease  efficiency  and  heating,  depend- 
ing upon  the  proportions  of  primary  copper  loss  and 
iron  loss  in  the  normal  machine  and  also  the  degree  of 
saturation  in  the  iron. 

Low  Voltage — 

a — Decreases  magnetic  density. 

b — Decreases  magnetizing  current. 

c — Increases  leakage  current. 

d — Decreases  starting  and  maximum  torque. 

e — Increases  slip. 

f — Increases  secondary  copper  loss. 

g — Decreases  iron  loss. 

h — Usually  increases  power-factor. 

i — May  increase  or  decrease  efficiency  and  heating,  depend- 
ing upon  the  proportions  of  primary  copper  loss  and 
iron  loss  in  the  normal  machine  and  also  the  degree  of 
saturation  in  the  iron. 

Finally  it  may  be  stated  that 

I — Changes  in  voltage  alone  are  the  easiest  class  of  changes 
and  can  usually  be  made. 

2— Changes  in.  number  of  phases  alone  can  rarely  be  made 
satisfactorily  and  are  usually  onb'  makeshifts. 

3 — Changes  in  number  of  poles  are  limited,  due  to  the  me- 
chanical form  of  the  coils. 

4 — Changes  of  frequency  alone  or  in  combination  with 
voltage  or  phase  can  sometimes  be  made  if  changes  in  speed 
arc  not  objectionable. 

5 — Complicated  changes  should  not  be  attempted  except  by 
persons  of  some  experience  and  should  be  handled  with  caution. 

6 — If  the  peripheral  speed  of  the  rotor  (which  equals  rotor 
diameter  in  feet  X  3-14  X  r.p.m.)  exceeds  7000  feet  per  minute 
on  any  proposed  change  the  maker  of  the  motor  should  be  con- 
sulted before  making  the  change. 

7— In  case  of  any  doubt  on  any  point  refer  to  the  manufac- 
turer of  the  machine. 


Effect  of  Exciting  Current 

ON  THE  ECONOMY  OF  OPERATION  OF  DISTRIBUTING  TRANSFORMERS 

E,  G.  Reed 

THE  EXCITING  current  of  a  transformer  may  be  defined  as  the  current  flowing  in  the  high-tension  winding 
when  no  current  is  flowing  in  the  low-tension  circuit.  It  is  not  always  appreciated  that  the  exciting  current 
causes  a  copper  loss  in  the  generating  and  primary  distributing  system,  which  is  continuous  as  long  as  the 
transformer  is  connected  to  the  distributing  circuit.  The  following  article  gives  an  idea  of  the  magnitude 
of  the  copper  loss  due  to  the  no-load  transformer  current  for  a  number  of  typical  cases. 


THE  exciting  current  of  a  transformer  is  composed 
of  two  parts,  one  of  which  magnetizes  the  iron 
circuit  and  the  other  supplies  the  actual  iron 
loss.  The  impressed  vohage  and  magnetic  flux  are  90 
degrees  apart  in  time  phase  relation,  since  the  mag- 
netic flux  in  the  iron  circuit  of  the  transformer  is  a 
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FIG.    I — VECTOR  DIAGRAM   OF   LOAD  AND   EXCITING   CURRENTS   IN 
TRANSFORMER   PRIMARY 

maximum  when  the  impressed  vohage  is  zero,  and  zero 
when  the  impressed  voltage  is  a  maximum.  As  the  mag- 
netizing element  of  the  exciting  current  is  in  phase  with 
the  flux,  it  also  is  at  right  angles  to  the  impressed  voltage 
and  is,  therefore,  wattless.  In  other  words,  the  magnet- 
izing current  represents  energy  which  is  used  to  mag- 
netize the  iron  circuit.  On  the  other  hand,  the  eddy  and 
hysteresis  losses  represent  actual  energy  loss,  which  ap- 
pears as  heat  in  the  magnetic  circuit.  The  current  which 
supplies  this  loss  is  in  phase  with  the  impressed  voltage 
and  is  a  working  current.  Fig.  i  shows  the  relation  of 
these  quantities.  The  total  current  on  the  primary  side 
of  the  transformer  from  Fig.  i  is, — 

/  =  {ll  +m''Il  -  2  m  Ilcos[i8o  -  i0—  cc)]]K.  .{!) 
Where  II  is  the  primary  load  current  due  to  the  load 
current  on  the  secondary  side,  and  m  Jl  is  the  exciting 
current.  In  this  case  ut  is  the  percent  exciting  current 
of  the  transformer,  based  on  its  normal  full  load  current. 
The  total  line  loss  is  equal  to  the  square  of  the  current 
multiplied  by  the  total  resistance  on  the  primary  side  of 
the  transformer,  including  that  of  the  generator,  distrib- 
uting lines  and  other  intervening  apparatus,  such  as  step- 
up  or  step-down  transformers.  The  total  distributing 
loss  is,  therefore, — 

llR  +  m^  IlR  +  2m  IlRcos  (0  —  a) (2) 

Where  R  is  the  total  resistance  on  the  primary  side 
of  the  transformer  as  described  above.  The  part  of 
this  loss  due  to  the  normal   primary   working  current 


II  is  11  R  and  the  part  due  to  the  e.\citing  current  is 
m  IIR  [m+  2  cos  {p  -  a)].  Since  the  exciting  cur- 
rent is  constant  and  independent  of  the  transformer 
load,  the  loss  due  to  it  is  also  constant  and  independent 
of  the  load.  Expressing  IIR  as  a  percentage  of  the 
power  P  delivered,  it  may  be  written, — 

PP  =  IIR 0) 

and  the  copper  loss  due  to  the  exciting  current  is  then, — 

mpP  {m  +  2  cos  {p  —  a)\ (4) 

The  total  output  P  may  represent  the  output  of  any 
number  of  transformers  or  of  a  single  unit. 

This,  expressed  as  a  percentage  of  the  iron  loss  of 
the  transformer,  is, — 

mp  [  m  +  2  cos  (0  —  a)  ] 


Percent  iron  loss  of  transformers 

EXAMPLE 

Let  the  following  data  refer  to  a  group  of  transformers,- 
Percent  exciting  current-m  =     5 

Percent  distributing  copper  loss-p  =  12 
Percent  iron  loss  of  transformers  =  i 
Power-factor  of  load  =   go 


■  is) 


FIG.  2 — LOSS  IN  TRANSMISSION  LINE 

Expressed  in  percent  of  the  iron  loss  of  the  transformers, 
based  on  12  percent  distributing  copper  loss. 


Therefore, 

a 

=    25"    51'- 

Co 

0 

=    °-5i  =  0.2 
0.05 

Therefore 

0 

=  78°  28' 

Then  cos  ( /3 — 

a) 

=  0.607 

From 

equation  (5) 

the  loss  now  becomes. 

0.0s  X  0.12  (0 

05 

-1-  2  X  0.60T) 
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That  is,  the  loss  in  the  system  due  to  the  transformer 
exciting  current  is  equal  to  practically  76  percent  of  that 
of  the  iron  loss  of  the  transformers.  The  curve  in  Fig. 
2  shows  this  loss  with  loads  of  different  power-factors. 
In  this  particular  case  it  is  interesting  to  note  that  the 
loss  becomes  a  maximum  when  the  load  current  and 
exciting  currents  are  in  phase,  which  occurs  at  a  load 


whose  power-factor  is  20  percent.  Of  course  the  range 
of  power-factor  ordinarily  encountered  is  from  100  to 
80  percent.  From  the  curve  it  is  apparent  that  the 
loss  increases  rapidly  with  power-factors  below  100 
percent  down  to  approximately  80  percent.  Thereafter 
the  loss  increases  more  slowly  with  decrease  of  power- 
factor. 


The  Open  Delta  Connection  for  Transformers 


J.   B.   GiBBS 

Transformer  Engineering  Dept., 
Westinghouse  Electric  &  Mfg.  Company 


IT  IS  well  known  that  two  tran.s formers  may  be  con- 
nected in  open  delta  to  a  three-phase  system  to 
deliver  three-phase  power.  The  characteristics  of 
this  connection  may  be  understood  by  considering  three 
transformers  connected  in  closed  delta  and  then  noting 
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the  changes  which  occur  when  one  of  the  transformers 
is  disconnected. 

Such  a  bank  is  shown  in  Fig.  i,  with  high-tension 
delta  1-2-^,  low-tension  delta  a-b-c,  and  low-tension  lines 
aA,  bB  and  cC.  The  arrows  indicate  the  positive  direc- 
tion of  currents.  The  vector  diagram,  Fig.  2,  shows  the 
relation  of  the  currents  in  the  windings  and  lines.  The 
currents  in  the  three  transformers  are  respectively  I'ab, 
I'bc,  and  j'ca,  120  degrees  apart.  The  current  in  the  line 
aA  is  the  vector  sum  of  the  currents  flowing  from  c  to 
a  and  from  6  to  o;  i.e., — 

/aA    =   lea  -1-  tba   =  ica   —  Jab 

Similarly  the  line  currents  /bB  and  JcC  are  found  as 
shown. 

If  the  power-factor  of  the  load  be  assumed  as  100 
percent,  the  voltages  from  a  to  b,b  to  c,  and  c  to  a  will  be 
respectively  in  phase 
with  the  currents  fab,  ibc, 
and  Ica,  as  shown  in  Fig. 
2.  That  is,  the  load 
carried  by  each  trans- 
former has  the  same 
power-factor  as  the  load 
on  the  bank.  It  should 
be  noted  .^however,  that 
the  line  currents,  /aA, 
/bB,  and  /cC  are  not  in 
phase  with  the  volt- 
ages between  lines  /Tab,  Ebc,  and  £ca. 

Now  suppose  that  the  transformer  2-j-b-c  is  re- 
moved, leaving  the  arrangement  shown  in  Fig.  3.  Since 
the  load  is  unchanged,  the  line  currents  and  voltages  are 


-VECTOR   DIAGRAM    OF   DELTA 
CONNECTED   BANK 


the  same  as  before,  neglecting  the  effect  of  the  regula- 
tion, which  will  be  discussed  later.  Fig.  4  shows  these 
line  currents  and  voltages,  which  are  the  same  as  in 
Fig.  2.  Now,  however,  all  the  current  which  flows  out 
on  the  line  bB  must  flow  through  the  transformer  wind- 


FIG.    3 — OPEN    DELTA    CONNECTED    BANK    OF    TRANSFORMERS 

ing  ab,  and  consequently,  if  the  load  has  a  power-factor 
of  100  percent,  the  current  and  voltage  in  the  trans- 
former winding  are  30  degrees  apart,  as  shown  in  Fig. 
4,  and  the  transformer  is,  in  effect,  operating  at  86.6 
percent  power-factor. 

In  the  closed  delta  bank  with  a  balanced  load,  the 
power  of  each  transformer  is  I'abEab  and  the  total  power 
of  the  bank  is, — 

P   =  3  tabfiab 

/bB 
but    lab   =        — 
\  3 
/bB  _ 

and  therefore,  P  =  3  ~^  £ab  =  v'j  /bB  £ab 

which  is  the  same  as  the  total  rating  of  the  three  trans- 
formers. 

In  the  open  delta  bank,  to  deliver  the  same  amount 
of  power  as  before,  the  size  of  the  transformers 
must  be  increased  so  as 
to  carry  the  line  current 
/bB,  and  since  there  are 
now  two  transformers, 
their  combined  rating 
must  be, — 

Total  rating    =   2  /bB  £ab 

This  is  about  15  percent 
greater  than  the  total 
rating  for  the  equivalent 
closed  delta  bank,  but, 
as  shown  below,  this  is  not  necessarily  a  disadvantage. 

REGULATION 

The  regulation  for  a  closed  delta  bank  carrying  a 
load  at   100  percent  power-factor  is  shown  in  Fig.  5. 


FIG.    4 — VECTOR    DIAGRAM    OF    OPEN 
DELTA   CONNECTED   BANK 
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The  no-load  voltages  are  iiab,  £bc,  and  Sea,  120  degrees 
apart,  and  the  drop  in  each  transformer  consists  of  a 
resistance  component,  ir,  in  phase  with  the  current  and 
a  reactance  component,  ix,  perpendicular  to  the  cur- 
rent.^ These  drops  subtracted  from  the  no-load 
voltages  give  the  full  load  voltages  £'ab,  £'bc,  and  £'ca. 
ti  f^The  regulation  for  an  open  delta  bank  with  a  100 
percent  power-factor  load  is  shown  in  Fig.  6.     The  no- 


-RKGULATION    FOR   CLOSED 
DELTA  BANK 


FIG.  6 — REGULATION   FOR  OPEN 
DELTA   BANK 


load|voltages  are  £ab,  iibc,  and  £ca,  as  before;  the  cur- 
rent /bB  flows  in  the  line  bB  and  in  the  transformer 
from  a  to  6  (Fig.  3),  and  the  current  /cC  flows  in  the  line 
cC  and  in  the  transformer  from  a  to  c.  The  drop  in  the 
transformer  ah  consists  of  a  resistance  component,  ir, 
in  phase  with  the  current  /bB  and  a  reactance  compo- 
ent,  ix,  perpendicular  to  7bB,  and  this  total  drop,  sub- 
tracted from  the  no-load  voltage  Eab,  gives  the  full-load 
voltage  £'ab.  In  the  transformer  ca,  the  resistance 
drop  is  in  phase  with  the  current  IcC  and  the  reactance 
drop  is  perpendicular  to  this  current,  but  the  resultant 
drop  must  be  added  to  the  no-load  voltage  £ca  to  give 
the  full  load  voltage  £'ca,  because  the  current  /cC  flows 
through  the  transformer  in  a  negative  direction,  i.e., 
opposite  to  the  arrow.  Fig.  i,  and  opposite  to  the 
voltage  Ecu..  The  full  load  voltage,  E'hc,  is  the  vector 
sum  of  the  voltages  £'ba  and  E'ac  and  is  found  as  in- 
dicated in  Fig.  6.     Thus  there  is  an  unbalancing  in  the 


FIG.    7 — VECTOR    DIAGRAM    OF 

DELTA  BANK,  CARRYING  LOAD 

OF    ANY    POWER-FACTOR 


FIG.  8 — VECTOR  DIAGRAM  OF 
OPEN  DELTA  BANK.  CARRYING 
LOAD    OF    ANY    POWER-FACTOR 


carrying  a  load  of  any  power  factor.  Vectors  7ab,  tbc, 
and  I'ca  represent  the  currents  in  the  windings  of  the 
three  transformers  and  they  lag  behind  the^full-load 
voltages  in  the  same  windings  by  the  angle  0,  whose 
cosine  is  the  power-factor  of  the  load.  The  voltage 
drop  in  each  transformer  consists  of  the  same  triangle 
as  before,  Fig.  5,  with  the  resistance  component,  ir, 
in  phase  with  the  current  and  the  reactance  component, 
ix,  at  right  angles  to  the  current.  The  vector  sum  of 
these  two  components,  added  to  the  full  load  voltages, 
gives  the  no-load  voltages. 

The  corresponding  diagram  for  two  transformers 
in  open  delta  is  shown  in  Fig.  8.  Since  the  power- 
factor  of  the  load  is  the  same  as  in  Fig.  7,  the  angular 
relations  of  the  line  currents  and  the  full-load  voltages 
will  be  the  same.  The  voltage  drop  in  the  transformer 
a-b  is  the  same  triangle  as  in  Fig.  6,  with  ir  in  phase 
with  the  line  current  ZbB  and  ix  perpendicular  to  /bB. 
Likewise,  the  voltage  drop  in  the  transformer  c-a  con- 
sists of  ir  in  phase  with  the  current  /cC  and  ix  perpen- 
dicular to  /cc;  and  the  full  load  voltage  £'bc  is  the 
resultant  of  £'ba  and  E's.c. 


full-load  voltages  of  transformers  connectetl  in  open 
delta.  The  unbalance,  however,  is  small  in  amount 
and  does  not  introduce  practical  difficulties. 

For  the  sake  of  simplicity,  the  assumption  has  been 
made,  thus  far^that  the  power-factor  of  the  load  is  100 
percent.  By  the  same  process  of  reasoning,  however, 
the  diagram  may  be  constructed  for  any  power-factor. 
Thus  Fig.  7  is  a  diagram  for  three  transformers  in  delta 


FIG.   9 — PARTICULAR  EXAMPLE   OF   GENERAL   DIAGRAM 
SHOWN    IN    FIG.    8 

It  must  be  understood,  of  course,  that  the  drops 
shown  in  these  diagrams  are  very  much  magnified. 
In  commercial  transformers  the  resistance  drop  may 
be  0.5  to  2  percent  of  the  voltage  and  the  reactance 
drop,  perhaps,  i  to  5  percent.  The  vector  diagram  is 
not  adapted  to  the  graphic  solution  of  problems  of  this 
kind,  where  there  is  a  large  difference  in  the  magnitude 
of  the  quantities  considered,  but  it  is  valuable  as  a 
guide  in  working  them  out  either  by  the  symbolic  or  by 
the  trigonometric  method.  An  example  will  make  this 
clear. 

Example — F~ind   the  full-load   voltages  for  the  fol- 
lowing case: — 
Given — 

Two  transformers  connected  in  open  delta. 

Transformer  rating 5  k.v.a.  each 

Full-load  output  of  the  bank. .  .     8.66  k.v.a. 

Resistance 1.66  percent 

Reactance 2.325  percent 

Power-factor  of  load 80  percent 

No-load  voltage icx)  percent 

Referring  to  Fig.  9,  the  full  load  voltage  is  drawn  at 
an  angle  6  from  the  vertical  such  that  cos  6  =  the  power. 
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factor  of  the  load.     The  current  JbB  is  30  degrees  from 
the  verticaL     Therefore, 

a  =  e  -  30° 
where  a  is  the  angle  by  which  the  current  in  the  trans- 
former lags  behind  the  voltage. 
Now  the  voltage  drop  in  a  transformer  is, — 

Drop*  =  ir  cos  a  -(-  ix  sin  a  -f   -—  {ix  cos  a  —  ir  sin  a)' 

From  the  trigonometric  relations, — 

cos  e  =  0.800 

sin  $  =  0.600 

cos  30  =  0.86603 

sin  30  =  0.30000 
therefore, 

cos  a  =   cos  8  cos  30  +  sin  6  sin  30 

=    0.800   X   .86603   +  0.6  X  0.3    =  0.QQ282 

sin  a   =  sin  9  cos  30  —  cos  6  sin  30 

=   0.600  X  0.86603  —  0.800  X  0.300  =  o.iig62 

and  the  voltage  drop  in  the  transformer  a-b  is, — 

Drop  =  1.66  X  0.Q0282  +  2.323  X  o.iig62  + 
{2.323  X  0.09282  —  1.66  X  0.11Q62)' 

200  -  ^■^'f(>- 

Consequently  the  percent  full-load  voltage  of  the 
transformer,  a-b,  is,- — 

£'ab  =  100  —  1.94Q  =  98.03 
The  next  step  is  to  find    the   angle    (8   between   the 
voltage  and  current  in  the  transformer  ca.     From  the 
figure  it  is  evident  that, — 

j3  =  120  -\-x  +  9  —  ()0=30-\-x-\-B. 
Now  the  component  of  the  drop  in  a-b  which  is  per- 
pendicular to  the  voltage,  is  (nearly) 

ix  cos  a   —  ir  sin  a 
-  2.323  X  0.99282  —  1.66  X  0.11962  =  2.1097 


and  therefore,  sin  x   = 


=   0.0211 


Then, — 


&  =68"  5'  44' 
cos    /3  =  0.37306 
sin    fi  =  0.92780 

and     Drop  =  1.66  X  0.37306  +  2.325  X  0.92780  -\- 

{2.325  X  0.37306  -  1.66  X  o.9278oy  ^ 

200  ■^■//v- 

The   percent   full-load   voltage  of   the   transformer 

ca,  then,  is, 

£'ca  =  100  —  2.779  =  97.221. 

To  find  the  full-load  voltage  E'bc  the  angle  between 

E'a.h  and  E'ca.,  or  m  must  be  found.     From  the  figure, 

m  =  120  -\-  X  -^  y. 

The  component  of  the  drop  in  c-a  which  is  perpen- 
dicular to  £ca  is, 

ir  sin  0  —  ix  cos  0  =  0.6728 
0673 


therefore,  sin  y 


o . 00673 


Sin  X  was  found  above,  so  adding  the  corresponding 
angles,  we  have, — 

m  =  121°  35'  46" 
and  n  =  Yi  (360  —  2  m)   =  58°  24'  14." 

This  gives  us  two  sides  and  the  included  angle  of  a 
triangle,  to  find  the  third  side,  from  which  in  percent, — 
£'bc  =  95.28 

♦This  equation  is  general  if  the  angle  of  a  lagging  current 
be  regarded  as  positive  and  the  angle  of  a  leading  current  as 
negative. 


The  foregoing  solution  may  be  somewhat  simplified, 
and  will  give  approximately  correct  results  if  the  last 
term  of  the  expression  for  voltage  drop  be  disregarded. 
This  gives, — 

Drop   =  ir  cos  a  +  ix  sin  a 
And  the  resulting  full  load  voltages  are, — 
£'ab  =  98.07 

£'ca     =    97.21 
E'bc    =    95.28 

Table  f  shows  the  full-load  voltages  of  these  two 
transformers  for  loads  of  various  power-factor. 

TABLE  L— TWO  5  K.V.A.  TRANSFORMERS  IN 

OPEN  DELTA 

Resistance  =  1.66  percent.    Reactance  =  2.325  percent. 


Percent 
No-Load 
Voltage 

Percent  Full-Load  Voltage 

100   Percent 
P-F 

90  Percent 
P-F 

80  Percent 
P-F 

Eab 
Ebc 
Eca 

100 
100 
100 

99.68 
97.09 
97.36 

98.48 
95  63 
97.15 

98.05 
95-26 
97.23 

Table  II  shows  the  full-load  voltages  for  three  of 
the  above  transformers  in  delta. 

TABLE  IL— THREE  5  K.V.A.  TRANSFORMERS  IN  DELTA. 
Resistance  =1.66  percent.    Reactance  =  2.325  percent. 


Percent 
No-Load 
Voltage 

Percent  Full-load  Voltage 

100  Percent 
P-F 

90  Percent 
P-F 

80  Percent 
P-F 

100 

98.31 

97.48 

97-27 

An  emergency  condition  sometimes  occurs  due  to  an 
accident  to  one  transformer  of  a  closed  delta  bank,  and 
the  question  arises,  how  much  load  the  remaining  two 

TABLE  III.— THREE  3  K.V.A.  TRANSFORMERS  IN  DELTA 
Resistance  =  1.99  percent.     Reactance  =  1.56  percent. 


Percent 
No-Load 
Voltage 

Percent  Full  Load  Voltage 

100  Percent 
P-F 

90  Percent 
P-F 

80  Percent 
P-F 

100 

98.00 

97.54 

97.48 

transformers  will  be  able  to  carry  in  open  delta.  For 
the  same  heating,  the  same  current  should  flow  in  the 
transformers  as  before ;  but,  as  the  full  line  current  now 
flows  through  each  transformer,  the  line  current  must 
be  reduced  from  its  former  value  in  the  ratio 


i.  e.,  the  two  remaining  transformers  will  carry  58  per- 
cent of  the  load  of  the  original  bank.  An  idea  of  the 
effect  on  the  regulation  may  be  had  by  comparing  Tables 
I  and  II.  The  actual  values  in  any  particular  case  will 
of  course,  depend  on  the  characteristics  of  the  trans- 
formers involved. 

Frequently  it  is  desired  to  carry  a  load  with  two 
transformers  instead  of  three.  In  this  case  transformers 
of  sufficient  size  are  installed  and  a  comparison  between 
the  regulations  of  the  open  delta  bank  and  the  closed 
delta  bank  is  less  unfavorable  to  the  open  delta  connec- 
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tion  than  the  comparison  above,  because  the  larger 
transformers  have,  in  general,  better  regulation  than  the 
smaller,  especially  at  high  power-factors. 

Table  III  shows  the  full-load  voltages  of  a  closed 
delta  bank  of  3  k.v.a.  transformers  of  the  same  type  as 
the  two  5  k.v.a.  transformers  considered  in  Table  I.  A 
comparison  of  these  two  tables  gives  an  idea  of  the  re- 
sults of  the  two  methods  of  connection  for  the  same  load. 

Comparing  the  efficiencies  of  two  V-connected  trans- 

TABLE' IV— COMPARISON    OF    CLOSED    DELTA    WITH 

OPEN  DELTA  CONNECTION— DISTRIBUTING 

TRANSFORMERS 


Closed  Delta 
Three  3  k.v.a. 

Open  Delta 
Two  5  k.v.a. 

Capacity  of  bank — 

9  k.v.a. 
100 
100 
100 

8.66  k.v.a. 
88 
97  K 
108 

Cost  per  k.v.a  percent 

TABLE  V— COMPARISON  OF  CLOSED  DELTA  WITH 

OPEN  DELTA  CONNECTION— POWER 

TRANSFORMERS 

Closed  Delta 
3-300  k.v.a. 

Open  Delta 
2-500  k.v.a. 

Capacity  of  bank — 
Losses  per  k.v.a.  percent 

900  k.v.a. 
100 
100 
100 

866  k.v.a. 

lOI 

86.3 
100 

W'eight  per  k.v.a.  percent 

formers  and  three  delta  connected  transformers  for  the 
same  output,  it  is  found  that  they  are  practically  the 
same.  Thus,  the  total  loss  in  a  bank  of  three  3  k.v.a. 
transformers  of  standard  design  is  291  watts  at  full 
load,  or  32  watts  per  k.v.a.  output ;  while  in  a  bank  of 
two  5  k.v.a.  transformers  the  total  loss  is  248  watts,  or 
28.6  watts  per  k.v.a.  of  output.  Similarly,  in  a  bank  of 
three  300  k.v.a.  transformers  the  total  loss  amounts  to 
16.77  watts  per  k.v.a.  outptit,  while  in  a  bank  of  two  500 
k.v.a.  transformers  the  total  loss  is  16.98  watts  per  k.v.a. 


The  total  cost  and  weight  are  also  nearly  the  same 
for  the  two  schemes.  Table  IV  shows  a  comparison  of 
the  losses,  weights  and  costs  for  a  bank  of  small  dis- 
tributing transformers,  and  Table  V  makes  the  same 
comparisons  for  a  bank  of  power  transformers. 

One  advantage  of  the  open  delta  connection  which 
may  be  important  in  some  cases  is  that  only  two  units 
are  required  instead  of  three.  This  means  less  floor 
space,  and  in  the  case  of  distributing  transformers 
mounted  on  poles  it  means  a  neater  and  simpler  arrange- 
ment. 

SUMMARY 

The  foregoing  points  may  be  summarized  as  fol- 
lows : — 

I — The  total  transformer  capacity  required  for  an 
open  delta  bank  to  carry  a  given  load  is  15  percent 
greater  than  for  a  closed  delta.  This  total  capacity  is  in 
two  units  instead  of  three. 

2 — The  voltage  drop  in  the  open  delta  bank  is  un- 
symmetrical,  and  this  causes  a  slight  unbalance  in  the 
three  full-load  voltages.  This  unbalance  is  negligible  in 
most  cases. 

3^ — When  one  transformer  of  a  closed  delta  bank  is 
injured  the  two  remaining  transformers  will  carry  58 
percent  of  the  load  with  the  same  heating,  but  with  a 
somewhat  poorer  regulation  on  two  phases. 

4 — When  transformers  are  chosen  for  a  given  load 
the  above  advantage  of  the  closed  delta  connection  par- 
tially disappears,  on  account  of  the  larger  size  of  the 
transformers  for  the  open  delta  bank. 

5 — In  efficiency  and  weight  the  open  delta  bank  is 
approximately  on  a  par  with  the  closed  delta,  while  in 
cost  it  shows  a  slight  advantage. 

6 — The  open  delta  connection  involves  two  units  in- 
stead of  three,  and  requires  less  floor  space  than  the 
closed  delta  arrangement. 


The  Engineering  Evolution  of  Electrical 
Apparatus— XIX 

THE  HISTORY  OF  THE  ARC  L.^MP—f  Cowt.) 
F.  Conrad  and  W.  A.  Darrah 


WHILE  engineers  and  manufacturers  were  bend- 
ing their  efforts  to  the  perfection  and  improve- 
ment of  the  open  arc  lamp,  there  was  one 
defect  m  all  systems  which  was  gradually  making  itself 
apparent  and  was  destined  later  to  cause  the  abandon- 
ment of  the  type.  This  was  the  short  life  which  is  now 
known  to  be  due  to  the  rapid  oxidation  of  the  hot  car- 
bons by  the  currents  of  air  which  continually  passed 
over  the  arc.  At  the  time  that  the  open  arc  was  being 
developed,  however,  the  cause  of  the  short  life  (usually 
about  eight  hours  per  set  of  carbons)  was  more  or  less 
a  mystery,  and  it  was  accepted  as  a  necessary  condition 
which  must  be  either  tolerated  or  else  minimized  by  in- 
creasing the  length  of  the  carbons. 


There  was  also  another  growing  force  at  work 
which  eventually  contributed  in  no  small  degree  to  the 
displacement  of  the  open  arc.  This  was  the  develop- 
ment of  the  incandescent  lamp,  which  had  established 
itself  as  a  most  desirable  illuminant  on  constant  poten- 
tial circuits,  and  its  advocates  already  had  ambitious 
plans  for  sending  the  arc  lamp  to  the  scrap  heap.  These 
ambitions  were  doomed  to  fail,  but  their  effect  was  two- 
fold :— 

I — They  stimulated  the  advocates  of  arc  lamps  to  strengthen 
their  designs,  to  reduce  their  operating  costs,  and  to  raise  their 
standards  of  service  and  illumination. 

2 — They  developed  the  idea  of  excluding  air  from  the  light- 
giving  element,  thus  preparing  the  way  for  the  enclosed  carbon 
lamp. 
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As  a  result  of  the  engineering  and  economic  forces 
at  work  the  enclosed  lamp  was  gradually  evolved,  mark- 
ing a  new  era  in  arc  lighting.  The  year  1893  may  be 
fixed  as  roughly  representing  the  advent  of  the  new  illu- 
minant,  although  because  of  the  gradual  forces  at  work 
and  the  resultant  rather  large  group  of  men  who  de- 
voted their  attention  to  it,  it  is  very 
difficult  to  fix  the  exact  date  or  any 
single  inventor  who  may  be  said  to 
be  first.  Many  of  the  men  who 
were  active  in  this  field  are  still  at 
work  today  developing  later  lamps. 
In  making  a  survey  of  the  en- 
closed carbon  arc  field  the  name  of 
Mr.  Louis  B.  Marks  stands  out 
prominently.  Marks  and  other  in- 
vestigators found 
that  by  placing  a 
tightly  fitting 
globe  around  the 
arc  and  causing 
the  upper  carbon 
to  pass  into  the 
globe  in  such  a 
manner  that  only 
a  very  limited  amount  of  air  could  enter,  as  in  Fig. 
29,  it  was  possible  to  multiply  the  life  of  a  trim  of 
carbons  by  ten  or  twelve,  although  the  amount  of  light 
given  out  was  somewhat  decreased.  This  was  a  notable 
advance.  The  cost  of  trimming  the  lamp  and  renewing 
the  carbons  was  reduced  to  at  least  one-tenth  of  its  for- 
mer value,  while  its  efficiency  was  reduced  by  less  than 
50  percent.  This  was  a  handicap  which  the  open  arc 
could  not  withstand  and,  while  it  held  its  own  for  a  con- 
siderable period,  especially  where  already  installed,  it 
was  now  considered  a  superseded  lamp.  The  five  years 
which  follow  1893  were  marked  by  the  appearance  of 
the  Wood,  the  Thomson,  the  Adams-Bagnall.  Manhat- 
tan and  W'estinghouse  enclosed  carbon  arc  lamps. 


FIG.  29 — EARLY    MARK  S  INNER  GLOBE  AND 

GAS   CHECK    FOR   ENCLOSED  C.\RBON 

ARC   LAMP 


FIG.    30 — TYPICAL   EARLY    ENCLOSED   ARC    LAMPS 

The  enclosed  arc  was  naturally  not  hailed  as  a  de- 
sirable invention  by  the  carbon  manufacturers,  who  held 
manv  anxious  conferences  at  which  the  downfall  of  the 
carbon  industry  was  freely  foretold.  Curiously  enough, 
the  actual  result  was  almost  the  reverse.  The  number 
of  lamps  in  use  increased  enormously ;  the  coming  of 


the  enclosed  arc  reacted  very  favorably  on  the  quality 
of  the  product,  thereby  warranting  a  higher  price,  and 
the  result  was  prosperity  for  the  carbon  manufacturers. 
One  immediate  result  of  the  improvement  in  the  quality 
of  the  carbons  was  the  general  adoption  of  a  mechanism 
in  which  the  clutching  device  acted  directly  on  the 
electrode  instead  of  upon  a  steel  rod.  The  direct  effect 
was  to  shorten  and  simplify  the  lamp  mechanism  to  a 
remarkable  degree. 

This  type  of  a  lamp,  of  course,  was  not  without  its 
failings.  The  arc  lamp  has  always  e.xerted  a  peculiar 
attraction  for  the  small  boy  with  a  stone,  and  the  opera- 
tion of  the  lamp  with  a  broken  globe  did  not  result  in  a 
long  carbon  life.  There  were  also  various  troubles  with 
clutches,  cutouts,  shunt  coils  and  carbon  holders  which 
in  the  early  days  served  to  make  the  work  of  the  de- 
signers interesting.  One  feature,  namely,  the  "gas 
check"  or  economizer,  has  survived  in  the  modern  flame 
carbon  arc  lamp.  The  "gas  check"  consisted  of  a  disc, 
usually  of  fireproof,  insulating  material  so  arranged  that 
the  carbon  passed  through  its  center  with  little  clear- 
ance, thus  preventing  the  entrance  of  air  into  the  arc 
chamber.     It  was  soon  discovered,  however,  that  if  no 


FIG.   31 — ALTERNATING-CURRENT   REGULATING   REACTANCE 

air  was  admitted  the  arc  became  unstable,  and  the  ends 
of  the  electrodes  hard,  smooth  and  of  very  high  resist- 
ance. Accordingly,  means  were  devised  for  admitting 
air  in  limited  quantities  through  spiral  passages  or  sim- 
ilar expedients.  The  design  of  the  globe  in  size,  shape 
and  distance  from  the  arc  was  also  a  feature  which  re- 
([uired  considerable  careful  attention  before  a  commer- 
cial product  wa.-  reached. 

The  Wood  and  Thomson  lamps  of  this  period  were 
later  taken  over  by  the  General  Electric  Company,  while 
the  plant  of  the  Manhattan  Construction  Company 
passed  into  the  hands  of  the  Westinghouse  Electric  & 
Mfg.  Company  and  formed  the  nucleus  of  its  Newark 
works,  the  present  arc  lamp  factory  of  that  company. 

Some  time  before  the  enclosed  carbon  arc  lamp  was 
commercialized,  the  introduction  of  alternating  current 
into  the  United  States  was  occupying  the  attention  of 
the  electrical  world.  About  the  time  that  the  enclosed 
arc  was  well  commercialized  the  alternating-current 
generating  and  distribution  system  had  become  firmly 
established,  and  it  was  only  natural  that  an  attempt 
should  be  made  to  utilize  this  for  arc  lamp  operation. 
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The  result  was  the  invention  of  the  "regulating  react- 
ance" and  constant-current  transformer,  thereby  start- 
ing a  development  which  was  eventually  to  send  the 
constant-current  arc  generators  to  the  scrap  heap.  The 
regulating  reactance  consisted  chiefly  of  a  coil  in  series 
with  the  arc  circuit  and  a  laminated  iron  core  within 
the  coil,  provision  being  made  to  automatically  change 
the  relation  of  coil  and  core,  thus  varying  the  reactance 
of  the  coil.  The  coil  was  ordinarily  moved  and  the  core 
held  stationary,  the  movement  being  arranged  so  that  the 
varying  inductance  of  the  coil  tended  to  maintain  the 
current  in  the  arc  circuit  constant.  An  early  installation 
using  the  so-called  tub  transformer  and  alternating- 
current  distribution  system  was  made  at  Hartford,  Con- 
necticut. Because  of  historic  importance  this  installa- 
tion is  interesting  as  an  example  of  bold  pioneer  engi- 
neering.    Among  the  earliest  group  of  patents  in  the 


FIG.    32 — CONSTANT    CURRENT    VENTIL.\TED    COIL    KKGUI-.'^TOR 

field  were  those  of  Mr.  Malcomb  H.  Baker,  about  1901, 
several  of  which  formed  the  basis  of  more  than  one 
lawsuit  in  the  commercial  history  of  arc  lighting.  Fig. 
31  shows  the  essentials  of  the  scheme  as  it  was  then 
developed. 

The  regulating  reactance  was  soon  followed  by  the 
constant-current  transformer,  which  ultimately  very 
largely  displaced  it.  The  constant-current  transformer 
was  a  natural  development  from  the  regulating  react- 
ance and,  together  with  the  alternating-current  enclosed 
carbon  lamp,  constituted  a  system  which  for  conveni- 
ence, simplicity  and  maintenance  was  a  marked  advance. 
The  regulating  transformer  as  usually  constructed  con- 
sisted of  two  coils,  one  stationary  and  one  movable,  the 
movable  coil  being  counterbalanced  and  adjusted  to  ap- 
proach or  recede  from  the  fixed  coil  with  a  minimum  of 
friction.    The  primary  coil  was  usually  stationary,  while 


the  secondary  was  repelled  from  the  primary  in  propor- 
tion to  the  current  passing  through  the  secondary  ;  how- 
ever, as  the  secondary  coil  was  repelled,  the  magnetic  flux 
through  the  secondary  decreased,  and  the  induced  cur- 
rent and  voltage  were  accordingly  diminished.  The  re- 
sult was  to  keep  the  current  constant.  Refinements  of 
design  naturally  followed  in  the  development  of  a  type 
of  apparatus  which  today  is  one  of  the  most  satisfactory 
sources  of  constant  current  for  arc  lamps.  The  latest 
type  with  ventilated  coils,  together  with  the  flame  car- 
bon arc  lamp,  comprises  the  present  system.  A  glance 
at  the  simplicity  of  this  device,  Fig.  32,  consisting  of  two 
coils  about  an  iron  core,  will  readily  explain  why  the 
older  constant-current  generator  with  its  coil  troubles, 
commutator  troubles,  rotating  parts  arid  complicated 
regulating  mechanism  could  not  survive.  The  inherent 
defect  in  the  system, 
however,  was  the  low 
efficiency  of  the  en- 
closed carbon  1  a  m  p 
operating  on  alternat- 
ing-current c  i  r  c  uits, 
which  had  the  inevita- 
ble effect  of  causing  it 
to  be  finally  discarded 
in  favor  of  newer 
types. 

The  mechanisms  of 
the  various  types  of 
enclosed  arc  lamps  had 
by  this  time  become 
more  or  less  standard- 
ized, so  that  all  were 
the  same  in  essential 
principles.  Some  form 
of  clutch  acting  di- 
rectly on  the  carbon  it- 
self was  standard  in  all 
makes.  For  series  cir- 
cuits, both  direct  and 
alternating  current,  dif- 
ferentially acting  series 
and  shunt  coils,  a 
means  of  adjusting  for 
different  arc  lengths, 
an  automatic  cutout  actuated  by  excess  voltage  over 
the  shunt  coil,  a  starting  resistance  which  was  normally 
short-circuited  by  the  automatic  cutout,  and  a  hand- 
operated  switch  which  served  to  completely  short- 
circuit  the  lamp  as  a  protection  to  trimmers  when  work- 
ing on  live  circuits,  were  features  of  practically  all 
makes,  the  only  differences  being  the  relative  location  of 
the  parts.  An  alternating-current  series  lamp  mechan- 
isms which  is  typical  of  all  series  mechanisms  is  shown 
in  Fig.  33,  and  the  general  appearance  of  the  essentially 
similar  direct-current  mechanism  is  shown  in  Fig.  34. 

The  enclosed  arc  lamp,  by  reason  of  its  freedom 
from  fumes,  more  quiet  operation  and  also  because  of 
its  small  power  consumption  and  smaller  intrinsic  bril- 


.     33 — CIRCUIT     DI.\GRAM 
ALTERNATING-CURRENT    SERIES 
ENCLOSED   ARC   LAMP 
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liancy,  was  much  more  suited  to  indoor  illumination 
than  had  been  its  predecessor,  the  open  arc  lamp.  The 
rapid  increase  in  constant  potential  mains  for  incandes- 
cent lamp  and  motor  use  was  also  favorable  to  the  use 
of  the  enclosed  arc  lamp  indoors.  The  mechanism  for 
constant  potential  circuits  was  much  simpler  than  for 
series  circuits,  including  only  a  series  coil,  together  with 
a  ballasting  resistance  for  direct-current  circuits  or  a 
reactance  for  alternating-current  circuits.  A  typical 
250  volt  direct-current  constant  potential  enclosed  arc 
lamp  is  shown  in  Fig.  35,  and  a  similar  type  of  no  voh 
alternating-current  lamp  is  shown  in  Fig.  36.  Where 
two  or  more  lamps  were  to  be  operated  in  series-multiple 
on  constant  potential  circuits  a  differential  mechanism 
was  required  very  similar  to  that  of  the  constant-current 
lamps,  and  a  resistance  was  included  which  was  cut  into 
the  circuit  in  place  of  the  arc  lamp  by  the  automatic 


FIG.   34 — DIWiCT-CURRli.N'T   SICRIKS    L.\MP    MECHANISM 

cutout  if  the  carbons  in  any  one  lamp  burned  out  or  the 
mechanism  failed  to  operate. 

Even  before  the  enclosed  carbon  arc  lamp  had 
reached  its  widest  application  a  number  of  inventors  had 
devised  the  light  unit  which  was  to  be  one  of  its  suc- 
cessors. Early  in  1902  Mr.  C.  P.  Steinmetz  experi- 
mented on  a  magnetite  electrode,  while  in  1903  Mr.  W. 
R.  Whitney  developed  a  lamp  with  one  consumable 
electrode  composed  of  the  oxides  of  iron,  titanium  and 
chromium,  while  the  other  electrode  was  called  non- 
consumable  and  consisted  of  a  copper  block.  The  elec- 
trodes had  a  remarkably  long  life  for  lamps  of  that 
period,  because  the  lower  or  negative  electrode  which 
supplied  the  arc  stream  with  the  luminous  materials 
was  composed  of  oxides  and,  therefore,  was  not  affected 
by  the  air,  while  the  upper  or  positive  electrode  consisted 
of  a  block  of  copper  of  such  size  that  radiation  main- 
tained the  temperature  low  enough  to  prevent  oxidation. 


The  efficiency  of  the  new  lamp  was  high  compared  with 
the  preceding  lamps.  The  original  claims  for  electrode 
life  were  500  to  600  hours,  but  practical  consideration 
soon  reduced  these  to  about 
60-75  hours.  The  General 
Electric  Company  commer- 
cialized this  type  of  illu- 
minant.  The  early  lamp  was 
subject  to  numerous  difficul- 
ties, however.  In  spite  of  all 
that  could  be  done  the  elec- 
trodes would  become  cov- 
ered with  an  insulating  slag, 
or  a  fine  red  powder  (iron 
oxide),  which  was  a  good  in- 
sulator. The  electrode  ma- 
terial would  melt  and  fall  on 
the  globe,  breaking  it.  Wind- 
storms would  blow  the 
fumes  from  the  electrodes 
down  the  chimney,  causing 
them  to  collect  on  the  globe, 
after  which  the  amount  of 
light  that  escaped  barely 
equaled  that  from  an  en- 
closed carbon  arc. 

Hardly  had  the  early 
lamp  been  placed  upon  the 
market  when  the  Westing- 
house  Company  produced  a 
lamp  using  iron,  titanium 
and  chromium  oxides,  but  so 


llli-   J5— -^50  VOLT   CONST.\.NT- 

POTENTIAI,  DIRECT-CURRENT 

ARC  LAMP   MECHANISM 

With     resistor    for    ballast 

and  for  series-multiple 

operation. 


FIG.   36 — no  VOLT 

ALTERNATING-CURRENT 

CONSTANT-POTENTIAL 

ARC   LAMP 

MECHANISM 

With  reactance  at  top 
of  lamp  for  reduc- 
tion of  voltage  and 
for  ballast. 


radically  different  in  principle  that  many  of  the  earlier 
defects  were  either  eliminated  or  greatly  reduced.  This 
was  the  so-called  metallic  flame  lamp.    In  this  lamp  the 
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negative  or  oxide  electrode,  which  must  necessarily  be 
long,  was  placed  uppermost,  while  the  small  positive 
electrode  below  consisted  of  a  double  spiral  tightly 
wound  from  copper  and  steel  ribbons.  One  of  the  essen- 
tial features  of  this  lamp  is  the  "down  draft."  In  all 
previous  arc  lamps  the  air  heated  by  the  arc  had  passed 
directly  upward  niul  out  of  the  lamp.     This  was  well 


FIGS.  37  and  38 — mi;t.\lhc  fl.^me  series  akc  lamp 
With  and  without  case  and  glohe. 

enough  in  the  carbon  lamps,  and  in  the  early  magnetite 
lamp  it  was  not  prohibitive,  although  it  caused  the  rapid 
accumulation  of  soot  upon  the  cooler  upper  electrode. 
However,  by  causing  the  heated  gases  in  passing  upward 
to  draw  new  air  downward  around  the  arc,  it  was  found 


FIGS.  39  and  40 — CIRCUIT  diagram  and  externai.  view  of 

METALLIC    FLAME    SERIES    ARC    LAMP 

possible  to  overcome  a  large  part  of  the  slag  and  soot 
difficulties  and  to  mount  the  negative  electrode  upper- 
most, thus  materially  improving  the  natural  distribution 
of  the  light  and  the  efficiency.  Lamps  of  this  type  are 
shown  in  Figs.  37  to  40,  inclusive. 

The  development  of  this  type  of  lamp  by  both  com- 
panies was  naturally  rapid,  the  soot-forming  and  light- 


giving  characteristics  being  materially  improved,  most 
of  the  improvements  being  in  the  nature  of  a  better  me- 
chanical structure  and  an  increase  of  the  margins  and 
factors  of  safety,  the  basic  principles  remaining  un- 
changed. The  electrodes  of  these  lamps  have  a  life  of 
about  250  hours,  while  the  energy  consumption  is  about 
0.4  watt  per  candle. 

Owing  to  the  rectifying  characteristics  of  any  me- 
tallic flame  arc,  it  is  impossible  to  operate  it  on  alter- 
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FIG.  41 — EARLY  COOPER-HEWITT    MERCURY   VAPOR  ARC   LAMP 

nating  current  at  less  than  about  500  volts;  hence  its 
|)ractical  operation  on  alternating  current  is  impossible, 
rhe  early  lamps,  therefore,  were  operated  on  direct- 
current  generators  similar  to  those  used  with  the  old 
open  arcs.  For  a  time  it  looked  as  if  it  would  be  im- 
possible to  take  advantage  of  both  the  simplicity  of  the 
constant-current  transformer  and  the  high  efficiency  of 
the  metallic  flame  lamp.  One  necessary  link  was  miss- 
ing, which  was  to  be  supplied  in  the  course  of  the  devel- 
opment of  the  mercury  rectifier. 

In   i860,  Way  discovered  that  if  an  electric  circuit 
was  oncne'l  bv  a  mercury  contact  a  long,  brilliant  green 
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FIG.    42 — MERCURY    VAPOR    ARC    LAMP    WITH    AUTOTRANSFORMER    FOR 
OPERATING    ON    ALTERNATING   CURRENT 

arc  was  produced.  Beyond  the  announcement  of  the 
discovery  in  scientific  journals  little  further  progress 
made  at  the  time,  and  Way's  discovery  lay  dormant  for 
nearly  forty  years.  There  were  many  causes  for  this. 
Existing  arc  lamps  met  existing  needs,  and  there  was  no 
oln'ious  commercial  method  of  utilizing  mercury,  which 
was  then  a  very  expensive  metal,  readily  oxidized  by  an 
arc  in  air.  About  thirty-five  years  later  Dr.  Peter 
Cooper  Hewitt  began  experimenting  with  the  mercury 
arc,  but  instead  of  attempting  to  maintain  the  arc  in  air 
he  soon  tried  to  remove  the  air,  thus  overcoming  many 
of  the  difficulties  which  had  proved  unsurmountable  in 
the  past.  The  result  was  a  long,  bright,  stable  arc,  with 
a  rather  high  efficiency  and  a  long  life.    One  of  the  early 
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lamps  is  shown  in  Fig.  41.  The  Cooper  Hewitt  mercury 
vapor  lamp  was  commercialized  about  1901  in  the  form 
of  a  long  glass  tube  about  one  inch  in  diameter,  with  an 
electrode  in  each  end.  The  lower  end  of  the  tube  con- 
tained a  quantity  of  mercury  and  was  usually  made  the 
cathode.  To  start  the  lamp  it  was  necessary  to  tilt  it 
sufficiently  for  the  mercury  to  bridge  the  space  between 


riC.   43 — TYPIC.'\L   QUARTZ   TUBE  BURNER   FOR    MERCURY 
VAPOR   ARC    LAMPS 

the  electrodes,  when  it  would  be  immediately  vaporized 
and  the  arc  established.  The  early  lamps  were  started 
by  tilting  with  the  hand.  Requirements  soon  became 
more  rigid  and  various  automatic  starting  devices  were 
developed,  the  most  satisfactory  consisting  of  an  electro- 
magnetic arrangement  to  raise  an  end  of  the  lamp  when 
current  was  applied. 

The  Cooper  Hewitt  glass  mercury  vapor  lamps  may 
be  classed  as  a  step  in  advance  equal  to  that  taken  by  the 
introduction  of  the  metallic  flame  lamp.  The  light,  being 
approximately  monochromatic  and  well  diffused,  is  ex- 
cellent for  continuous,  accurate  work.  The  life  of  the 
lamp  is  long  and  the  attention  required  small.  The  light 
from  the  mercury  arc  is  of  such  a  nature  that  all  shades 
of  red  appear  black  and  other  color  values  are  dis- 
torted, with  the  result 
that  any  objects  which 
depend  upon  color  for 
their  distinguishing 
feature  have  a  pecu- 
liar appearance  in  this 
light.  Where  red  rays 
are  desirable,  a  light 
transformer  or  polariz- 
ing reflector  may  be 
placed  behind  the  tube. 
The  efficiency  of  the 
original  lamp  was  less 
than  that  of  later  com- 
mercial units.  These 
facts  have  led  to  ef- 
forts to  improve  the 
efficiency  and  color  by 
t  h  e  introduction  o  f 
other  compounds  and 
by  operating  the  arc  at  a  higher  temperature.  Up  to  the 
present  the  former  method  has  entirely  failed  of  com- 
mercial application,  while  the  latter  has  succeeded,  due 
to  the  timely  discovery  of  the  art  of  making  and  work- 
ing transparent  quartz  in  the  oxyhydrogen  flames.  As 
a  result,  in  about  1912,  there  was  placed  upon  the  mar- 
ket the  Heraus  quartz  tube  mercury  lamp,  which  differs 


FIG.    44 — DIAGR.\M    OF    220    VOLT,    3-3 
AMPERE,    QU.\RTZ    TUBE    MER- 
CURY VAPOR  ARC  LAMP 


from  its  predecessor  mainly  in  the  higher  temperature 
and  pressure  at  which  the  arc  is  operated,  thus  securing 
a  light  much  richer  in  red  rays  and  a  materially  higher 
efficiency,  together  with  a  remarkable  reduction  in  the 
size  and  compactness  of  the  re- 
sulting unit. 

All  metallic  vapor  arcs  are 
rectifying  to  a  certain  extent : 
that  is,  when  the  arc  is  estab- 
lished it  will  pass  current  in  one 
direction,  but  it  is  impossible  to 
reverse  the  current  except  on  ap- 
plication of  a  considerabel  volt- 
age, whose  value  depends  upon 
the  metal.  This  value  is  very 
high  in  the  mercury  arc,  and 
hence  the  mercury  arc  forms  an 
ideal  rectifying  apparatus.  .\ 
consideration  of  these  facts  lead 
Dr.  Cooper  Hewitt  to  the  consid- 
eration that  since  this  apparatus 
would  allow  current  to  pass  in 
one  direction  only,  it  might  be 
employed  as  a  "rectifier"  or  a 
device  to  convert  or  rectify  alternating  current  into 
direct  current.  Such  was  the  start  of  the  present  mer- 
cury arc  rectifier  which  was  almost  immediately  adopted 
for  the  production  of  constant  direct  current  for  arc 
lighting  circuits  in  connection  with  the  constant-current 
transformer,  already  available.     Thus  the  Inst  link  of 


FIG.  54 — CONSTANT  CUR- 
RENT  RECTn-IER   BULB 

For  supplying  current 
to  50  arc  lamps  and 
capable  of  delivering 
seven  amperes  at 
4000  volts. 


FIG.    46 — 75    LIGHT    MERCURY    VAPOR    RECTIFIER    CONSTANT-CURRENT 
REGULATING  TRANSFORMER   WITH    SWITCHING   PANEL 

the  chain  was  completed  and  the  present  metallic  flame 
arc  system  was  commercialized,  omitting  the  trouble- 
some direct-current  generator  and  the  inefficient  alter- 
nating-current enclosed  carbon  arc  lamp. 
(To  be  continued) 


Reversing  a  Three-Phase  Motor 


C.  W.  KiNCAID 


TO  UNDERSTAND  why  interchanging  two  leads 
of  a  three-phase  induction  motor  will  cause  it  to 
rotate  in  the  opposite  direction  it  is  first  necessary 
to  know  what  causes  the  magnetic  field  in  the  motor  to 
rotate.  A  three-phase  machine  usually  has  three  wind- 
ing groups  per  pole  (one  for  each  phase) ,  and  the  groups 
are  connected  as  shown  in  Fig.  i  for  a  two-pole  machine 
and  in  a  similar  manner 
for  larger  number  of 
poles.  From  this  diagram, 
it  will  be  seen  that  if  the 
current  enters  by  two 
leads  and  goes  out  the 
other  lead,  the  direction  of 
currents  in  the  different 
groups  will  arrange  them- 
selves in  groups  of  three 
which  have  the  current  in 
them  in  the  same  direc- 
tion. Also,  the  middle  grouj)  of  the  three  will  be  the 
phase  wh-.ch  has  the  current  going  out  (i.  e.,  from  the 
star  point  to  the  lead).  The  arrows  show  one  instant 
when  the  currents  are  flowing  toward  the  star  point  in 
phases  A  and  C  and  flowing  away  from  the  star  point 
in  phase  B. 

The  instantaneous  values  of  current  in  a  three-phase 
circuit  are  shown  in  Fig.  2,  plotted  with  respect  to  time. 
At  the  instant  marked  /,  the  B  phase  is  at  a  maximum 
and  phases  A  and  C  are  at  one-half  value  and  in  the 
opposite  direction  from  phase  B.  At  the  instant  marked 
2,  the  B  phase  has  decreased  to  86  percent  of  its  max- 
imum value.  If  the  field  produced  by  these  currents  in 
the  windings  of  Fig.  i  is  plotted  at  the  two  instants  the 
movement  of  the  field  and  its  direction  may  be  seen. 

A  section  through  the  machine  at  right  angles  to  the 
shaft  is  shown  in  Fig.  3,  the  groups  of  coils  in  each 


FIG.    I — SCHEM.\TIC    DI.-\GRAM    OF 

POLE  GROUPS  FOR  A  TWO-POEE. 

THREE-PHASE   MOTOR 


FIG.  2 — CURRENT   WAVES  OF  A   THREE-PHASE  CIRCUIT 

phase  being  marked  A,  B,  C,  etc.,  for  a  two-pole  ma- 
chine. Groups  ^1  in  the  upper  layer,  or  top  coils,  are 
connected  in  the  rear  by  the  diamond  part  of  the  coils 
to  A^  in  the  lower  layer  or  the  coils  in  the  bottom  of  the 
slots.  Coils  ^1  and  A2,  acting  in  the  same  direction, 
produce  the  field  marked  A  in  Fig.  4.    In  Fig,  2,  position 


/,  the  current  in  phase  B  was  twice  as  great  as  A,  and 
therefore  will  produce  the  field  marked  B,  which  has 
a  maximum  twice  that  of  A.  The  current  in  phase  C 
is  the  same  as  A,  and  therefore  will  produce  field  C. 
When  these  are  added,  they  will  produce  the  resultant 
field  shown  by  the  dotted  line,  which  has  its  center  just 
between  phase  groups  C^  and  A2. 

In  Fig.  5,  the  same  thing  has  been  done  as  in  Fig.  4, 
except  the  current  values  have  been  taken  as  shown  for 
position  2,  Fig.  2,  i.  e.,  phase  A  is  86  percent  of  maxi- 
mum value,  phase  B  is  86  percent  of  maximum  value 
and  phase  C  is  zero.  In  this  case  the  center  line  of  the 
resultant  field  has  moved  to  the  left  and  is  in  the  center 
of  group  Cj.  By  taking  other  positions  in  Fig.  3  and 
drawing  figures  similar  to 
Figs.  4  and  5,  the  result- 
ant field  will  be  shown  to 
continue  to  move  to  the 
left. 

Now  reverse  leads  A 
and  C  and  see  which  direc- 
tion the  resultant  field  will 
move.  In  position  I,  A  and 
C  have  the  same  value  of 
current  and  in  the  same  di- 
rection and,  since  phase  B 
has  not  been  changed,  the 
same  conditions  will  exist 
as  in  Fig.  4  and  the  center 
of  the  resultant  field  will  be 
between  C^  and  A^.  A  dia- 
gram is  shown  in  Fig.  6, 
corresponding  to  position  2, 
Fig.  2,  having  the  current 
that  was  in  phase  A  in  the 
phase  C  conductors  and, 
since  phase  C  is  at  zero,  the 
A  conductors  are  idle.  This 
combination  has  a  resultant 
field  as  shown  with  its  center  line  moved  to  the  right 
from  Fig.  4  and  on  the  center  of  phase  group  A^-  Fur- 
ther positions  on  Fig.  2  will  cause  this  field  to  move  to 
the  right  continuously.  Plotting  the  field  produced  by 
reversing  any  two  leads  will  make  the  resultant  field 
move  toward  the  right,  the  same  as  shown  by  reversing 
leads  A  and  C,  since  the  conditions  as  shown  occur  once 
every  cycle. 

Since  reversing  two  leads  on  a  three-phase  motor  has 
made  the  field  rotate  in  opposite  directions  and  the  arma- 
ture tries  to  follow  this  rotation,  the  direction  of  rota- 
tion of  a  three-phase  induction  motor  or  synchronizing 
motor  will  be  reversed  if  any  two  leads  are  interchanged 
in  their  connection  to  the  supplied  power. 


FIGS.  3,  4,  5  and  6 — develop- 
ment OF  POLE  GROUPS  AND 
CORRESPONDING  FIELD  FORMS 
AT  SUCCESSIVE  TIME  INTERVALS 
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1269 — Measuring  Mechanical  Output 
of  Synchronous  Motor — A  synchrtpn- 
ous  motor  is  used  both  for  supplj-ing 
mechanical  power  and  for  power- 
factor  correction.  How  can  I  measure 
this  mechanical  power  output? 

s.  s.  V.  (new  jersey) 
The  mechanical  output  of  a  sjTichron- 
ous  motor  is  the  product  of  the  electrical 
power  input  and  the  motor  efficiency  at 
the  given  load  and  power-factor.  The 
electrical  power  input  may  be  measured 
by  means  of  a  wattmeter,  but  the  ef- 
ficiency must  be  calculated  from  data  ob- 
tained from  tests  on  the  machine.  The 
manufacturer  of  the  motor  will  prob- 
ably be  able  to  furnish  this  efficiency 
data.  However,  if  the  motor  is  of  rea- 
sonably large  size,  say  above  200  k.v.a., 
and  is  operating  at  a  power- factor  of  70 
percent  or  higher,  an  efficiency  of  0.90 
may  be  assumed.  Then  (kilowatts  out- 
put) =  (kilowatts  input)  X  0.90,  or 
(horse-power  output)  =  (kilowatts  in- 
put) X  0.90  X  I-34-  QC. 
1270 — Testing  Power-Factor  Meter — 
Please  discuss  methods  of  checking 
power-factor  meters.  H.J.  A.  (n.y.) 
Single-phase  power-factor  meters  may 
be  checked  by  means  of  a  voltmeter, 
ammeter  and  wattmeter.  A  polyphase 
three-wire  circuit  will  be  found  conveni- 
ent, since  both  leading  and  lagging 
power-factor  may  be  obtained  by  ar- 
ranging the  loads  in  the  two  phases.  If 
only  a  single-phase  circuit  is  available  a 
check  on  lagging  current  may  be  made 


phase  switchboard  type,  may  be  checked 
with  a  single  wattmeter  when  connected 
as  indicated  in  Fig.  1270(a) .  In  this  case 
a  balanced  three-phase  load  is  necessary. 
Simultaneous  readings  must  be  taken  on 
all  meters.  The  voltmeter  readings 
should  agree  with  each  other,  and  like- 
wise the  readings  of  the  ammeters.     In 

this  connection  sin  6  =  =^-i  ,   in    which 
E  I 

W  =  wattmeter  reading,  E  =  volt- 
meter reading,  /  ^  ammeter  reading 
and  Q  =:  the  phase  angle.  The  cosine 
or  power-factor  may  then  be  found  by 
referring  to  a  table  of  natural  functions 
of  angles.  If  it  is  found  impossible  to 
maintain  a  balanced  load,  a  three-phase 
meter  may  be  checked  by  the  two-watt- 
meter method,  the  connections  for  which 
are  given  in  Fig.  1270(b).  The  power- 
factor  can  be  calculated  by  using  the 
sum  of  the  wattmeter  readings  and  the 
average  of  the  voltmeter  and  ammeter 
readings  and  substituting  in  the  formula 

W 
W  =  Vj  E  I  cos  6,  or  cos  6  =     /T  p  j 

(power-factor).  This  method  is  only 
approximately  correct  on  unbalanced 
loads.  The  power-factor  may  also  be 
determined  from  the  ratio  of  the  watt- 
meter readings  with  the  connections 
given  in  Fig.  1270(b).  In  this  case  a 
balanced  load  is  necessary  and  the  for- 
mula used  in  calculating  power-factor  is. 


FIGS.  1270  (a)  and  (b) 

by  means  of  a  choke  coil  or  some  other 
form  of  reactance.  The  calculations,  of 
course,  are  simple,  since  power-factor  = 

—, — V^Slll .    The  meters  necessary 

volts  X  amperes 

to  check  a  two-phase  power-factor 
meter  are  a  polyphase  wattmeter  (or 
two  single-phase  meters),  two  am- 
meters and  two  voltmeters.  The  formula 
sum  of  -wattmeter 

.     ^  r     ,  readings 

IS  power-factor  =  j j-^ — - — - 

'^  sum  of  volt-amperes 

in  the  two  phases. 

Three-phase  meters  of  the  three-current 

type    construction,    such    as    the    three- 


cos  d 


iV\  = 


(7  +  iv) 


in    which 


yli  +3 

N  is  the  ratio  of  the  wattmeter  readings, 
obtained  by  dividing  the  smaller  reading 
by  the  larger.  In  testing  power-factor 
meters  the  best  results  can  be  obtained 
when  voltages  and  current  are  kept  nor- 
mal 0.  B.  R. 

1271 — Size  of  Engine — Size  of  engine 
being  given,  how  is  size  of  generator 
to  be  direct  connected  to  it  deter- 
mined? P.J.  (OHIO) 
For  a  direct-current  generator,  0.746 
X  engine  brake  horse-power  equals  the 
equivalent  kilowatt  capacity  of  the  en- 
gine, which  will  be  the  power  input  to 
the  generator.  Multiplying  this  quantity 
by  the  assumed  efficiency  of  the  gener- 
ator gives  the  kilowatts  output  of  the 
generator.  The  efficiency  may  be  as- 
sumed to  be  90  percent,  which  is  an  aver- 
age value.  Thus  0.90  X  0.746  X  Br.  Hp 
=  the  kilowatt  rating  of  the  generator. 
In  the  case  of  an  alternating-current 
generator  the  rating  as  found  above 
must  be  divided  by  the  power-factor  at 
which  the  generator  is  to  be  rated  to  de- 
termine the  k.v.a.  rating.  The  above  is 
based  upon  the  assumption  that  brake 
horse-power  is  known.  In  case  it  is  not 
known  it  may  be  found  by  multiplying 
the  indicated  horse-power  by  the  engine 
efficiency,  an  average  value  of  which  is 


taken  as  0.90.  The  generator  which  is  se- 
lected should  have  the  same  approximate 
overload  capacity  as  the  engine.  Q.  G. 

1272 — Direct-Current    Transmission  — 

Assuming  two  industrial  plants  located 
2000  feet  apart,  each  with  its  own  light 
and  power  plant.  Conditions  make  it 
necessary  to  concentrate  all  the  gener- 
ating equipment  at  one  plant  and  sup- 
ply the  necessary  250  kw  to  the  distant 
plant  over  a  pole  line.  Three-wire 
direct-current  125-250  volt  generators 
are  used  at  both  plants,  and  both  are 
equipped  with  230  and  220  volt  motors. 
It  is  proposed  to  group  all  the  230  volt 
motors  at  the  generating  end,  and  to 
group  all  the  220  volt  motors  at  the 
distant  plant.  Then  maintain  235  volts 
at  the  generator  and  allow  ten  volts 
drop  in  the  line,  so  that  225  volts 
would  be  available  at  the  distant  plant. 
This  would  also  allow  five  volts  drop 
between  the  mains  and  motors  at  both 
ends.  Aside  from  the  heavy  cost  for 
copper,  what  other  objections  are  there 
to  this  arrangement?  What  would  be 
a  more  practical  arrangement? 

P.J.  (oHio) 
The  method  mentioned  would  involve 
heavy  cost  for  copper,  as  noted.  As  an 
alternative  to  tliis  arrangement  we  would 
suggest  the  installation  of  boosters  in 
the  generating  station,  arranged  to  take 
care  of  from  15  to  25  percent  drop  in  the 
transmission.  The  arrangement  of  the 
booster  equipment  would  depend  on  the 
method  of  obtaining  the  neutral  con- 
ductor in  the  distant  plant.  Without  in- 
formation as  to  the  extent  of  the  light- 
ing load,  it  is  impossible  to  determine 
whether  it  will  be  more  economical  to 
carrj'  the  third  conductor  from  the  gen- 
crating  plant  or  to  install  a  balancer  set 
at  the  distant  industrial  plant.  In  case 
the  third  conductor  is  carried  from  the 
generating  plant,  a  booster  must  be  pro- 
vided in  both  sides  of  the  circuit.  This, 
in  the  case  of  a  motor-driven  outfit, 
would  require  a  three-machine  set. 
Where  the  balancer  set  is  located  in  the 
distant  plant,  a  single  booster  would  be 
satisfactorj'.  The  method  of  drive  used 
with  either  outfit  will  depend  on  local 
conditions,  as  it  may  be  possible  to  belt 
or  direct  connect  the  boosters  to  the 
main  generating  unit.  F.  c.  H. 

1273— Solvent    for    Bakelite— Is    there 

any  solvent  that  could  be  used  to  facil- 
itate   stripping    an    armature    winding 
that  had  been  impregnated  with  bake- 
lite? P.J.  (oHio) 
There  is  no  solvent  for  bakelite  in  its 
final  stage.     Sometimes,  however,  wind- 
ings can  be  removed  by  boiling  in  a  con- 
centrated   solution    of    lye    and    water. 
Usually   armature   windings   have  to   be 
totally  destroyed  in  stripping.     In  some 
types  of  machines,  if  a  bakelized  arma- 
ture is   short-circuited,  it   is  cheaper  to 
scrap  the  armature  than  to   attempt  to 
repair  it.  L.  T.  F. 
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are  so  well  safeguarded 
that  they  can  be  consid- 
ered almost  as  conserva- 
tive as  the  average  bond. 
Those  who  wish  the  maxi- 
mum income  from  good 
investments  should  con- 
sider placing  at  least  part 
of  their  funds  in  Public 
Utility  Preferred    Stocks. 
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With  the  (<rcsent  issue,  a  financial  sec- 
tion is  included.  It  is  planned  to  make 
this  section  of  the  Journal  0  regular 
feature  in  the  future.  A  prominent  IVall 
Street  financial  ivriter  has  been  secured 
as  financial  editor.  Discussions  of  an 
educational  nature  will  be  given  regard- 
ing public  utility  financial  matters,  along 
cvith  other  items  of  value  to  electrical 
men  generally. 

ELECTRICAL  SECURITIES 

More  and  more  the  conservative  in- 
vestor is  turning  towards  the  securities 
iif  companies,  the  stocks  and  bonds  of 
which  are  based  on  the  generation  and 
utilization  of  electricity  for  light,  power 
and  transportation.  Aside  from  securi- 
ties of  street  railway  companies,  the 
standard  investment  securities  for  many 
years  have  been  those  of  steam  railways, 
industrial  corporations  (to  use  the  word 
"industrial"  in  the  sense  in  which  it  is 
generally  used  in  speaking  of  invest- 
ments), government,  state  and  municipal 
bonds,  but  now  the  stocks  and  bonds  of 
L-lectric  light  and  power  companies  are 
lieginning  to  receive  that  attention  which 
they  have  long  deserved,  and  it  is  to 
them  that  many  conservative  investors 
are  turning  for  the  investment  of  a  con- 
siderable part  of  their  funds. 

Electric  railway  securities  for  a  time 
were  quite  popular  with  many  investors, 
but  the  demand  for  the  best  possible 
service  with  the  lowest  possible  rate  of 
fare,  the  exactions  of  labor,  the  heavy 
burdens  placed  on  the  companies  by  mu- 
nicipalities and  the  rise  of  the  jitney, 
combined  to  cause  a  depression  in  these 
securities,  which  as  yet,  even  with  the 
rapid  passing  of  the  jitney,  they  have  not 
been  able  to  overcome.  Eventually  street 
railway  securities  may  come  back  to 
their  own,  but  at  present  it  is  the  stocks 
and  bonds  of  electric  light  and  power 
companies  which  are  attracting  more  and 
more  the  attention  of  the  investor  who  is 
looking  for  security  of  investment,  sta- 
liility  of  earning  power  and  future  en- 
liancenicnt  in  the  market  value  of  his 
holdings. 

While  men  directly  connected  with  the 
light  and  power  industry  are,  of  course, 
entirely  familiar  with  the  wonderful 
growth  of  the  industry  in  a  physical  and 
mechanical  sense,  the  majority  of  them 
probably  has  paid  small  attention  to  what 
their  work  has  done  for  the  investor  in 
light  and  power  securities,  these  prac- 
tical workers  having  been  too  busily  oc- 
cupied in  extending  the  service  field  of 
the  light  and  power  industry  to  take  note 
of  the  steadily  increasing  intrinsic  value 
of  the  securities  brought  about  by  the 
work  which  they  were  performing  so 
well. 

The  growth  of  the  light  and  power  in- 
dustry has  been  one  of  the  industrial  and 
financial  wonders  of  the  United  States. 
In  igi4  it  is  estimated  that  the  total 
revenue  of  the  electrical  industry  of  the 
country  was  in  excess  of  $2265000000. 
Of  this,  electric  manufacturing  fur- 
nished $450000000;  electric  railways, 
$730000000;  electric  light  and  power 
companies,  $400000000;  telephone  com- 
panies, $350  000  000 ;  telegraph  companies, 
$85000000;  private  or  isolated  lightint; 
and   power  companies,  $125000000,   and 
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miscellaneous  lines  of  electrical  industry, 
$125000000.  It  is  the  electric  light  and 
power  branch  of  the  industry,  however, 
which  is  making  the  most  rapid  strides 
in  both  earnings  and  service.  In  1902 
the  total  revenue  of  the  light  and  power 
companies  of  the  country  was  but 
$78  735  500,  while  in  1912  this  had  in- 
creased 254.2  percent  to  $278  896  000,  and 
for  191 5,  despite  the  general  business  de- 
pression of  the  greater  part  of  the  year 
due  to  the  European  war,  it  is  estimated 
that  it  will  be  well  over  the  $400000000 
mark  set  by  191 4. 

From  1902  to  1912  capacity  of  gener- 
ating plants  increased  313.6  percent,  out- 
put in  kilowatt-hours  increased  375.8 
percent,  expenditures  for  construction 
increased  334.8  percent,  and  the  funded 
debts  of  the  companies  increased  252.7 
percent.  Since  1912  no  exact  figures  are 
available,  the  Census  Bureau  making  its 
reports  only  for  the  five-year  periods, 
but  the  growth  of  the  industry  since  that 
year  has  been  no  less  remarkable  than  in 
the  vears  preceding. 

Almost  $2500000000  of  securities  of 
electric  light  and  power  companies  are 
outstanding  and,  almost  from  the  time 
that  a  majority  of  these  were  issued, 
there  has  been  a  steady  appreciation  in 
their  market  value.  It  has  been  shown 
by  statistics  extending  over  a  long  period 
of  years  that  light  and  power  companies, 
while  earning  a  much  larger  rate  of  re- 
turn on  their  outstanding  securities  than 
any  other  class  of  corporation  and  at  the 


same  time  having  by  far  the  lowest  risk 
of  receivership,  have  seen  their  securi- 
ties selling  in  the  open  market  at  the 
lowest  price,  relatively,  of  any  securities 
generally  dealt  in. 

This  situation,  however,  is  now  being 
corrected,  and  it  is  evident  that  it  will 
not  be  long,  comparatively  speaking, 
until  light  and  power  stocks  and  bonds 
occupy  their  rightful  place  among  the 
leading  securities  in  the  investment  mar- 
kets of  the  country.  In  the  last  eighteen 
months,  in  which  all  investment  markets 
of  the  world  have  been  more  or  less  de- 
moralized, the  average  price  of  96  light 
and  power  bonds  showed  a  decline  of 
but  one  point  from  January,  1914,  to 
August,  1915,  while  in  the  same  time  the 
average  price  of  25  representative  rail- 
road bonds  declined  9.61  points.  At  the 
present  time  the  average  price  of  light 
and  power  bonds  is  well  above  what  it 
was  in  January,  1914,  while  the  average 
price  of  the  representative  railroad 
bonds  is  still  below  the  average  of  Janu- 
ary, 1914. 

At  the  same  time  a  compilation  of 
total  revenues  of  light  and  power  compa- 
nies of  the  country,  covering  more  than 
two-thirds  of  the  entire  industry,  shows 
that  in  the  first  year  of  the  European 
war,  when  earnings  of  industrial  and 
steam  railroad  companies  were  reporting 
marked  decreases,  revenues  of  light  and 
power  companies  in  the  aggregate  made 
steady  gains  and  that  in  no  month  of 
the  first  year  of  the  war  did  the  total 
earnings  of  the  industry  fall  below 
those  of  the  corresponding  month  of  the 
preceding  year.  The  smallest  gain  made 
in  any  one  month  was  in  February,  1915, 
when  the  combined  revenue  of  the  in- 
dustry was  but  two  percent  larger  than 
February,  1914,  but  since  that  time  there 
has  been  steady  improvement,  until  now 
average  gains  of  more  than  ten  percent 
are  being  shown  in  the  earnings  of  the 
industry  as  compared  with  earnings  in 
the  corresponding  months  of  the  pre- 
ceding year. 

The  last  two  years  from  a  financial 
standpoint  have  been  largely  a  period  of 
readjustment  with  the  electric  light  and 
power  companies.  The  expansion  of  the 
large  holding  companies  in  the  light  and 
power  field  for  a  time  was  so  rapid  that 
many  conservative  financial  men  feared 
that  an  era  of  inflation  was  at  hand  and 
that  these  companies  would  be  compelled 
to  go  through  such  a  process  of  reorgan- 
ization as  did  the  steam  railroads  of  the 
country.  But  these  fears  proved  to  be 
unfounded.  The  world-wide  tightening 
of  financial  conditions  just  previous  to 
the  outbreak  of  the  European  war  forced 
a  curtailment  of  this  corporate  expan- 
sion, and  the  financial  and  industrial  con- 
ditions created  by  the  actual  outbreak  of 
hostilities  were  followed  by  a  general  re- 
trenchment by  these  companies,  with  the 
result  that  now  they  are  in  a  stronger 
financial  position  than  ever  before  in 
their  history.  Instead  of  taking  on  and 
developing  additional  properties,  they 
were  compelled,  because  of  financial  con- 
ditions, to  begin  the  intensive  cultivation 
of  those  already  controlled,  and  the  ma- 
jority of  them  have  found  that  this  has 
proved  even  more  profitable  than  the 
acquisition  of  new  properties  and  the 
extension  of  their  undeveloped  holdings. 

The  inherent  strength  of  the  light  and 
power    companies    was    shown    in    this 


period  of  stress  by  the  fact  that  not  one 
single  important  company,  the  securities 
of  which  were  generally  held,  defaulted 
its  interest  or  was  forced  into  receiver- 
ship and,  while  some  of  the  companies 
deferred  dividends  on  their  stocks,  this 
was  done,  not  because  of  lack  of  earn- 
ings to  pay  dividends,  but  because  the 
money  was  urgently  required  for  the 
corporate  needs  of  the  company  and  to 
meet  the  demands  of  the  customers  for 
service.  Now,  with  the  opening  of  a 
new  year,  the  light  and  power  compa- 
nies of  the  United  States,  as  a  whole, 
are  in  position  to  do  their  full  part  and 
more  in  helping  along  the  great  indus- 
trial expansion  which  is  now  fully  under 
way,  and  which  their  gains  in  revenues 
show  they  are  leading. 

In  this  no  one  will  benefit  more  in  a 
financial  way  than  the  holders  of  the 
stocks  and  bonds  of  these  companies. 
The  increase  in  earnings  of  the  compa- 
nies will  be  reflected  in  the  advancing 
prices  of  their  securities,  and  the  holders 
of  these,  after  the  customers  of  the  com- 
panies, will  be  the  beneficiaries  of  the 
improved  methods  of  generation,  trans- 
i.iission  and  utilization  of  electric  cur- 
rent being  worked  out  by  the  thousands 
of  trained  electrical  men  of  the  country. 
That  these  men  should  have  a  part  in  the 
increase  in  value  of  electric  light  and 
power  securities  which  their  labor  makes 
possible  is  undeniable.  To  this  end  The 
Electric  Journal  will  each  month  de- 
vote more  or  less  space  to  a  discussion 
of  electric  securities,  paying  especial  at- 
tention in  each  issue  to  the  stocks  and 
bonds  of  one  or  more  leading  compa- 
nies, the  securities  of  which  have  a  wide 
market  and  which  are  in  position  to 
profit  largely  by  the  wonderful  growth 
of  the  light  and  power  industry  as  a 
whole,  the  full  possibilities  of  which  are 
as  yet  only  beginning  to  be  dimly  realized 
by  some  of  the  leading  men  in  the  elec- 
tric generating  and  distributing  industry. 


NEW  BOOKS 


"Principles  and  Practice  of  Cost  Ac- 
counting"— Frederick  H.  Baugh.  180 
pages,  illustrated.  Published  by  the 
author.  For  sale  by  The  Electric 
Journal.  Price  $3.00. 
The  author  discusses  the  objects  and 
advantages  of  cost  systems  and  shows 
the  distinction  between  financial  account- 
ing as  kept  by  most  concerns  and  cost 
accounting  designed  to  show  the  com- 
plete cost  of  each  article  or  job  treated 
separately.  By  the  latter  method  those 
responsible  for  production  can  definitely 
trace  each  operation  and  determine 
which  are  profitable.  The  author  as- 
sumes that  the  reader  possesses  a  fun- 
damental knowledge  of  accounting.  He 
emphasizes  the  fact  that  the  form  and 
method  of  handling  accounts  must  be 
appropriately  selected  and  adjusted  to 
the  nature  of  the  work.  Costs  are  classi- 
fied in  the  following  way: — Specific 
job  costs,  departmental  costs  and  process 
costs,  with  special  chapters  for  various 
classifications.  An  explanation  of  terms 
and  a  plea  for  uniform  terminology  is 
presented.  It  is  hoped  that  such  light  as 
the  author  throws  upon  this  important 
field  will  encourage  more  intelligent  ap- 
plication of  accounting  principles  than 
has  been  in  evidence  in  the  past.      E.  D.  D. 
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PERSONALS 
Mr.  H.  R.  Westcott.  until  recently  su- 
perintendent of  construction  for  the 
United  Illuminating  Company  of  New 
Haven,  has  opened  an  office  in  the 
Chamber  of  Commerce  Building,  New 
Haven,  Conn.,  for  general  engineering 
practice  and  will  specialize  on  the  inves- 
tigation, design  and  supervision  of  the 
erection  and  operation  of  power  sta- 
tions, mills,  electrical  installations,  etc. 


coin  is  well  known  in  engineering  cir- 
cles through  his  active  work  in  the 
American  Institute  of  Electrical  Engi- 
neers, of  which  he  was  president  dur- 
ing 1915.  He  is  a  well-known  writer  on 
technical  subjects  and  has  also  been 
identified  with  educational  work,  having 
for  some  time  filled  the  chair  of  pro- 
fessor of  electrical  engineering  of  the 
University  of  Pittsburgh.  Mr.  Lincoln 
was  graduated  from  the  Ohio  State  Uni- 
versity in  1892. 


Mr.  Paul  M.  Lincoln,  whose  connec- 
tion with  the  Westinghouse  Companies 
in  their  operating  and  engineering  ac- 
tivities dates  back  for  over  twenty-three 
years,  has  become  associated  with  the 
sales  organization  of  the  Westinghouse 
Electric  &  Mfg.  Company,  with  the 
title  of  commercial  engineer.     Mr.  Lin- 


Mr.  \V.  S.  Long,  who  has  been  con- 
nected with  the  Westinghouse  Electric 
&  Mfg.  Company  at  East  Pittsburgh  for 
the  past  eleven  years,  most  of  the  time 
in  the  treasury  department,  has  been  ap- 
pointed treasury  representative  of  the 
Chicago  district  office  of  the  company. 


Cities  Service  Co. 
Common  Stock 

has  advanced  from  45  to  119  recently  and  is  not  at 
present  paying  dividends. 

Cities  Service  Co. 
Preferred  Stock 

is  selling  around  78  and  is  paying  dividends  of  G'/c  per 
annum,  which  at  the  present  price  yields  approxi- 
mately 8*^  t  • 

We  therefore  recommend  for  immediate  investment 
Cities  Service  Co.  Preferred  Stock. 

Send  for  Our  Free  Review 

of  this  Company  which  we  have  just  completed. 

It  shows  what  the  Company  has  done,  is  doing,  and 
will  do. 

The  earnings  of  the  Company  and  its  subsidiary  prop- 
erties. 

The  development  and  possibilities  of  the  new  oil  fields. 

The  tremendous  gain  in  earnings  from  the  Traction, 
Gas  and  Power  properties. 

The  strong  financial  and  physical  condition  of  the 
Company. 

The  able  management  of  its  operators  and  in  fact  just 
what 

Cities  Service  Co.  Is 

and  why  we  are  bullish  on  the  Preferred  stock  as  a 
particularly  attractive  and  sound  investment. 

Williams,  Troth  &  Coleman 


60  Wall  Street 


Public  Utility  Securities 
Telephone  Hanover  5980 


New  York 
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A  NEW  SEWING  MACHINE  DRIVE 

A  new  type  of  motor  for  the  Wilcox 
&  Gibbs  domestic  sewing  machines  is 
being  placed  on  tlie  market  by  the  West- 
inghouse  Electric  &  Mfg.  Company. 
The  motor  is  smaller  than  those  previ- 
ously used  and  is  direct  coupled  to  the 
machine  shaft.  The  speed  of  the  motor, 
and  hence  of  the  needle,  is  under  perfect 
control  by  the  operator  from  a  special 
foot  pedal  supplied  with  the  motor.     In 


this  pedal  there  is  a  specially  constructed 
resistance,  which  has  virtually  an  un- 
limited number  of  steps  similar  in  prin- 
ciple to  a  slide  wire  resistance.  This 
gives  perfect  speed  control  from  zero  up 
to  1800  stitches  per  minute.  However, 
as  this  speed  is  higher  than  practicable, 
an  adjustable  stop  is  provided,  so  that 
the  operator  may  easily  adjust  the  maxi- 
mum speed  to  suit  her  own  taste.  .\ny 
speed  from  the  maximum  to  one  stitch 
at  a  time  may  be  obtained.  The  accel- 
eration is  always  smooth  regardless  of 
what  speed  is  desired;  there  is  no  jerk- 
ing, no  breaking  of  threads. 

No  brake  is  necessary,  because  the 
motor  very  quickly  comes  to  rest,  since 
the  large  flywheel  required  with  foot 
power  is  not  included  in  the  drive.  The 
motor  is  of  the  compensated  universal 
type,  which  may  be  used  on  any  no  volt 
circuit,  whether  it  be  25,  60  or  133  cycles. 
A  very  good  idea  of  the  compactness  of 
the  motor  may  be  gained  from  the  illus- 
tration, as  the  small  size  of  the  Wilcox 
&  Gibbs  sewing  machine  is  well  known. 


THE  N.E.L.A.  CONVENTION 
The  next  annual  convention  of  the 
National  Electric  Light  Association  is 
to  be  held  in  Chicago  at  the  Auditorium 
and  Congress  Hotels  during  the  week 
beginning  May  22. 


The  Railway  &  Industrial  Engineer- 
ing Company,  manufacturers  of  Burke 
horn  gap  switching  and  protective  ap- 
paratus and  outdoor  sub-stations,  have 
moved  their  sales  office  from  Greens- 
burg.  Pa.,  to  the  Peoples  Bank  Building, 
Pittsburgh,  Pa.  Mr.  L.  C.  Hart,  sales 
manager  of  the  company,  has  arranged 
at  their  new  office  an  exhibit  of  Burke 
horn  gap  apparatus,  in  addition  to  a 
complete  file  of  blue  prints,  photographs 
and  data  on  the  application  of  their  out- 
door equipment. 


MIDYEAR    MEETING    OF    THE 
AMERICAN  ELECTRIC  RAIL- 
WAY ASSOCIATION 

The  midyear  meeting  of  the  .^.E.R.A. 
will  be  held  on  February  4  at  the  Con- 
gress Hotel,  Chicago.  Addresses  and 
discussions  will  be  given  by  N.  T. 
Guernsey,  general  counsel,  American 
Tel.  &  Tel.  Company,  on  "Valuation ;" 
by  J.  D.  Mortimer,  president.  North 
.American  Company,  on  "Rate  of  Re- 
turn ;"  discussion  by  George  Weston, 
Board  of  Supervising  Engineers,  Chi- 
cago Traction,  and  P.  J.  Kealy,  Board 
of  Control,  Kansas  City.  In  the  evening 
.•iddresses  will  be  given  by  President 
Henry,  A.ER.A. ;  by  Thomas  Finigan. 
president  A.E.R.M.A. :  by  Hon.  Jacob 
M.  Dickinson,  former  Secretary  of  War. 
and  by  Hon.  Oscar  W.  Underwood. 
L'nited  States  Senator,  on  "Government 
Regulation  and  Our  Transportation  Sys- 
tems." 


THE  TIME  STUDY  WATCH  COM- 
PARED TO  THE  USUAL 
STOP  WATCH 

There  are  more  men  who  use  stop 
watches  to  get  close  approximations  of 
output  than  there  are  of  professional 
rate  setters  who  compile  elementary 
rates.  For  such  men  the  ordinary  deci- 
mal watch  is  not  satisfactory  because, 
after  the  time  of  an  operation  has  been 
taken,  a  difficult  mental  reduction  to 
output  per  hour  is  still  required.  The 
time  study  watch  with  its  computed  dial 
meets  the  requirements  of  all  factory 
users.  It  is  divided  into  tenths  and  hun- 
dredths of  minutes  and  contains  figures 


ELECTRIC  RADIATORS 
Tliere  is  no  load  that  is  more  desirable 
Irom  the  power  stations'  viewpoint  than 
that  of  electric  heating;  and  the  great 
advantage  from  the  consumer's  point  of 
\iew  are  so  manifest  that  only  the  ab- 
sence of  a  thoroughly  practical,  conveni- 
ent and  economical  system  of  electric 
heating  can  account  for  the  failure  to 
lind  electric  heating  in  widespread  use 
at  this  time.  To  meet  this  demand  the 
Lee  Electric  Radiator  Company,  629 
Peoples  Gas  Building,  Chicago,  has  de- 
veloped a  line  of  electric  portable  radi- 
ators which  greatly  reduce  the  cost  of 
heating  by  electricity ;  operate  at  a  mini- 
mum cost  of  maintenance;  give  a  uni- 
form and  steady  heat,  easily  controlled 
to  give  any  desired  degree  of  warmth 
The  line  of  portable  units  comprises 
units  rated  at  200,  500,  750  and  1000 
watts.  The  principle  involved  in  the 
construction  is  that  of  an  open  coil  sub- 
merged in  a  circulating,  non-corrodinjr. 
non-freezing,  insulating  liquid.  The  unit 
is  heremetically  sealed;  therefore,  no 
evaporation.  The  coil  is  contained  in 
the  bottom 
1  o  n  g  i  t  u  dinal 
passage  of  the 
radiators,  and 
by  use  of  the 
liquid  as  a  cir- 
c  u  1  a  t  ing  me- 
dium, a  steadi- 
ness and  uni- 
formity of  heat 
is  produced. 

These  porta- 
ble units  have 
.gained  marked 
favor  as  heaters 
for  bathrooms, 
sun  parlors, 
cashier  cages ; 
or  in  fact,  may 
be  used  wher- 
ever additional 
heat  is  re- 
quired. The 
units  may  be 
quickly  attached 
to  any  light 
socket  and  may  be  easily  regulated  by 
means  of  a  three-heat  switch.  The 
casters  with  which  they  are  equipped 
make  them  easily  transportable  from 
one  location  to  another.  The  500  watt 
size  weighs  approximately  40  pounds 
complete,  and  can  be  operated  for  2 
cents  per  hour  in  localities  where  the 
cost  of  current  is  4  cents  per  kvv-hr. 


distinctly  legible  that  indicate  at  any 
point  of  elapsed  time  exactly  what  the 
corresponding  output  is  per  hour.  The 
convenience  of  this  can  only  be  appre- 
ciated by  using  the  watch.  In  the  case 
of  short  operations,  it  is  good  practice 
to  time  ten  operations  and  add  a  cipher 
to  the  amount  shown  on  the  computed 
dial.  The  time  study  watch  has  this 
advantage  over  all  usual  stop  watches. 
It  is  designed  to  facilitate  the  deduction 
of  time  wasted  and  automatically  re- 
duces the  net  time  to  output  per  hour. 
Combining  all  other  valuable  features, 
the  time  study  watch  also  has  this  ad- 
ditional    advantage :  —  To     start,     push 


slide  towards  the  stem  ;  reversing  the  po- 
sition of  the  slide  stops  the  watch;  push 
the  crown  to  bring  hands  back  to  zero. 
This  watch  and  a  variety  of  other  types 
are  being  placed  on  the  market  by  Mr. 
M.  J.  Siiberberg,  452  Peoples  Gas  Build- 
ing, Chicago,  who  has  carefully  investi- 
gated the  making  of  efficiency  studies  in 
various  industries. 
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Developments 


Electrification 


The  salient  feature  which  has  been 
emphasized  during  the  past  few 
months  in  the  use  of  electric  power 
for  heavy  traction  is  the  concentrated 


amount  of  power  generated,  transformed  and  used  by 
the  various  types  of  apparatus.  Economies  in  weight, 
space  and  in  performance  have  all  been  conspicuous. 

In  the  generating  field,  turbogenerator  outfits  have 
been  installed  capable  of  carrying  peak  loads  up  to 
40  000  kilowatts,  which  are  mounted  in  the  same  engine 
space  in  which  were  previously  installed  reciprocating 
engine  units  of  only  7500  kilowatt  capacity.  A  striking 
feature  is  that  the  same  boilers  were  used,  the  increased 
capacity  being  secured  by  improvement  in  steam  econ- 
omy, as  well  as  intensified  operation  of  the  boilers 
through  highly  developed  mechanical  stokers.  This 
demonstrated  ability  of  large  turbogenerator  units  to 
produce  power  at  low  cost  is  a  great  incentive  to  the 
wider  use  of  electricity. 

In  the  transmission  end,  distributing  transformers  are 
now  built  of  10  000  kilowatt  capacity  per  unit ;  trans- 
mission voltages  as  high  as  150000  volts  are  entirely 
commercial.  For  use  in  connection  with  subway,  ele- 
vated and  surface  lines,  rotary  converters  weighing 
less  than  100  000  pounds  are  capable  of  peak  swings  of 
12000  kw.  These  units  are  being  installed  in  the  same 
space  formerly  occupied  by  1500  kw  units. 

In  locomotive  and  multiple-unit  train  operation,  de- 
mands for  power  commonly  run  from  6000  kilowatts  for 
multiple-unit  trains  to  12000  kilowatts  for  single  trains 
operated  by  locomotives.  The  most  conspicuous  exam- 
ple of  heavy  drafts  for  power  is  that  of  the  Norfolk  & 
Western  Railway,  the  operation  of  which  is  meeting 
with  most  enthusiastic  indorsement  on  the  part  of  rail- 
way men  who  have  grown  up  under  steam  operation. 

It  is  now  generally  accepted  that  the  contact  system 
for  railroad  electrification  requires  overhead  conductors. 
The  common  voltage  is  1 1  000  volts  for  alternating  cur- 
rent and  1200  to  5000  volts  for  direct  current.  What 
voltage  may  be  expected  to  prevail  for  direct  current  is 
somewhat-  uncertain ;  in  other  words,  present  voltages 
may  be  considered  transitory. 

The  selection  of  voltage  for  a  direct-current  system 
controls,  to  a  major  extent,  the  design  and  character  of 
the  equipment,  both  for  the  power  house  and  sub- 
stations, and  for  the  rolling  stock.  With  alternating 
current  the  change  in  voltage  is  practically  that  of 
change  in  transformer  ratios  alone,  both  in  the  genera- 
tion and  transformer  stations  and  in  the  equipment. 

Coincidentally  with  the  development  of  large  gen- 
erating and  transforming  apparatus  has  been  carried  on 
a   development   of   the   switching   and   circuit-breaking 


apparatus,  so  that  vast  amounts  of  power  are  handled 
with  certainty.  One  of  the  gratifying  features  of 
development  has  been  the  increasing  standardization 
of  the  use  of  electro-pneumatic  control,  this  being 
now  imiversal  for  recent  subway  and  elevated  appli- 
cations and  extending  to  approximately  225  electric 
properties. 

Electrical  apparatus  in  general,  and  especially  that 
for  railway  use,  is  now  built  with  increased  economy  of 
material  and  improved  efficiency  of  operation.  All  of 
the  above  considerations  promote  the  advantages  to  be 
derived  from  electrical  operation,  and  in  all  fields  will 
secure  its  more  extended  use.  F.  H.  Shepard 


Riding  a 


It  has  been  said  that  Charles  Dar- 
H  kk  ^^'"'   ^^^'^  eminent   English   naturalist, 

y  worked  so  continuously  over  his  scien- 

tific studies  that  he  lost  his  sense  of  musical  harmony ; 
thus,  though  a  lover  of  music  as  a  youth,  one  of  the 
greatest  regrets  of  his  old  age  was  his  inability  to  appre- 
ciate a  musical  composition.  This  is  an  extreme  case  of 
intense  application  to  a  special  line  of  work.  The  dis- 
advantages of  too  uninterrupted  application  are  numer- 
ous;  the  sacrifice  of  health  which  frequently  results  is 
only  one  of  many.  An  avocation — "riding  a  hobby" — 
seems  to  be  essential  not  only  to  the  enjoyment  of  good 
health,  but  to  the  fullest  enjoyment  of  the  mental  fac- 
ulties and  for  the  prevention  of  intellectual  narrow- 
ness. In  fact,  many  of  our  most  prominent  men  have 
become  famous  through  their  hobbies.  Herschel  and 
Brashear,  the  one  a  musician  and  the  other  a  steel 
worker,  made  their  reputations  in  astronomy — and  both 
eventually  made  this  their  profession.  Lubbock,  the 
statesman,  is  noted  for  his  researches  in  archeology  and 
entomology.  Fabre,  a  school  teacher,  has  become  fa- 
mous by  his  studies  of  insect  life.  Roosevelt  is  beloved 
for  his  hobbies  even  by  his  political  opponents. 

The  electrical  industry  is  especially  indebted  to  men 
who  have  had  avocations  as  well  as  vocations.  At  the 
time  they  made  the  investigations  on  which  their  elec- 
trical fame  is  based,  Franklin  was  a  printer,  Galvani  a 
surgeon.  Coulomb  a  military  engineer.  Ohm  a  professor 
of  mathematics, — the  list  may  be  multiplied  indefinitely. 

In  this  issue  of  the  Journal  is  described  the  hobby 
of  a  man  who  has  combined  the  fascination  of  photog- 
raphy, and  the  inborn  love  of  the  chase  with  his  own 
natural  bent  toward  mechanics,  in  a  manner  that  has 
been  of  exceeding  benefit  to  him  in  the  way  of  health 
and  recreation,  and  has  made  him  a  charming  com- 
panion in  an  hour  of  ease.  It  is  characteristic  that  an 
engineer  should  have  pursued  his  hobby  in  such  a 
strictly  engineering  manner.  Chas.  R.  Riker 


Single-Phase  Commutator  Motors 


R.  E.  Hellmund  and  J.  \'.  Dobsox 

Railway  Engineering  Dept., 

Westinghouse  Electric  &  Mfg.  Company 


THE  recent  introduction  on  a  large  scale  of  single- 
phase  commutator  motors  other  than  the  straight 
series  type  for  heavy  traction  railway  work  has 
aroused  interest  in  the  "whys  and  wherefores"  of  the 
numerous  possible  types  of  single-phase  commutator 
motors.  On  account  of  the  large  variety  of  possible 
types,  the  average  engineer  is  under  the  impression  that 
it  requires  specialized  study  to  find  one's  way  through 
all  the  numerous  possibilities  and  to  understand  even  the 
more  essential  working  principles  of  the  various  types. 
As  a  matter  of  fact  it  requires  only  the  application  of 
two  or  three  very  simple  fundamental  principles  in  order 
to  understand,  at  least  in  a  general  way,  the  various  pos- 
sibilities for  single-phase  commutator  motors  adapted 
for  railway  work.  It  is  intended  in  this  article  to  give  a 
brief  outline  of  these  motors  and  (in  some  future  arti- 
cles) to  discuss  the  more  detailed  working  character- 
istics of  the  important  types. 

SOME    FUNDAMENTAL    PRINCIPLES    OF   THE    SINGLE-PHASE 
COMMUTATOR    MOTOR 

Engineers  in  general  are  familiar  with  the  classifica- 
tion of  direct-current  motors  which  usually  distinguishes 
between  shunt  motors,  series  motors  and  compound 
motors.  Most  of  these  motors  are  provided  with  stator 
field  coils  for  the  purpose  of  exciting  a  magnetic  field 
which,  through  its  action  upon  the  current-carrying  con- 
ductors of  an  armature,  produces  the  motor  torque. 
This  field  will  hereafter  be  referred  to  as  the  torque 
field.  Such  a  field  is  required  in  any  alternating-current 
commutator  motor,  and  in  many  cases  it  is  obtained  in 
exactly  the  same  manner,  by  stator  field  coils  or  equiva- 
lent windings.  While  in  direct-current  motors  it  is  cus- 
tomary and  usually  most  economical  to  produce  this 
torque  field  by  a  winding  on  the  stator,  it  is  also  quite 
possible  to  excite  this  field  by  a  rotor  winding.  To  do 
this  it  is  only  necessary  to  provide  the  armature  with  a 
second  winding  and  commutator  and  to  send  the  excit- 
ing current  through  this  second  armature  winding  by 
means  of  brushes,  which  are  displaced  90  electrical  de- 
grees away  from  the  axis  of  the  brushes  carrying  the 
armature  working  current,  as  shown  in  Fig.  i.  Such  a 
construction  has  been  adopted  with  direct-current 
motors  in  special  cases  to  obtain  certain  unusual  results. 

The  same  thing  can  be  done  and  has  been  done  to  a 
larger  extent  with  alternating-current  commutator 
motors  than  with  direct-current  motors,  because  with 
the  former,  armature  excitation  brings  with  it  certain 
marked  advantages,  as  for  instance,  power-factor  com- 
pensation and  the  possibility  of  shunt  characteristics 
which,  as  will  be  shown  later,  cannot  be  obtained  with 
slator-e.xcited  motors.  It  is  also  possible  to  furnish  ex- 
citation for  the  torque  field  by  currents  both  in  the  stator 


and  in  the  rotor.  Accordingly,  it  is  possible  to  classify 
single-phase  commutator  motors  according  to  their 
method  of  excitation  as  follows  : — 

I — Stator  excited  motors. 
2— Armature  excited  motors. 
3 — Doubly  excited  motors. 
The  latter  two  classes  have  not  been  applied  to  rail- 
way work  in  this  country  up  to  the  present.    While  the 
armature  excited   single-phase  motor  does  not  always 
require  a  separate  armature  winding,  as  shown  in  Fig.  i, 
it    does    require    additional    brushes,    and    as    25    cycle 
single-phase   motors   have   numerous   brushes   anyhow, 
the  addition  of  exciting  brushes  has  been  considered  an 
unwarranted   complication.     For  this   reason  armature 
excited  and  doubly  excited  motors  are  not  dealt  with  in 
detail  here. 

Modern  direct-current  motors,  in  addition  to  main  or 
torque  field  windings,  are  usually  provided  with  com- 
mutating  field  windings,  the  axis  of  whose  coils  is  in 
line  with  the  axis  of  the  armature  brushes  carrying  the 
working  current.  Since  these  coils  induce  a  field  which 
is  located  at  right  angles  to  the 
torque  field  it  is  called  the  cross 
field.  It  is  customary  in  direct- 
current  motors  to  develop  such  a 
cross  field  only  locally  near  the 
brush  zone. 

Under  especially  severe  condi- 
tions of  commutation  and  tend- 
ency to  flashovers,  certain  direct-current  machines 
have  been  provided  with  both  a  local  commutating 
pole  winding  and  a  cross  field  winding  distributed  over 
the  pole  faces.  Again,  in  other  direct-current  ma- 
chines the  local  commutating  pole  winding  and  distrib- 
uted winding  have  been  combined  into  one  single  dis- 
tributed cross  field  winding.  Whenever  only  a  com- 
mutating pole  winding  is  used  it  serves  to  neutral- 
ize the  cross  fields  set  up  by  the  armature  over  the 
commutating  zone  only.  When  a  distributed  field  is 
also  used,  its  purpose  is  to  neutralize  the  fields  set  up 
by  the  armature  over  the  entire  pole  face  in  order  to 
avoid  the  so-called  field  distortion  which  is  obtained  if 
the  armature  field  is  not  neutralized.  The  purpose  of 
neutralizing  the  armature  field  of  a  direct-current  ma- 
chine is  to  reduce  the  liability  of  flashovers.  Whenever 
a  single  distributed  field  is  used  in  direct-current  ma- 
chines it  usually  serves  the  double  purpose  of  neutral- 
izing the  armature  field  over  the  entire  pole  face  and 
of  furnishing  a  resultant  cross  field  for  the  purpose  of 
improving  the  commutation. 

The  purpose  of  the  cross  field  windings  as  outlined 
applies  also  to  alternating-current  motors.  The  dis- 
tributed cross  field  winding  for  this  type  of  machine, 


Fir..   I — .VRM.^TORE 
KXCITED  MOTOR 


THE    ELECTRIC   JOURNAL 


113 


however,  has  a  double  advantage  in  neutraHzing  the 
armature  field.  Any  magnetic  field  in  an  alternating- 
current  motor  reduces  the  power-factor.  The  torque 
field  and  the  commutating  field  are,  of  course,  necessary 
for  the  successful  operation  of  the  motor;  the  armature 
field  is  unnecessary.  It  follows,  therefore,  that  the  cross 
field  winding,  by  neutralizing  the  armature  field,  not 
only  corrects  main  motor  field  distortion,  but  also  im- 
proves the  power-factor.  In  some  alternating-current 
motors  both  a  local  commutating  field  winding  and  a 
distributed  cross  field  winding  have  been  used  to  good 
advantage  for  the  same  purpose  as  in  direct-current 
motors,  namely,  for  furnishing  a  commutating  field  and 
for  neutralizing  the  armature  cross  field  over  the  entire 
surface.  Again,  in  other  alternating-current  motors  a 
single  distributed  cross  field  winding  for  the  double  pur- 
pose of  neutralizing  the  armature  field  and  providing  a 
commutating  field  has  been  used.  Accordingly,  both 
alternating  and  direct  current  commutating  motors  may 
be  classified  with  regard  to  their  cross  field  structure  as 
follows : — ■ 

I — Motors  with  local  commutating-pole  winding  only. 
2 — Motors  with  local  commutating-pole  winding  and  a  dis- 
tributed cross  field  winding. 

3 — Motors  with  a  single  distributed  cross  field  winding. 

As  already  intimated,  motors  of  the  first  type,  while 
the  most  popular  in  case  of  direct  current,  are  hardly 
ever  used  for  alternating- 
current  motors.  Motors 
of  the  second  type  with 
t  w  o  separate  windings, 
while  giving  excellent  re- 
sults with  certain  connec- 
tions for  very  low  fre- 
quency motors  (15  cycles),  have  so  far  not  been 
considered  sufficiently  advantageous  for  higher  frequen- 
cies (25  to  60  cycles)  to  warrant  their  use  in  this  coun- 
try on  account  of  the  complication  of  having  two  sep- 
arate fields.  The  third  type  with  a  single  distributed 
winding  is,  therefore,  the  only  type  which  is  at  present 
of  practical  importance  in  this  country  for  railway 
work  and,  therefore,  the  following  considerations  are 
limited  to  this  type. 

While  the  torque  and  cross  field  windings  in  an 
alternating-current  motor  are  primarily  used  for  the 
same  purpose  as  in  direct-current  motors,  their  action  is 
in  one  respect  essentially  different.  Fig.  2  shows  dia- 
gramatically  an  armature  A,  a  single  torque  field  wind- 
ing B,  and  a  single  cross  field  winding  C.  As  the  arm- 
ature rotates,  certain  rotational  voltages  are  induced  in 
the  armature  conductors  by  the  flux  of  the  two  fields. 
In  direct-current  tnotors  these  are  the  only  voltages  in- 
duced. In  akernating-current  motors  the  fluxes  set  up 
by  the  stator  windings  or  the  armature  are,  however,  of 
a  fluctuating  nature  and,  therefore,  they  induce  not  only 
a  voltage  of  self-induction,  hut  also,  by  transformer 
action,  a  voltage  in  any  other  winding  with  which  they 
happen  to  interlink.  Thus  the  torque  field  interlinks 
with  the  individual  armature  turns  and  induces  by  trans- 
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FIG.      3 — ST.'VTICVLI.Y     INDUCED     ARMATURE 
VOLTAGES    DUE    TO    TORQUE     (mAIN)     FIELD 


former  action  voltages  in  them.  If  these  voltages  in  all 
the  coils  between  the  two  brushes  be  added,  as  shown  in 
Fig.  3,  the  resultant  voltage  is  zero  and,  therefore,  does 
not  need  to  be  given  any  further  consideration.  Injuri- 
ous voltages  are,  however,  induced  in  the  coils  which  are 
short-circuited  by  the  brushes,  since  these  coils  are 
located  with  their 
a.xis  in  line  with 
the  axis  of  the 
torque  field.  Since 
:he  brushes  com- 
Dlete  a  closed  cir- 
:uit  for  each  of 
these  coils,  cer- 
tain so  -  c  a  1 1  e  d 
short-circuit  cur- 
rents are  flowing. 
This  in  turn 
causes  arcing  at 
the  brushes  when 
the  bar  undergoing  commutation  moves  from  under 
the  brush,  thereby  opening  the  circuit.  This  par- 
ticular transformer  action  serves  no  useful  purpose 
and,  in  fact,  is  the  only  reason  why  additional  com- 
mutation difficulties  are  experienced  in  alternating- 
current  motors.  The  cross  field  interlinks  both  with  the 
cross  field  windings  and  with  most  of  the  armature 
turns,  as  shown  in  Fig.  4.  Fortunately  the  short- 
circuited  armature  coils  have  their  axes  at  right  angles 
to  the  cross  field  and,  therefore,  the  cross  field  does  not 
induce  by  transformer  action  a  voltage  making  commu- 
tating difficulties  in  connection  with  the  armature  work- 
ing brushes.  By  adding  up  the  voltage  induced  by  the 
cross  field  in  the  armature  turns  between  the  brushes 
it  is  found,  however,  that  an  appreciable  voltage  is 
induced  by  the  cross  field  in  the  armature.  The  relative 
amount  of  voltage  induced  in  the  cross  field  and  the 
armature  by  the  cross  field  on  account  of  the  fluctua- 
tions of  the  cross  field  depends  principally  upon  the  rela- 
tive numljcr  and  distribution  of  turns  of  the  two  wind- 


FIG.   4 — STATICALLY   INDUCED   ARMATURE   VOLTAGES   DUE   TO 
CROSS   FIELD 

ings,  and  the  relative  eft'ects  of  the  two  windings  upon 
each  other  are  similar  to  those  of  the  two  windings  of  a 
regular  transformer.  If,  therefore,  with  a  transformer 
ratio  of  I  ;  i  a  certain  voltage  is  impressed  upon  the 
cross  field  winding,  this  same  voltage  will  be  induced  in 
the  armature  circuit  by  transformer  action.  On  the  other 
hand,  if  a  certain  load  current  flows  in  the  armature,  an 
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equivalent  load  current  has  to  flow  in  the  cross  field 
winding.  The  only  difference  between  the  total  current 
in  the  two  windings  is,  exactly  as  in  the  case  of  a  trans- 
former, a  certain  magnetizing  current  necessary  for 
exciting  or  inducing  the  cross  field.     With  the  various 


can  be  done  by  short-circuiting  the  circuit  of  the  cross 
field  winding  as  shown  in  Fig.  j-A.  The  flowing  of  the 
working  current  in  the  armature  sets  up  a  sufficient  cross 
field  to  induce,  by  transformer  action,  a  voltage  in  the 
cross  field  to  drive  a  current  through  the  field  which  is 


types  of  motors,  this  transformer  action  between  the     equal  to  the  armature  current,  assuming  a  transformer 
cross  field  winding  and  the  armature  can  be  made  use         '         '  -       ~      '^'         -  '  '--^ 

of  in  various  ways,  namely,  the  voltage  can  be  im- 
pressed upon  the  cross  field  winding  and  induced  in  the 
armature,  or  again,  the  current  can  be  made  to  flow 
through  the  armature  and  compensating  currents  in  the 
cross  field  windings  can  be  caused  to  flow  by  trans- 
former action.    Finally,  it  is  possible  to  impress  voltages 


ratio  of  I  :  i.  The  working  method  of  the  motor  of 
Fig.  y-A  is,  therefore,  exactly  the  same  as  that  of  a 
straight  series  motor,  with  the  exception  that  a  very 
small  cross  field  exists.  While  Fig.  -y-A  shows  points  of 
contact  between  the  armature  and  cross  field  circuit,  the 
short-circuited  cross  field  can  be  kept  entirely  separate, 
as  shown  in  Fig.  y-B.     This  arrangement  is,  of  course, 


upon  both  windings  with  a  limited  exchange  of  power  more  advantageous  in  practice,  because  the  cross  field 

between  the  two.     With  the  above  principles  in  mind,  circuit  will  be  subjected  to  only  very  low  voltages  and 

it  is  easy  to  classify  the  single-phase  commutator  motors  does  not  need  to  be  insulated  for  the  line  voltage.    A  still 
with  stator  excitation  having  a  single  cross  field  winding. 

CLASSIFICATION   OF   SINGLE-PHASE   COMMUTATOR    MOTORS 

WITH  PURE  STATOR  EXCITATION  AND  A  SINGLE 

CROSS   FIELD    WINDING 

The  simplest  form  of  alternating-current  commutator 
motor  is  the  straight  series  motor  shown  in  Fig.  6- A.  In 
this  type  of  motor  all  three  windings  are  connected  in 
series  and  the  cross  field  is  wound  to  neutralize  the 
armature  cross  field.  Since  the  armature  and  the  cross 
field  are  wound  for  the  same  number  of  turns  and  carry 
the  same  current  the  cross  field  is  practically  zero.  The 
commutating  characteristics  of  the  motor  are,  there- 
fore, practically  the  same  as  those  of  a  non-commutating 
pole  series  direct-current  motor,  with  the  dift'erence  that 
both  the  torque  field  and  the  armature  currents  vary 
together  in  phase  and  in  magnitude,  and  therefore  a  fluc- 
tuating instead  of  a  uniform  torque  is  obtained ;  another 
difference,  of  course,  is  that  the  harmful  transformer  or 
short-circuit  voltage  is  induced  in  the  armature  coils 
short-circuited  by  the  brushes,  resulting  in  additional 
commutating  difficulties.  This  type  of  motor  is  usually 
called  the  straight  series  motor.  Usually  the  field  coils 
are  wound  on  polar  projections,  as  in  direct-current 
motors.  It  is,  however,  quite  possible  and  somewhat 
advantageous  to  distribute  the  main  field  winding  over  a 
number  of  slots.  Fig.  ^-A  shows  a  distributed  main  field 
winding  and  a  distributed  cross  field  winding.  From  the 
current  directions  indicated,  it  is  evident  that  the  same 
results  will  be  obtained  if  the  two  windings  are  replaced 
by  a  single  winding,  as  shown  in  Fig.  5-B.  It  is  quite 
practical  to  employ  such  a  single  winding  in  place  of  the 
two  separate  windings  in  all  cases  where  the  two  wind- 
ings are  to  carry  the  same  current,  and  where  it  is  not 
necessary  to  reverse  one  of  the  two  windings  individ- 
ually, as  required  when  the  motor  is  to  be  reversed.  Fig. 
6-B  shows  diagrammatically  a  series  motor  in  which  the 
two  stator  windings  are  combined  into  one. 

Instead  of  connecting  the  cross  field  winding  in  series 
with  the  armature  in  order  to  obtain  compensating  cur- 
rents, these  compensating  currents  may  be  induced  in  the 
cross  field  winding  by  the  transformer  action  between 
the  field  and  the  armature,  as  previously  discussed.    This 


(a)- 
(b)- 


FIG.    S — CROSS    FIELD    EXCITED    SERIES    MOTORS 

-With  two  distributed  field  windings. 

-With  a  single  distributed  resultant  field  winding. 


simpler  practical  arrangement  is  shown  in  Fig.  y-C, 
where  each  individual  cross  field  coil  is  short-circuited, 
which  gives  practically  the  same  result.  The  motors 
shown  in  Fig.  7  are  often  called  series  motors  with  short- 
circuited  cross  field,  or  series  motors  with  inductive 
compensation  or  neutralization. 

Instead  of  inducing  the  compensating  currents  in  the 
cross  field  by  sending  currents  through  the  armature 
circuit,  the  reverse  can  be  done,  as  shown  in  Fig.  8. 
Here  the  line  voltage  is  impressed  upon  the  cross  field 
circuit  and  transformed  into  the  armature  circuit  by  the 
transformer  action  between  it  and  the  cross  field.  Fig. 
?>-A  shows  again  certain  common  points  for  the  two  cir- 
cuits, but  in  practice  the  armature  circuits  may  be  com- 
pletely separated  from  the  line,  as  in  Fig.  8-S.  The 
motors   shown   in   Fig.   8  have   frequently   been   called 
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repulsion  motors,  but  it  is  generally  believed  now  that 
this  name  should  be  abandoned. 

Instead  of  impressing  either  the  entire  line  voltage 
upon  the  armature  circuit  or  the  cross  field  circuit,  it  is 
possible  to  impress  a  certain  voltage  on  each  of  the  two 
circuits,  as  shown  in  Fig.  g-A.  The  two  voltages  are  in 
this  case  taken  from  two  separate  parts  of  the  trans- 
former. Instead  of  doing  this,  they  may,  of  course,  be 
taken  from  the  same  part  of  the  transformer,  as  shown 
in  Fig.  g-B,  with  a  part  of  the  transformer  furnishing 
current  to  both  circuits.  Again,  it  is  possible  to  design 
the  two  circuits  so  that  they  can  receive  the  same  volt- 
age, which  leads  to  Fig.  9-C. 

Instead  of  impressing  upon  the  two  circuits  a  voltage 
in  the  same  direction,  it  is  also  possible  to  impress  two 
voltages  in  opposite  directions,  as  in  Figs.  lO-A  and  C. 
Figs.  6  to  10  vary  from  each  other  only  in  that  the  line 
power  is  fed  dififerently  to  the  various  circuits  and, 
therefore,  it  is  logical  to  classify  the  motors  along  such 
lines.  Accordingly,  all  single-phase  commutator  motors 
may  be  classified  as  follows  : — 

I — Series  fed  motors,  with  power  fed  to  a  single  circuit 
containing  armature  and  cross  field  winding  in  series  con- 
nection. (Sometimes  called  straight  series  motors;  or  series 
motors  with  conductive  compensation,  or  conductive  neutrali- 
zation ;  or  conduction  motors). 

2 — Armature  fed  motors,  having  two  circuits  with  power 
fed  to  the  circuit  containing  the  armature.  (Sometimes  called 
series  motors  with  short-circuited  cross  field  circuit ;  or  series 
motors  with  inductive  compensation,  or  neutralization ;  or  con- 
duction motors). 

3 — Stator  (cross  field)  fed  motors,  having  two  circuits  with 
power  fed  to  the  circuit  containing  the  cross  field  stator 
winding.  (Sometimes  called  repulsion  motors;  or  transformer 
motors;  or  commutator  induction  motors). 

4 — Doubly  fed  motors,  having  two  circuits  with  power  fed 
to  each  of  the  circuits  in  the  same  direction.  (Sometimes 
called  series  repulsion  motors ;  or  transformer  conduction 
motors;  or  transformer  series  motors). 

5 — Reverse  doubly  fed  motors,  having  two  circuits  with 
power  fed  to  each  of  the  circuits  in  opposite  directions.  (Some- 
times called  reversed  series  repulsion  motors ;  or  reversed 
transformer  conduction  motors ;  or  reversed  transformer  series 
motors). 

In  comparing  the  motors  of  the  last  four  types,  as 
shown  in  Figs.  y-A,  8- A,  g-A  and  10- A,  it  will  be  noticed 
that  in  principle  they  are  really  all  one  and  the  same 
connection  diagram,  the  only  difference  being  that  the 
middle  lead  M  of  the  Fig.  g-A  is  shifted  into  different 
positions.  By  shifting  the  lead  M  of  Fig.  g-A,  for  in- 
stance, until  it  coincides  the  left  lead  L,  an  armature  fed 
motor  is  obtained.  On  the  other  hand,  by  shifting  the 
lead  M  of  Fig.  9  -A  until  it  coincides  with  the  right  lead 
R,  the  stator  fed  motor  shown  in  Fig.  8-A  is  obtained. 
By  shifting  the  lead  M  beyond  the  right  lead  R  of  Fig. 
g-A,  the  reverse  doubly  fed  motor  shown  in  Fig.  lo-A 
is  obtained.  In  other  words,  the  straight  doubly  fed 
motor  may  be  considered  as  the  fundamental  type  of 
which  the  armature  fed,  stator  fed  and  reverse  doubly 
fed  motors  are  simply  special  cases  with  zero  or  reverse 
voltages  in  either  of  the  two  circuits.  The  Figs.  J-B 
and  y-C,  8-5,  etc.,  are  only  natural  developments  for 
practical  use  based  on  the  above  fundamentals. 

In  all  the  figures  discussed  so  far,  the  torque  field 
carries  the  armature  current  which,  for  the  same  reason 


as  in  direct-current  motors,  gives  a  series  characteristic 
to  the  motor.  It  has  been  pointed  out  that,  on  account 
of  transformer  action,  the  current  in  the  cross  field  must 
be  approximately  proportional  to  the  armature  current 
and,  therefore,  approximately  proportional  to  the  load 
of  the  motor.  It  is,  therefore,  quite  possible  to  obtain 
series  characteristics  by  exciting  the  torque  field  with 
the  cross  field  current  instead  of  the  armature  current. 
In  other  words,  having  in  an  alternating-current  motor 
two  currents  which  are  proportional  to  the  load,  either 
one  may  be  used  in  the  torque  field  coils  for  obtaining 
series  characteristic. 

Another  way  of  obtaining  the  same  results  is  to  use 
the  sum  of  the  currents  instead  of  either  of  them 
singly.  Again,  it  is  possible  to  obtain  similar  results 
by  using  the  difference  of  the  two  currents,  if  they 
differ  appreciably,  by  making  the  transformer  ratio  be- 
tween the  armature  and  the  cross  field  different  from 
1:1.  It  is  evident  that  if  either  of  the  two  currents  are 
proportional  to  the  load  that  their  sum  and  difference 
will  be  approximately  proportional  to  the  load  also. 

Instead  of  using  the  currents  directly,  there  is  the 
further  possibility  of  inserting  series  transformers  in 
any  one  or  any  number  of  the  leads  carrying  the  arma- 
ture or  the  cross  field  current,  or  the  sum  or  difference, 
choosing  transformer  ratios  of  any  desired  kind  and 
combination. 

Accordingly,  all  alternating-current  motors  with 
series  characteristic  may  be  classified  as  follows :- — 

I — Motors  with  torque  field  excited  by  the  armature  current. 

2 — Motors  with  torque  field  excited  by  the  cross  field  cur- 
rent. 

3 — Motors  with  torque  field  excited  by  the  sum  of  the  arma- 
ture and  cross  field  current. 

4 — Motors  with  torque  field  excited  by  the  difference  be- 
tween the  armature  and  cross  field  current. 

5 — Motors  with  torque  field  excited  by  a  transformer  cur- 
rent. 

It  is  now  evident  that  by  making  various  combina- 
tions for  feeding  power  into  the  motor  and  for  exciting 
the  torque  field  many  different  motor  types  may  be  ob- 
tained. Figs.  II  to  31  all  represent  motor  types  corre- 
sponding to  those  shown  in  Figs.  7  to  10,  inclusive, 
the  only  difference  being  that  the  torque  field  is  excited 
by  different  currents,  all  of  which  are  proportional  to 
the  load.  Figs.  11  to  14  have  the  torque  field  excited  by 
the  cross  field  current.  Fig.  11-^4  corresponds  to  J-A, 
ii-B  corresponds  to  J-B,  12- A  to  8-A,  etc. 

With  Figs.  II  to  14  the  torque  field  winding  and  the 
cross  field  winding  carry  the  same  current,  and  they  may 
under  certain  conditions  previously  mentioned  be  com- 
bined into  one  single  winding.  By  doing  so,  the  Figs. 
15  to  18  are  obtained  corresponding  to  the  Figs.  11  to  14. 
Figs.  19  to  22  are  possible  motor  connections  with  the 
torque  field  excited  by  the  sum  of  the  armature  and 
cross  field  current.  Figs.  23  to  26  are  possible  motor 
connections  with  the  torque  field  excited  by  the  differ- 
ence of  the  armature  and  the  cross  field  current. 

The  number  of  possible  combinations  for  a  trans- 
former excited  torque  field  is  so  numerous  that  a  com- 
plete classification  is  almost  hopeless.    The  primary  cur- 
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SERIES  FED  MOTORS 


Motors  or  Series  Motors  wit 
Conductive  Compensation) 
: -(No  CommutatmB  Field) 


ARMATURE  FED  MOTORS 


(Sometimes  called  Series  Motors 
with  Short  Circuited  Cross  Field 
Circuit  or  Series  Motor, 
Ih  Inductive  Compensation) 
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FIGS.    6   to    l8 — CLASSIFICATION    OF    SINGLE-PHASE    MOTORS 

Types  used  in  this  country  up  to  the  present  time  are  designated  by  the  letter  X.    Transformer  is  shown  dotted 

where  it  may  be  omitted. 
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SERIES    FED  MOTORS 

nctimes  called  Straight  Serjc 


ARMATURE     FED  MOTORS 

(Sometimes  tailed  Series  Motors 

with  Short  tircuitetj  Cross  Fieh 

Circuit  or  Stnes  Motors 

with  Inductive  Compensation) 
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Fig,  27 
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Fig.  29 


Fig.  30 


Fig  31 


FICS.    ig  to  31 — CLASSIFICATION  OF   SINGLE-PHASE   MOTORS 

Sec  Figs.  7(b)  and  7(c)  for  possible  modifications  of  Fig.  28;  Figs.  8(b)   and  8(c)   for  modifications  of   Fig.  29;  and  Fig.  9(c) 

for  modification  of   Fig.  30. 


rent  of  the  transformer  may  be  equal  to  the  armature  or 
cross  field  current,  the  sum  or  (difference  of  the  two  and 
their  various  combinations,  and  there  are  also  possi- 
bilities of  using  all  kinds  of  transformer  ratios  and  of 
combining  the  transformers  so  as  to  add  or  subtract 
their  voltages.  One  of  the  many  possibilities  is  shown  in 
Fig.  32.  Except  where  special  results  are  desired,  there 
is  hardly  any  reason  for  using  secondary  transformer 
currents  instead  of  the  motor  currents  without  trans- 
formation for  exciting  the  torque  field,  because  addi- 
tional transformers,  of  course,  mean  additional  expense 
and  complication.  In  cases  where  a  main  transformer 
is  available,  however,  it  is  possible  to  use  the  primary 
current  of  this  transformer,  as  this  is  also  about  propor- 
tional to  the  load  for  exciting  the  torque  field.    Figs.  27 


to  30  show  some  of  the  possible  motor  types  with  the 
torque  fields  excited  by  the  primary  transformer  current. 
The  question  arises  as  to  why  a  number  of  the  pos- 
sible motor  types  shown  are,  or  may  become,  of  prac- 
tical importance,  especially  insofar  as  all  of  them  give 
nothing  but  approximately  the  same  series  characteristic. 
The  reasons  for  using  one  or  the  other  type  under  vari- 
ous conditions  are  many. 

REL.\TIVE  MERITS  OF  DIFFERENT  METHODS 

The  series  fed  motor  has  the  advantage  that  it  Ccin, 
without  change,  be  used  for  both  alternating  and  direct 
current  operation,  and  it  is,  therefore,  advantageous 
where  such  a  condition  has  to  be  met.  The  armature 
fed  motor  permits  the  separation  of  the  cross  field  wind- 
ing  from  the  line  voltage  and,  therefore,   has  certain 
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advantages  with  regard  to  the  insulation  of  the  cross 
field.  The  stator  fed  motor  permits  the  separation  of 
the  armature  circuit  from  the  line  voltage  and,  therefore, 
has  certain  advantages  with  regard  to  the  insulation  of 
the  armature.  The  stator  fed,  doubly  fed  and  reverse 
doubly  fed  motors  have  certain  advantages,  with  regard 
to  commutation,  over  the  series  fed  and  armature  fed 
motors.  The  two  latter  types  do  not  provide  for  a  com- 
mutating  field.  It  so  happens,  however,  in  the  three 
other  types  that  the  transformer  cross  field  is  of  such 
phase  as  to  induce  in  the  short-circuited  armature  coil 
by  rotation  a  voltage  which  counteracts,  to  a  certain 
extent,  the  harmful  sparking  voltage.  It  further  hap- 
pens that  this  cross  field  is  of  approximately  the  right 
strength  for  compensating  the  harmful  sparking  volt- 
ages at  synchronous  speed  with  the  stator  fed  motor. 
For  this  reason  stator  fed  motors  are  best  adapted  for 
operating  near  the  synchronous  speed.  For  similar  rea- 
sons, doubly  fed  motors  are  best  adapted  for  operating 
speeds  above  synchronism,  and  reverse  doubly  fed 
motors  are  best  adapted  for  operating  speeds  below  syn- 
chronism. 

In  considering  the  relative  merits  of  the  various 
methods  of  exciting  the  torque  field,  it  should  be  men- 
tioned that  all  motors  with  the  torque  field  excited  by 
the  armature  current  have  the  marked  advantage  that 
the  torque  field  is  always  exactly  in  phase  with  the 
torque  currents  in  the  armature.  This  is  the  most 
efficient  condition,  because  as  soon  as  the  torque  currents 
in  the  armature  are  out  of  phase  with  the  torque  field 
the  torques  obtained  with  the  same  current  and  the  same 
field  strength  are  less  than  when  there  is  no  phase  dis- 
placement between  the  two. 

One  of  the  principal  reasons  for  using  any  of  the 
other  torque  field  excitations  is  that,  under  certain  con- 
ditions, they  give  somewhat  better  commutation.  With 
the  torque  field  connected  in  series  with  the  armature, 
the  harmful  sparking  voltage  and  the  counteracting  volt- 
age induced  by  rotation  in  the  cross  field  are  not  always 
exactly  opposed  to  each  other,  so  that  they  may  form  a 
harmful  resultant  voltage.  Especially  for  high-fre- 
quency, low-speed  motors,  better  results  may  be  obtained 
when  the  torque  field  is  excited  by  the  cross  field  cur- 
rent. The  same  is  true  with  regard  to  motors  in  which 
the  torque  field  is  excited  by  the  sum  of  the  two  cur- 
rents. On  the  other  hand,  motors  in  which  the  torque 
field  is  excited  by  the  diiTerence  of  the  two  currents  give 
the  best  commutating  conditions  in  high-speed,  low- 
frequency  motors.  The  motors  excited  by  the  primary 
transformer  current  also  give  better  results  for  low 
speeds  than  motors  excited  by  the  armature  current. 

The  motors  which  are  stator  fed  have  one  marked 
advantage  over  all  other  motors,  and  that  is  that  they 
may  be  built  for  most  any  existing  line  voltage.  The 
armature  voltage  of  single-phase  commutator  motors 
must,  on  account  of  commutating  considerations,  always 
be  relatively  low,  and  the  types  shown  in  the  attached 
table  with  the  transformer  dotted  can,  therefore,  be 
connected  to  an  exsting  line  voltage  onlv  if  such  line 


voltage  is  relatively  low.  With  the  stator  fed  motor 
it  is,  however,  possible  to  choose  any  desirable  trans- 
former ratio  between  the  armature  and  the  cross  field 
and,  therefore,  such  a  motor  can  be  designed  for  any  line 
voltage  suitable  and  practicable  for  other  types  of 
motors.  For  this  reason  the  motor  types  shown  in  Figs. 
12-5  and  15-B  have  become  particularly  popular  for 
industrial  work. 

Of  further  importance  in  connection  with  the  choice 
of  the  type  of  motor  are  the  control  arrangements  in- 
volved in  connection  with  the  various  types.  As  a  rule, 
those  motors  which  have  only  two  leads,  as  for  instance. 
Figs.  6,  7-fi  and  7-C,  g-C,  10-C,  ii-B,  12-B,  etc.,  will 
give  the  simplest  control  arrangements.  Again,  motor 
types  which  can  be  designed  for  higher  voltages,  and 
therefore  smaller  current,  like  the  stator  fed  motors,  will 
usually  call  for  switches  with  smaller  current-carrying 
capacity,  and  will  for  this  reason  be  more  advantageous. 
On  the  other  hand,  it  must  be  considered  that  motors 
with  the  sum  of  the  currents  in  the  main  field  are  dis- 
advantageous in  so  far  as  they  require  very  heavy 
switches  in  the  main  field  circuit. 

In  many  practical  applications  it  is  further  desirable 
to  weaken  the  field  of  the  motor  in  starting,  because 
when  the  motor  stands  still  no  compensating  commu- 
tating voltage  can  be  induced,  and  because  it  is  therefore 
desirable  to  keep  the  harmful  transformer  voltage  small. 
It  has  been  found  quite  practical  in  such  cases  to  make 
the  transformer  ratio  between  the  armature  and  cross 
field,  and  consequently  the  current  ratio,  different  from 
I  :  I,  and  to  vary  the  field  strength  by  shifting  the  torque 
field  from  one  of  the  circuits  to  the  other ;  that  is,  by 
using  two  types  of  connections  for  the  same  application. 
This  is  especially  advantageous  with  motors  that  have 
to  operate  over  a  large  range  of  speed.  It  is  thus  quite 
logical  to  operate  a  motor  reverse  doubly  fed  below 
synchronous  speed,  stator  fed  around  synchronous  speed 
and  doubly  fed  over  synchronous  speed. 

In  view  of  the  very  close  relationship  in  the  connec- 
tions as  well  as  in  the  essential  working  characteristics, 
and  the  fact  that  the  change  from  one  scheme  to  the  other 
is  mostly  accomplished  by  changing  the  connections,  it 
does  not  seem  advisable  to  attempt  a  very  complicated 
system  of  nomenclature.  In  everyday  practice  it  seems 
quite  sufficient  to  designate  all  of  the  motors  of  the  table 
simply  as  series  motors.  Where  more  detailed  informa- 
tion is  required,  the  names,  "series  fed,"  "armature 
fed,"  "stator  fed,"  "doubly  fed"  and  "reverse  doubly 
fed"  are  quite  sufficient  for  any  of  the  diagrams  shown 
under  these  headings.  Only  in  exceptional  cases  may  it 
be  advisable  and  necessary  to  mention  how  the  torque 
field  is  excited.  This  simple  classification  should  be 
sufficient,  because  usually  only  one  or  two  of  the  possible 
types  designated  by  these  headings  are  of  practical  im- 
portance. These  more  important  types  are  shown  in 
heavy  lines  in  the  figures,  and  are  further  indicated  by 
a  letter  X.  The  series  fed  motor.  Fig.  6- A,  has  been 
used  extensively  in  railway  work  where  both  alternating 
and  direct  current  operation  were  required  of  a  motor. 
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The  armature  fed  motors,  Fig.  7-B  and  Fig.  "j-C,  espe- 
cially the  latter,  represented  until  recently  the  standard 
type  of  motors  for  straight  alternating-current  railway 
work.  The  stator  fed  motor.  Fig.  12-A,  is  being  used  to 
some  extent  as  a  starting  connection  for  railway  motors, 
while  the  stator  fed  motor.  Fig.  \6-B,  has  been  used 
extensively  in  connection  with  industrial  motors.  The 
doubly  fed  motor  shown  in  Fig.  g-A  is  being  used  as  a 
running  connection  for  railway  motors,  while  Fig.  g-C 
is  a  convenient  connection  for  smaller  doubly  fed 
motors  used  as  auxiliaries  on  electric  cars  and  locomo- 
tives, as  well  as  for  industrial  work.  The  reverse  doubly 
fed  motor.  Fig.  14-^,  has  served  as  a  starting  connec- 
tion for  railway  motors.  Even  though  these  are  the  only 
stator  excited  types  which  have  been  used  so  far  in  this 
country,  as  far  as  the  writers  are  aware,  it  is  of  course 
quite  possible  that  some  of  the  other  types  may  be  used 
to  good  advantage,  but  it  is  unlikely  that  there  will  be 
more  than  about  ten  different  types  of  stator  excited 
series  motors  at  all  popular. 

This  discussion  has  been  limited  to  series  motors 
with  a  single  torque  field  winding.  In  special  cases  it 
may  be  convenient  to  provide  two  or  more  torque  field 
windings,  each  of  which  carries  one  of  the  possible  cur- 
rents previously  discussed. 

A  purely  stator  excited  single-phase  shunt  motor  or 
motor  with  shunt  characteristics  is  practically  inopera- 

Transformer  Transformer 


Separati 


FIG.   32  FIG.  33 

FIG.  32 — DOUBLY  FED,  SEPAR.\TELY  EXCITED  FIELD 

Equivalent  to  two-phase. 

FIG.    33 — DOUBLY    FED    FIELD 

Inductively  excited  by  sum  o-f  -cross  field  and  armature  current. 
tive.  A  shunt  connected  coil  for  exciting  the  torque  field 
would  have  its  flux  shifted  about  90  degrees  against  the 
impressed  voltage,  while  the  armature  current  in  the 
same  motor  would  be  shifted  only  a  small  amount 
against  the  impressed  voltage.  This  means  that  the 
torque  field  and  the  torque  current  in  the  armature  are 
considerably  out  of  phase  and  that  the  torque  obtained 
with  a  given  field  and  armature  current  will  be  very 
small.  Such  motors  would  consequently  have  a  very 
low  weight  efficiency.  Their  use  will,  therefore,  be  re- 
stricted to  cases  in  which  certain  results  may  be  obtained 
by  bringing  the  field  and  current  into  phase  by  adding 


resistance  in  the  field  circuits  or  by  designing  an  espe- 
cially inductive  armature  circuit,  or  both.  Shunt  con- 
nected motors  have  also  been  used  to  some  extent  as 
short-time  transition  connections  in  connection  with 
series  motors. 

Similar  conditions  apply  to  stator  excited  compound- 
wound  motors.  While  it  is  possible  to  build  a  motor 
similar  to  a  compound-wound  direct-current  motor  with 
a  series  and  shunt  coil  for  the  torque  field,  such  a  motor 
would  practically  not  adjust  its  field  with  the  load.  If 
in  any  alternating-current  apparatus  a  constant  voltage 
is  being  impressed  upon  a  coil,  the  fiux  inside  of  the  coil 
will  be  given  by  this  voltage,  because  the  flux  will  always 
adjust  itself  to  induce  a  counter  e.m.f.  equal  and  oppo- 
site to  the  impressed.  If  another  coil,  like  a  series 
excited  coil,  is  made  to  act  upon  the  same  magnetic 
circuit,  it  will  simply  change  the  current  in  the  shunt  coil 
with  constant  voltage  until  the  currents  in  the  two  coils 
together  give  the  same  magnetizing  effect  as  before  and 
induce  the  same  field.  This  means  that  the  usual  way 
of  building  compound-wound  direct-current  motors  is 
not  applicable  to  alternating-current  motors. 

The  only  practical  means  of  obtaining  a  stator  ex- 
cited commutator  motor  with  shunt  characteristics  for 
alternating  currents  is  to  impress  upon  the  torque  field 
a  constant  voltage  which  is  about  90  degrees  different  in 
phase  from  the  voltage  impressed  upon  the  power  cir- 
cuit. This  can  either  be  done  by  means  of  a  phase  con- 
verter, as  shown  in  Fig.  32,  or  by  means  of  a  polyphase 
system.  In  either  case  the  motor  is  no  longer  a  single- 
phase  motor,  Motors  being  excited  by  a  phase  converter 
have  been  used  in  connection  with  single-phase  systems 
to  a  limited  extent  where  regenerative  control  was  at- 
tempted. 

Compound-wound  motors  with  their  shunt  winding 
excited  by  a  voltage  of  difTerent  phase  may  be  obtained 
by  means  of  special  arrangements,  which  are,  however, 
of  no  great  importance  in  connection  with  the  present 
discussion.  The  working  principles,  the  working  char- 
acteristics, the  commutating  properties  and  the  like  for 
the  more  popular  types  of  the  stator  excited  series 
motors  will  be  discussed  more  in  detail  later.  The  pres- 
ent article  was  merely  intended  to  give  a  simple  classi- 
fication and  rough  idea  of  the  working  principles  to  engi- 
neers who  are  interested  in  the  subject  in  a  general  way. 
It  was  realized  that  the  work  of  a  large  nurnber  of  engi- 
neers, while  arousing  a  certain  interest  in  the  single- 
phase  commutator  motor,  does  not  require  a  detailed 
analysis  of  the  commutating  conditions  and  best  ar- 
rangements along  this  line. 


The  Electrification  of  Transportation  Lines 
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J-.  VER  since  the  first  car  was  propelled  by  electricity 
U  it  has  been  the  dream  of  the  travehng  public  to 
L  hav  all  railway  trains  moved  by  that  mystenous 
pr  In  the  early  days  of  electric  railways  it  wa 
Cght  a'Vtely  pULd  that  the^ectrifi^:ation^^ 

all  st^.  railways  ^^;-^-:^:::Zn  an 
a  very  few  years,     ihese  preui>.uu  ,   „j    o  lark 

"'xrotsands  of  miles  of  new  electric  railways  have 

been  b"lt    many  of  them  performing  service  compar^ 

r  to    team  railways,  both  with  motor  cars  and  with 
able  to  steam  railway  ,  ^^^  ^.^^^  ^^ 

locomotives,  but  up  to  date  oniy  electrical 

steam  railway  trackage  has  been  equipped  for  electnca 

%t"onsiderations  that  have  thus  far  influenced  the 
adoption  of  electricity  in  place  of  steam  have  been. 
fS  elimination  of  smoke  and  gases  ^-mong  tun- 
nels; 2-increased  capacity  and  higher  class  of  service 
for  handling  suburban  traffic  in  large  terminals  3-  "" 
::as:dt?acity  of  mountain  grade  -^Iway.  both  for 
nassenger  and  heavy  freight  haulage;  4-^^g^  ^ost  ot 
?ue  and  cheap  water  power;  5-increased  capacity 
Sher  class  and  more  reliable  service  on  congested 
trunk  lines ;  6— legislation. 

TUNNELS 

The  use  of  steam  locomotives  in  long  tunnels  is  at- 
tended with  discomfort  to  passengers  and  danger  to  the 
train  criws  under  normal  conditions  of  operation,  while 
unTer  el'aordinary  conditions  such  as  obtain  when  a 
h^':;  train  is  stopped  in  a  long  tunnel  ^-es  ma^  be  o 
due  to  asphyxiation.  A  long  tunnel  on  a  railway  is 
usually  the  "neck  of  the  bottle,"  the  place  where  the 
greatest  congestion  takes  place  due  to  the  difficulties 
arising-  from  smoke  and  gases.  ^  ,  ■ 

"'The  Baltimore  &  Ohio  Railroad  tunnel  at  Ba^t.mor 
was  electrified  about  twenty  years  ago.     Since  thei    the 
Snd  Trunk  Railway  has  i-Jalled  electnc^ocon.^^^^^^^^ 
for  the  tunnel  under  the  St.  Clair  River  ^^  ?;/  ^luoi 
Michigan;  the  Great  Northern  has  electrified  the  Ca 
cade  Tunnel;  the  Boston  &  Maine,  its  Hoosac  Tunne 
the  New  York  Central  &  Hudson  ^--^  R^/l-^^/^^ 
Park  I^enue  Tunnel  at  New  York ;  the  Michigan  Cen- 
fra    RaUway,  its  Detroit  River  Tunnel  at  Detroit    and 
the  Penn'ySania  Railroad  has  equipped  its  new  tubes 
*nder  "he  North  and  East  Rivers  at  New  York   for 
dec  ric  operation  exclusively.     Another  important  tun- 
nel  that  has   recently  been   electrified   ,s   the   Elkliom 
xtnnd  on  the  Norfolk  &  Western  Railway  near  Blue- 
fidd,  West  Virginia. 

--^on,  a  paper  read  before  the  Second  Pan  A,.eHca„  Scien- 
tific Congress  at  Washington,  D.  C,  Jan.  4,  ipio. 


TERMINALS 

There   are   many    taciden.al   »''7"'»'="   ';°™2f, 

noisdess  operation  of  the  trains 

real  estate  adjacent  to  the  raiU^ays        ..1  -  ^^^^  ^^^^^ 

of  the  railway  property.    ^^  mak's  1    p 
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wnerc  n.  ^        .7  possible  delay. 
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A    ,  M  these     It  has  moeh  the  largest  system  of  any 
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dental  advantages  o.^-^l tTNewHar li^s 
Both  the  New  York  C'ntral  and  ."-  „,5„ded  their 

make  use  of  this  stat.on,  and  "» *  l""' •^"",i„_,he 

=-"'=SS:ert 

r^:^»:diree;r;rn:is;r:uh„g,heire„.i^ 

dectric  locomotives,  but  its  freight  by  steam.  Ihe  New 
Haven  has  high-speed  dectric  locomotives  for  fast 
^rrhpLsenger  trains,  moderate-speed  locomotives 
'foXt/passenger  and  freight  service,  and  slow-speed 
locomotives  for  switching. 

The  Pennsylvania  Station  is  used,  ^^^  before  stated 
bv  the  Long  Island  Railway  for  its  suburban  traffic,  and 
Jso  as  the'trminal  for  all  the  Pennsylvania  passenger 
t  affic      The  locomotives  used  for  these  trams  are  the 
.  .rfnl  nassen-er  dectric  locomotives  ever  built. 

most  powerful  passenger  cic^ 

\  single  locomotive  hauls  a  train  weighing  500  to  »oo 
tons  i  a  two  percent  grade  at  30  to  40  nules  per  hour. 

-^^^?:;m?iSit:xrtiy.edri- 

,ed  the  n::^  line  west  from  the  Broad  Street  Station 
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in  Philadelphia  to  Paoli,  and  handles  their  heavy  subur- 
ban traffic  by  multiple-unit  trains. 

MOUNTAIN    GRADES 

Grades  varying  from  one  to  three  percent  are  fre- 
quently as  great  handicaps  to  the  movement  of  trains 
as  are  long  tunnels.  Due  to  the  limited  boiler  capacity 
of  the  steam  locomotive,  the  power  it  can  develop  is 
necessarily  limited.  Consequently,  either  the  trailing 
load  per  locomotive  must  be  limited  or  the  speed  must 
be  reduced.  Usually  both  weight  and  speed  have  to  be 
decreased,  and  trains  that  are  normally  run  on  light  or 
level  grades  with  a  single  steam  locomotive  are  taken 
up  grades  with  additional  locomotives  at  reduced  speeds. 
On  a  two  percent  grade  the  speed  of  a  freight  train  is 
commonly  seven  or  eight  miles  per  hour  with  steam 
locomotives,  while  with  electrics,  which  do  not  carry 
their  power  plants  with  them,  it  may  be  any  speed  from 
10  to  25  miles  per  hour.  Freight  train  speeds  with  elec- 
tric operation  on  grades  will  usually  be  between  14  and 
20  miles  per  hour.  Steam-driven  passenger  trains  ordi- 
narily ascend  such  grades  at  speeds  of  15  to  25  miles  per 
hour.  These  can  be  increased  to  25  to  40  miles  per  hour, 
or  higher,  with  electricity.  The  average  speed  can  be 
still  further  increased  due  to  the  fact  that  no  stops  are 
necessary  for  taking  on  fuel  and  water. 

Another  advantage  of  the  electric  locomotive  on 
mountain  grades  is  its  ability  to  hold  the  train  in  de- 
scending a  grade  at  a  steady  speed  by  using  the  motors 
on  the  locomotives  as  generators,  thus  generating  elec- 
tric power  which  is  used  to  help  some  other  train  up  the 
hill.  Its  value  consists  not  only  in  the  amount  of  power 
saved  as  in  the  greater  safety  with  which  the  electric 
trains  may  descend  the  grades,  as  air  brakes  are  used 
only  to  stop  the  trains  or  in  case  of  emergency.  With 
steam  locomotives,  air  brakes  have  to  be  used  all  the 
way  down  a  grade,  thus  causing  excessive  heating  and 
rapid  deterioration  of  brake  rigging  and  of  wheel  tires. 
Regenerative  control  permits  a  much  higher  speed  on 
down  grades,  which  still  further  increases  the  average 
speed.  There  is  thus  less  interference  with  traffic  in 
every  way  and  the  service  is  much  more  reliable.  An 
electrified  mountain  grade,  like  an  electrified  tunnel,  can 
no  longer  be  considered  the  "neck  of  the  bottle"  on  a 
railway. 

.\s  an  example,  the  Norfolk  &  Western  Railway  is 
operating  their  Elkhorn  Grade  Division  with  electric 
locomotives,  covering  a  distance  of  about  35  route  miles 
of  two  or  more  tracks  on  maximum  grades  of  two  per- 
cent against  the  load  and  2.6  percent  with  the  load.  This 
road  has  a  very  heavy  traffic,  chiefly  of  coal,  which 
originates  largely  in  that  district.  Formerly  three  huge 
Mallet  compound  steam  locomotives  with  mechanical 
stokers  and  super-heaters  were  used  to  haul  trains 
weighing  3250  tons  up  the  two  percent  grade  at  a 
speed  of  only  seven  or  eight  miles  per  hour,  while  two 
electric  locomotives,  one  pulling  and  the  other  pushing, 
take  the  same  train  up  this  grade  at  14  miles  per  hour. 
On  the  light  grades  one  electric  hauls  the  entire  train  at 
a  speed  of  28  niles  per  hour. 


CHEAPER    W.\TER    POWER 

Several  other  lines,  notably  the  Spokane  &  Inland 
Empire  Railway  and  the  Butte,  Anaconda  &  Pacific  are 
handling  lighter  traffic  on  generally  lighter  grades.  The 
last  two  railways  named  and  the  Chicago,  Milwaukee  & 
St.  Paul,  which  is  now  starting  operation  on  the  first 
section  of  its  440  mile  electrification,  are  all  in  the 
mountains  of  Montana,  Idaho  and  Washington,  where 
coal  is  quite  expensive,  steam  locomotives  are  ex- 
pensive to  maintain  and  there  is  an  abundance  of 
water  power.  The  Spokane  &  Inland  Railway  was 
electrified  when  built  and  has  operated  successfully 
the  past  eight  years.  It  is  a  single-track  railway  about 
120  miles  in  length.  The  Butte,  Anaconda  &  Pacific 
has  been  in  very  satisfactory  operation  for  about  two 
years  on  about  33  miles  of  line  with  a  fairly  heavy 
mineral  traffic.  The  operation  of  these  two  lines  was 
so  successful  that  the  Chicago,  Milwaukee  &  St.  Paul 
was  impelled  to  undertake  the  large  electrification  men- 
tioned, on  which  the  decreased  cost  of  power,  lower 
cost  of  maintenance  and  other  incidental  advantages 
are  e.xpected  to  be  sufficient  to  pay  a  profit  on  the  in- 
vestment. 

In  cases  where  fuel  is  very  expensive,  electrical  oper- 
ation will  require  only  about  one-half  as  much  fuel  as 
will  be  needed  for  steam  locomotives  to  perform  the 
same  service.  This  is  due  to  the  great  increase  in  the 
efficiency  of  the  central  station  generating  units  and  the 
electric  locomotive. 

MAIN    LINE 

The  New  York,  New  Haven  &  Hartford  Railway  is 
the  only  road  in  this  country  which  has  extended  its 
electrical  operation  to  include  all  classes  of  service,  and 
is  the  only  example  of  extensive  electrification  for  han- 
dling a  trunk  line  railway  with  very  heavy  passenger 
and  freight  traffic.  The  high-speed  passenger  locomo- 
tives operate  regularly  at  60  to  75  miles  per  hour,  heavy 
passenger  and  express  trains  at  45  to  60  miles  per  hour, 
and  freight  trains  at  30  to  45  miles  per  hour.  Switching 
in  the  huge  classification  yards  is  done  by  electric 
switchers,  which  are  able  to  operate  continuously  for 
days  at  a  time,  thus  doing  the  same  work  as  two  or 
three  times  as  many  steam  engines.  Multiple-unit  trains 
are  also  used  for  handling  suburban  service  on  this  and 
the  New  York,  Westchester  &  Boston,  which  is  a  sub- 
sidiary line. 

LEGISL.\TI0N 

The  electrification  of  the  Grand  Central  Station  and 
terminal  at  New  York  was  forced  by  legislative  enact- 
ment on  account  of  an  accident  in  the  tunnel.  Other 
cities  have  since  talked  of  forcing  railways  to  electrify 
their  terminals  in  a  similar  manner,  but  thus  far  none 
of  th"fem  has  required  it,  and  it  is  to  be  hoped  that  it  will 
not  bthdone.  The  electrification  of  the  steam  railways 
in  a  large  city  means  so  much  more  than  the  mere 
change  of  motive  power  in  order  to  secure  the  possible 
advantages  from  it,  that  it  should  not  be  undertaken 
hastily  or  ill-advisedlv. 


^ 
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The  results  of  existing  electrifications  prove  beyond 
question  that  any  class  of  service  can  be  handled  at  least 
as  well  by  electricity  as  by  steam.  They  further  show 
that  in  several  classes  of  service,  electricity  can  handle 
traffic  far  better  than  steam. 

The  Steam  Locomotive — Few  people  realize  what 
tremendous  improvements  have  been  made  in  the  steam 
locomotive  since  the  electric  motor  has  been  applied  to 
railway  work.  Twenty-five  years  ago  the  American 
type  locomotive  was  the  standard  for  passenger  service. 
It  could  develop  scarcely  looo  horse-power  for  any 
length  of  time.  After  that  came  the  Atlantic  type  with 
the  same  number  of  driving  wheels,  but  with  greatly 
increased  boiler  capacity  and  heavier  weights  on  driving 
wheels.  Finally,  super-heaters  and  mechanical  stokers 
were  added  to  this  locomotive,  which  is  now  able  to 
develop  2000  horse-power  for  an  hour  at  a  time  at  high 
speeds.  There  is  also  at  the  present  time  the  Pacific 
type  locomotive,  with  three  driving  axles  instead  of  two, 
with  the  same  heavy  weight  of  60000  to  70000  pounds 
per  driving  axle,  still  larger  boiler  and  all  other  improve- 
ments, that  is  able  to  develop  3000  horse-power  at  70 
miles  per  hour.  The  efficiency  of  the  locomotive  has 
been  greatly  increased  also,  but  the  cost  of  maintenance 
is  still  high,  the  mileage  without  rest  is  still  small,  it  still 
gives  off  smoke  and  cinders  and  its  capacity  is  still  far 
less  than  can  be  concentrated  in  an  electric  locomotive  at 
one  end  of  a  train  and  operated  by  one  crew.  It  has 
taken  more  than  80  years  to  bring  the  steam  locomotive 
to  its  present  high  state  of  perfection.  There  is  all  the 
more  reason  for  congratulation  in  the  fact  that  the 
electric  locomotive  in  one-fourth  of  the  time  has  been 
able  to  do  so  much  more. 

PROBLEM    OF   ELECTRIFICATION 

The  problem  of  electrification  of  railways  covers  a 
great  deal  more  than  the  locomotives.  The  steam  loco- 
motive is  an  independent  unit  which,  so  long  as  it  has  a 
supply  of  coal  and  water  on  board,  can  operate  over 
any  track.  The  electric  locomotive  by  itself  can  do 
nothing.  There  must  be  a  power  house  with  steam  or 
water-driven  generators,  transformers,  transmission 
line,  sub-stations  and  trolley  or  third  rail  all  between  the 
fuel  and  the  locomotiv?. 

The  Central  Station — -A  few  years  ago  every  large 
user  of  power  had  to  build  a  power  house  and  every- 
thing from  power  house  to  locomotive,  and  every 
railway  required  a  full  corps  of  engineers  capable  of 
handling  anything  from  the  boiler  plant  to  the  trans- 
mission line  and  sub-stations.  Now,  however,  a  great 
change  has  taken  place.  Huge  central  stations  are  grow- 
ing up  in  some  places  with  great  water  powers,  as  at 
Niagara  Falls  and  in  the  western  mountains,  with  steam 
turbines  driving  generators  of  enormous  capacities.  The 
economies  introduced  by  these  large  stations,  due  to 
high  efficiencies  and  improved  load  factors,  are  so  great 
that  the  small  power  stations  are  rapidly  becoming  a 
thing  of  the  past,  since  power  can  be  sold  to  the  con- 


sumers at  a  price  so  low  that  they  cannot  afford  to  oper- 
ate their  power  plants  even  when  they  are  already  in- 
stalled. In  this  way  the  consumer  is  relieved  of  all 
responsibility  for  power  houses  and  transmission  lines. 
In  many  cases  the  sub-stations  are  also  supplied  by  the 
power  company.  This  relieves  the  railways  of  a  great 
financial  burden  due  to  the  first  cost  of  the  power  sys- 
tem, and  it  also  usually  gives  them  power  for  less  than 
they  could  generate  it  themselves.  It  is  confidently  ex- 
pected that  as  the  central  stations  extend  their  radius  of 
operation  it  will  be  a  great  stimulus  to  electrification, 
since  the  first  cost  of  the  installation  has  been  the  chief 
drawback. 

Systems  of  Electrification — There  have  actually  been 
three  systems,  although  in  America  only  two  have 
really  been  active.  They  are  i — direct  current ;  2 — single- 
phase  alternating  current ;  3 — three-phase  alternating 
current. 

Three-Phase  power  is  used  in  only  one  small  in- 
stallation in  America,  and  in  one  or  two  in  Switzerland ; 
but  is  used  quite  extensively  in  Italy,  where  it  has  been 
adopted  by  the  Italian  State  Railways  as  their  standard. 
Its  characteristic  features  are  that  it  requires  two  over- 
head trolley  wires  and  uses  constant-speed  induction 
motors  for  driving  locomotives.  The  locomotives  usu- 
ally have  two  constant  speeds,  secured  either  by  double 
windings  on  the  motors  or  by  connecting  the  motors  in 
cascade  for  half  speed  and  in  parallel  for  full  speed. 
The  Italian  locomotives  operate  with  3000  volts  on  the 
trolley  and  apply  this  voltage  directly  to  the  motors,  so 
that  no  locomotive  transformers  are  necessary.  The 
locomotive  is,  therefore,  comparatively  simple  and  has 
a  minimum  weight  and  maximum  efficiency.  This  type 
of  locomotive  also  has  the  characteristic  of  maintaining 
constant  speed  regardless  of  whether  it  is  going  uphill 
or  down,  there  being  only  the  difference  that  in  going 
uphill  it  takes  power  from  the  line,  while  in  descending 
a  hill  it  automatically  returns  power.  The  chief  reason 
that  has  prevented  the  use  of  three-phase  locomotives  in 
this  country  lies  in  the  double  overhead  trolley  system. 
American  railway  men  will  not  consider  the  double 
trolley  on  account  of  the  complicated  construction  in 
yards  and  cross-overs.  It  would  be  impossible  also  to 
gain  the  advantage  of  simplicity  in  this  country  which 
the  Italian  locomotives  possess,  because  the  service  is  so 
much  heavier  that  higher  voltages  must  be  used  and, 
consequently,  it  would  be  necessary  to  have  trans- 
formers on  the  locomotives. 

Direct  Current — The  direct-current  system  is  the 
one  that  is  universally  used  for  street  railways,  as  well 
as  all  elevated  and  underground  railways  in  large  cities 
and  for  most  of  the  interurban  railways.  The  most 
common  potential  used  is  550  to  650  volts,  which  is  used 
for  all  classes  of  work  in  cities.  For  heavy  work  it 
is  used  exclusively  with  the  third  rail. 

For  many  years  650  volts  was  about  the  maximum 
used  on  direct-current  railways,  because  the  design  and 
construction  of  motors  and  control  apparatus  had  not 
progressed  far  enough  to  make  higher  voltages  possible. 
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In  the  last  ten  years,  however,  the  design  of  direct- 
current  motors  has  been  greatly  improved.  Commu- 
tation has  been  eliminated  from  the  troublesome  prob- 
lems of  design  by  the  use  of  the  commutating  pole  and 
the  insulation  has  been  improved  so  that  it  is  no 
longer  the  limit  to  the  voltage ;  consequently,  the  trolley 
voltage  has  been  pushed  up  by  successive  steps  to 
1200,  1500,  2400,  3000,  and  now  even  5000  volts  is 
in  use  in  regular  service  on  one  section  of  the  Michi- 
gan United  Traction  Railway.  With  these  higher  volt- 
ages it  is  customary  to  use  the  overhead  trolley,  but 
there  are  a  few  cases  where  1200  volt  current  is  used 
on  the  third  rail,  and  one  case  where  even  2400  volts 
is  so  used. 

By  using  3000  to  5000  volts,  the  current  becomes  so 
small  that  the  current  taken  by  heavy  locomotives  can 
easily  be  collected  from  an  overhead  wire  and  the  loss 
is  so  low  that  the  sub-stations  can  be  placed  25  to  50 
miles  apart.  Thus  the  cost  of  conductors  and  sub- 
stations becomes  of  relatively  small  importance  and  elec- 
trification with  direct  current  becomes  economically  pos- 
sible for  many  long  lines.  One  3000  volt  installation  has 
been  made  on  the  Chicago,  Milwaukee  &  St.  Paul  Rail- 
way. While  heavy  trains  can  be  operated  at  this  voltage, 
a  higher  voltage  is  preferable  if  it  can  be  secured  with 
safety.  Experience  in  the  operation  of  5000  volt  equip- 
ment indicates  that  this  voltage  may  be  quite  satisfactory 
for  both  multiple-unit  cars  and  locomotives,  as  a  car  has 
been  operated  by  the  Michigan  United  Traction  Com- 
pany over  14  000*  miles  at  this  voltage  without  a  break- 
down in  the  insulation  or  any  other  troubles  due  to  the 
high  voltage. 

The  advantage  of  the  direct-current  system  for  rail- 
way work  lies  largely  in  the  characteristics  of  the  series 
motor  which  is  universally  used.  Mechanically,  it  is 
simple,  rugged  and  comparatively  inexpensive.  Elec- 
trically, it  has  speed  and  tractive  effort  characteristics 
that  are  especially  well  suited  to  the  work  of  rapidly 
accelerating  heavy  trains  with  minimum  power  con- 
sumption, as  well  as  of  operating  them  at  full  speed 
afterwards.  The  steep  speed  characteristics  give  an 
automatic  division  of  load  among  all  the  motors  in  a 
train  even  with  the  maximum  variations  in  wheel  diam- 
eter. The  efficiency  of  the  motor  is  high,  and  its  reli- 
ability and  "fool-proof"  characteristics  make  it  the  most 
popular  of  all  types  of  railway  motors. 

The  series  motor  is  not  well  adapted  in  itself  for 
regenerating  energy  in  descending  grades  or  in  stopping 
trains,  so  that  this  has  for  many  years  remained  almost 
an  undisputed  advantage  of  the  three-phase  induction 
motor  system.  Recently,  however,  a  method  has  been 
perfected  by  which  all  the  advantages  of  the  series 
motor  are  maintained  and  regeneration  is  also  secured, 
so  that  now  the  direct-current  series  motor  may  be  used 
for  automatically  regenerating  the  stored  energy  of  a 
train  in  stopping  or  in  descending  grades. 


*At  the  time  of  going  to  press,  Feb.  12,  this  mileage  has 
been  increased  to  approximately  21  000  on  5000  volts,  with  a 
total  mileage  of  equipment  of  about  26000. 


Direct-Current  Power  Supply — It  is  now  almost  uni- 
versal practice  to  generate  power  in  the  form  of  alter- 
nating current  on  account  of  the  flexibility  in  rais- 
ing and  lowering  the  voltage.  Three-phase  alternating 
current  is  delivered  to  the  sub-stations  for  a  direct- 
current  railway,  and  is  there  changed  to  direct  current 
by  means  of  motor-generator  sets  or  rotary  converters. 
The  former  are  usually  used  for  high-voltage  lines 
where  high  frequency  alternating  current  is  supplied. 
The  latter  are  used  more  often  where  low  voltage  and 
low  frequency  currents  are  employed.  The  sub-station 
with  this  moving  machinery  has  been  one  of  the 
great  objections  to  the  direct-current  system  in  the 
past,  and  is  one  of  the  points  that  is  to  be  overcome  by 
the  use  of  higher  voltages  on  the  trolley,  which  per- 
mits a  greater  distance  between  sub-stations  and,  conse- 
quently, gives  a  better  load  factor  and  requires  fewer 
attendants. 

Single-Phase  System — The  present  single-phase  sys- 
tem was  first  proposed  in  a  paper  before  the  American 
Institute  of  Electrical  Engineers  at  New  York  in  Sep- 
tember, 1902,  in  which  was  outlined  a  plan  for  using  a 
high-voltage,  single-phase  current  on  an  overhead  trolley 
wire,  transformer  sub-stations  without  attendants,  a 
transformer  on  each  car  or  locomotive  with  which  to 
lower  the  voltage  to  that  required  for  use  with  a  com- 
pensated series  alternating-current  motor.  Immediately 
afterwards  electrical  manufacturers  in  Europe  and 
America  started  to  develop  single-phase  commutator 
type  motors,  and  soon  a  considerable  variety  of  them 
was  placed  on  the  market.  The  advantage  of  the  single- 
phase  system  centers  in  the  high  voltage  which  can  be 
used  on  the  trolley,  while  at  the  same  time  using  ordi- 
nary voltages  on  the  motor  and  control  equipment  in 
the  car  or  locomotive.  The  high-voltage  alternating  cur- 
rent reduces  the  cost  of  the  overhead  conductor  and 
feeder  system  to  a  minimum  and  enables  the  railway  to 
use  sub-stations  without  attendants. 

Examples — The  most  notable  examples  of  the  single- 
phase  electrification  are  the  New  York,  New  Haven  & 
Hartford  Railroad,  the  New  York,  Westchester  & 
Boston,  the  Hoosac  Tunnel,  St.  Clair  Tunnel,  Spokane 
&  Inland  Railway,  the  Philadelphia-Paoli  electrification 
of  the  Pennsylvania  Railroad  and  the  Norfolk  &  West- 
ern Railway  on  its  Elkhorn  Grade  Division.  All  the 
railways  in  this  country  that  have  adopted  this  system 
in  the  last  eight  years  have  used  power  at  1 1  000 
volts  on  the  trolley,  25  cycles.  It  is  possible  that  still 
higher  voltages  may  be  used,  in  which  event  the  line 
losses  would  be  further  decreased. 

European  Standards — The  single-phase  system  with 
12000  to  16000  volts  and  15  to  16.6  cycles  has  been 
adopted  quite  extensively  in  Europe,  especially  in  Ger- 
many and  Switzerland,  where  it  has  been  tentatively 
adopted  as  standard. 

Types  of  Single-Phase  Locomotives — The  commu- 
tator type  motor  has  been  used  on  all  installations  of 
single-phase  equipments  with  the  exception  of  the  Nor- 
folk &  Western,  which  has  adopted  the  split-phase  loco- 
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variations  of  these  schemes  are  found  in  gearing  motors 
to  hollow  shafts  surrounding  the  driving  axle,  which  are 
connected  thereto  by  long  flexible  springs,  as  on  the  New 
Haven  freight  locomotives;  also  the  combination  of 
gears  and  side  rods,  such  as  on  the  Norfolk  &  Western 
locomotives.  These  both  have  the  advantage  of  carry- 
ing all  motor  weight  above  the  springs,  so  that  the  dead 
weight  carried  by  the  drive  wheels  is  reduced  to  a  mini- 
mum. Other  variations  are  found  in  Europe,  where  the 
so-called  "Scotch  yoke"  is  used  on  the  three-phase  loco- 
motives of  the  Italian  State  Railways,  and  various  forms 
of  parallel  rods  are  used  for  connecting  motors  to  drive 
wheels  in  Switzerland  and  Germany. 

When  the  electric  locomotives  were  first  proposed  it 
was  the  general  idea  that  it  would  be  extremely  simple 
to  connect  the  driving  wheels  with  the  motors.  It  was 
also  thought  that  the  low  center  of  gravity  of  the  electric 
locomotive  would  make  it  ride  very  much  better  and 
safer  on  the  track  at  high  speeds.  It  is  now  recognized 
that  the  high  center  of  gravity  of  the  steam  locomotive 
is  one  of  its  virtues  which  should  be  utilized  as  far  as 
possible  in  the  design  of  electric  locomotives ;  also  that 
the  connection  between  the  motor  and  the  drive  wheels 
is  one  of  the  most  vexatious  problems  of  the  locomotive. 
However,  it  is  quite  possible  at  this  time  to  undertake 
the  electrification  of  a  large  system,  to  analyze  the  work 
to  be  done,  to  design  the  locomotives  and  other  equip- 
ment necessary  and  to  foretell  the  performance  and  the 
costs  not  only  of  the  installation,  but  of  the  operation, 
with  a  degree  of  accuracy  that  is  unexcelled  in  any  other 
line  of  engineering  work.  There  are  experts  for  every 
branch  of  the  work  from  power  house  to  locomotive  and, 
with  the  efforts  of  these  men  properly  co-ordinated, 
remarkably  successful  results  can  be  assured. 


motive,  which  takes  single-phase  current  and,  by  means 
of  a  phase  converter  (which  is  a  single-phase  induction 
motor  of  half  the  total  capacity  of  the  main  motors  on 
the  locomotive),  is  able  to  supply  three-phase  power 
for  the  main  motors,  so  that  the  latter  are  simply  stand- 
ard three-phase  induction  motors  with  all  of  the  char- 
acteristics pertaining  to  that  type  of  motor.  The  Nor- 
folk &  Western  locomotive  has  two  speeds,  14  and  28 
miles  per  hour.  It  automatically  regenerates  power  in 
descending  grades. 

The  single-phase  system  thus  permits  the  use  of  loco- 
motives with  either  series  characteristics  or  with  the 
induction  motor  characteristics. 

Mechanical  Design  of  Locomotive  Transmission — 
One  of  the  greatest  problems  connected  with  the  electric 
locomotive  is  purely  mechanical.  It  is  the  problem  of 
the  transmission  system  between  the  motors  and  the 
driving  wheels.  Ordinary  spur  gearing  is  quite  satisfac- 
tory for  street  cars  or  even  multiple-unit  cars.  It  is 
also  used  on  large  locomotives,  but  it  has  the  disadvan- 
tage of  placing  a  heavy,  non-spring  supported  weight 
directly  on  the  driving  axles  which,  especially  if  used 
for  high-speed  work,  causes  a  rapid  deterioration  of  the 
roadbed.  Many  schemes  have  been  proposed  and  used 
for  avoiding  these  difficulties.  For  high-speed  locomo- 
tives the  motors  are  often  operated  at  the  same  speed 
as  the  driving  axles.  This  can  be  done  either  by  mount- 
ing the  motor  armature  on  the  axle,  as  on  the  New  York 
Central  locomotives ;  or  moimting  the  entire  motor  on  a 
hollow  shaft  surrounding  the  axle,  as  on  the  New  Haven 
passenger  locomotives ;  or  by  mounting  the  motor  in  the 
cab  and  connecting  it  to  the  drive  wheels  through  a  sys- 
tem of  parallel  rods  and  a  jack  shaft,  as  on  the  Penn- 
sylvania locomotives  at  their  New  York  terminal.   Other 


Electric  Locomotives  for  Spotting  Service 

ON    THE   NIAGARA   JUNCTION    RAILWAY 

R.   K.  CULBERTSON 


ELECTRIC  locomotives  are  daily  demonstrating 
their  ability  to  handle  steam  railroad  rolling  stock 
successfully  in  service  around  industrial  plants. 
This  service  requires  much  "spotting"  and  general  shift- 
ing of  cars,  as  well  as  hauling  them  from  the  steam  rail- 
road interchange  points  to  the  manufacturing  plants,  and 
vice  versa.  As  railroads  are  compelled  to  charge  for  all 
service  other  than  dropping  cars  at  a  plant,  it  will  un- 
doubtedly prove  economical  for  industrial  plants  to  pur- 
chase their  own  locomotives,  or  in  some  cases,  where  the 
industrial  plants  are  close  together,  the  problem  may  be 
solved  by  the  formation  of  a  corporation  for  the  purpose 
of  giving  this  service.  Where  electric  power  is  avail- 
able, the  electric  switching  locomotive  is  the  best  and 
most  economical  means  of  meeting  this  condition. 

The  Niagara  Junction  Railway  electrification,  at 
Niagara  Falls,  New  York,  which  is  the  most  extensive 
of  its  kind  in  America,  may  be  used  in  illustration.  The 
main  track  of  this  road  is  about  four  miles  in  length. 


while  the  total  length  of  sidings  is  approximately  eleven 
miles.  The  function  of  the  road  is  to  act  as  an  inter- 
change or  connection  between  steam  railroads  and  a 
group  of  about  twenty-five  large  industrial  plants  lo- 
cated along  its  right  of  way.  In  addition  to  this  service 
the  railway  is  called  upon  to  make  many  local  move- 
ments at  the  various  plants,  such  as  placing  empty  cars 
at  specified  points  for  loading,  weighing,  etc. 

Lender  steam  operation,  which  was  used  for  ap- 
proximately twenty  years  prior  to  the  electrification  of 
the  road,  two  locomotives  handled  the  work.  One  of 
these  locomotives  was  of  the  four-coupled  switcher  type, 
weighing  78  400  lbs. ;  the  other  was  of  the  six-coupled 
switcher  type,  weighing  98  100  lbs.  The  number  of  cars 
handled  by  these  locomotives  was  about  the  same  as 
handled  by  the  electric  locomotives,  viz..  t20O  to  2000 
per  month. 

LTnder  the  present  system  the  operations  of  the  road 
begin   at   seven  o'clock   each   morning   except   Sundays 
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and  legal  holidays.  The  two  locomotives,  each  having  a 
crew  of  three  men — an  engineer,  a  conductor  and  a 
brakeman  or  switchman,  are  started  out  from  the  engine 
house  and  proceed  to  the  yardmaster's  office,  approxi- 
mately a  mile  distant,  where  orders  are  received,  such 
as  finishing  work  left  uncompleted  the  night  before  and 
placing  empties  at  industrial  plants.     This  work  done, 


tional  charges  are  made  on  a  "per  car"  basis  for  each 
local  movement,  inckiding  "spotting"  and  for  each  car 
weighed. 

A  substation  located  in  one  of  the  power  houses  of 
the  Niagara  Falls  Power  Company  supplies  power  to 
the  railway.  The  equipment  of  this  substation  consists 
of  one  750  kvv,  6  phase,  25  cycle.  600  volt  commutating- 


I'll--.    I — LOCOMOTIVE   TAKING    TRAIN    OVER    Till-:    MAXI.MUM    GRADE   ON    THE    NIAGARA    JUNCTION    R.MI.WAY 

This  grade  is  about  3200  feet  lone;,  is  approximately  one  percent  and  is  practically  all  on  a  curve. 


one  locomotive  is  then  run  to  the  New  York  Central 
Railroad  interchange,  the  other  to  the  Erie  Railroad 
interchange,  to  secure  loaded  cars  for  the  plants  along 
the  line.  After  these  train  movements  have  been  com- 
pleted, the  locomotives  return  to  the  various  plants, 
there  to  be  used  for  switching,  "spotting,"  etc.  All  of 
these  movements  come  under  the  supervision  of  the 
yardmaster,  who  is  advised  from  the  railway  offices  as 
to  the  numbers  of  the  cars  at  various  locations  to  be  han- 
dled. He  also  receives  advice  direct  from  the  traffic 
departments  of  the  various  industrial  plants  on  the  rail- 
way when  cars  are  to  be'  placed  for  loading  or  unload- 
ing, spotted  or  weighed.     At  about  three  o'clock  in  the 
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FIG.    2 — TRAFFIC    LOAD    CURVES 

(a)  Heavy  traffic  fluctuations,     (b)  Average  traffic  fluctuations. 

afternoon  the  locomotives  make  another  trip  to  the  inter- 
change points  for  loaded  cars. 

One  of  the  very  interesting  features  in  the  operation 
of  the  road  is  that  cars  are  not  weighed  by  the  railways 
for  the  purpose  of  determining  the  charge  for  handling 
the  cars  on  a  ton-mile  basis.  The  railroad  companies 
pay  the  Niagara  Junction  Railway  on  a  "per  car"  basis 
for  delivering  the  cars  to  the  various  industrial  plants. 
This  same  basis  applies  in  the  case  of  the  industrial 
plants  delivering  loaded  cars  to  the  railroads.     Addi- 


pole  rotary  converter  having  a  300  percent  maximum 
overload  capacity ;  two  400  k.v.a.,  single-phase,  22  000 
volt  transformers,  and  control  switch.  The  load  on  this 
substation  is  variable,  as  indicated  i)y  the  load  curves, 
Fig.  2  (a)  and  (b),  which  show  the  fluctuations  due  to 
the  inherent  characteristics  of  switcher  locomotive  ser- 
vice for  heavy  and  average  traffic,  respectively. 

With  the  exception  of  about  a  mile  and  a  half,  the 
overhead  construction  is  of  the  catenary  trolley  type, 
which    is    especially    well    adapted    for    service    where 


FIG.   3 — SECTION   OF   THE    MAIN    LINE   AND   A   TURNOFK   INTO   AN 
INDUSTRIAL    YARD 

switching  operations  predominate.  The  mile  and  a  half 
mentioned  is  on  a  siding  where  direct  bracket  type  sus- 
pension is  employed.  The  turn-off  into  an  industrial 
yard,  shown  in  Fig.  3,  gives  an  idea  of  the  type  of  con- 
struction used,  and  shows  the  deflectors  installed  to  pre- 
vent the  pantograph  from  catching.  The  height  of  the 
0000  trolley   wire  is   twenty-two   feet   in   most   places. 


126 


THE    ELECTRIC   JOURNAL 


Where  entering  loading  sheds  is  only  about  nine  inches 
higher  than  the  pantograph  at  its  lowest  position.  The 
average  spacing  of  the  hangers  on  the  catenary  construc- 
tion is  fifteen  feet.  On  sidings  where  direct  suspension  is 
used,  specially  designed  flexible  hangers  are  used.  These 
may  be  seen  in  Fig.  3.    Another  very  interesting  feature 


FIG.  4 — TWO  60  TON  B.\LDWIN-\Vi;STINGHOUSE  LOLUMOTIVUS 

Ready  to  leave  the  yardmaster's  office  after  receiving  orders 
for  the  day. 

of  the  overhead  construction  is  the  special  insulated 
cross-over  installed  at  the  intersection  of  the  Niagara 
Junction  Railway  and  the  International  Railway,  which 
is  the  local  street  railway  at  Niagara  Falls.  Lightning 
arresters  are  placed  along  the  distribution  system  wher- 
ever the  line  goes  underground.  A  350  000  circ.mil 
cable  supported  on  the  poles  along  the  track  forms  the 
return  circuit.  This  cable  is  connected  electrically  to 
the  rails  at  intervals  of  about  seven  hundred  feet. 

The  locomotives  are  of  the  standard  gauge,  double- 
truck  type,  designed  for  freight  and  switching  service. 
They  were  built  for  double-end  operation,  having  a  cen- 
trally located  steel  cab,  with  a  sloping  hood  at  each  end. 
The  general  characteristic  features  of  these  locomotives 
are : — 

Weights 

Mechanical  parts  83000  lb. 

Motor  equipment  26940  lb. 

Control   equipment 5  468  lb. 

Air  brake  equipment 4060  lb. 

Forced  ventilation  equipment 532  lb. 

Total 120000  lb.  or  60  tons 

Weight  on  drivers 120000  lb. 

Weight  per  driving  axle 30000  lb. 

Dimensions 

Total  length  between  coupler  knuckles 35  ft.  2]/^  in 

Rigid  wheel  base 7  ft.      4  in. 

Total  wheel  base 25  ft. 

Diameter  of  outside  driving  wheels 36  in. 

Diameter  of  inside  driving  wheels 31  in. 

Performance 

No.  of  Cars,  Each  Max.  Speed, 

Track  Profile.                            Weighing  45  Tons  Miles 

With  Load.  per  Hour. 

Straight  level  SO  10.50 

yi  percent  grade 24  9.75 

1  percent  grade 14  9.75 

2  percent  grade 8  9.75 

The  maximum  tractive  eflort  with  clean  dry  rail  is  30  000  lb. 

The  electrical  equipment  consists  of  four  Westing- 
house  commutating-pole,  field  control,  direct-current, 
600  volt  motors,  with  double-end  unit  switch  control. 
Both    the    motors    and    control    are    particularly    well 


adapted  to  meet  the  severe  conditions  incident  to  switch- 
ing locomotive  service.  Current  is  collected  from  the 
trolley  wire  by  means  of  a  double-shoe  pantograph. 
Extra  long  and  drooping  horns  are  used  on  both  locomo- 
tives as  a  means  of  preventing  damage  which  might 
otherwise  be  done  to  the  overhead  construction  at  turn- 
outs. These  pantographs  have  proven  conclusively  their 
ability  to  collect  large  amounts  of  current  with  very 
slight  wear  on  the  contact  surfaces. 

As  the  locomotives  are  in  constant  service  every  day 
it  is  necessary,  in  order  to  insure  continuity  of  service, 
that  they  be  inspected  at  regular  intervals.  This  is  done 
every  other  day  in  the  engine  house,  shown  in  Fig.  5. 
These  inspections,  which  are  principally  on  the  mechan- 
ical parts,  with  special  reference  to  the  brakes  and  brake 
rigging,  require  usually  about  one  hour.  Once  each 
month  each  locomotive  is  given  a  thorough  inspection, 
which  consists,  in  general,  of  the  following: — 

I — All  parts  of  the  locomotive  are  freed  from  dust  by 
means  of  compressed  air. 

2 — Commutators  and  brushes  are  inspected  and  the  motor 
air-gap  checked  up. 

3 — Oil  in  motor  hearings  is  measured  and  more  oil  added 
if  needed. 

4 — Compressor  and  blower  motors  are  carefully  inspected 
and  oiled  where  necessary. 

5 — The  control  apparatus  is  gone  over,  replacing  arc  boxes 
when  necessary.  The  reversers  and  change-over  switches  are 
taken  apart,  cleaned  and  lubricated.  Contacts,  both  main  and 
interlock,  are  cleaned  and  then  greased  sliglitly  with  vaseline. 
The  sequence  of  the  switches  is  then  checked. 

6 — Grid  resistors  are  examined  for  loose  connections. 

7 — The  blower  motors  are  tried  out  to  see  that  proper  di- 
rection of  air  circulation  is  given. 

In  changing  over  the  Niagara  Junction  Railway  to 
electric  operation  it  has  been  found  that  there  has  not 
only  been  a  saving  in  the  cost  of  operation  and  main- 
tenance, but  also  the  superiority  of  the  electric  locomo- 
tives has  been  evidenced  by  greater  flexibility  and  ef- 
ficiency in  the  handling  of  the  cars.    With  electric  loco- 


FIG.  5 — LOCOMOTIVK   l.NSriA  Tl(l.\    HiiUSi: 

motives  it  is  possible  to  start  and  stop  much  more 
quickly  than  with  steam  operation.  Much  time  is  also 
saved  in  moving  cars  but  a  few  feet  or  even  inches,  as  is 
often  required  in  "spotting"  service.  The  "handwriting 
on  the  wall"  indicates  that  the  electric  locomotive  will  be 
the  correct  solution  of  many  problems,  of  the  type  of 
those  described  above  which  faced  the  management  of 
the  Niagara  Junction  Railway. 


An  Outsider's  Impressions  of  the  Norfolk  & 
Western  Electrification 


T.    C.    WURTS 


ONE  evening  last  Fall  the  "spectator"  boarded 
N.  &  W.  train  No.  4  bound  for  Norfolk,  Va. 
In  his  younger  days  he  had  been  a  pioneer  in  the 
steam  railroad  business,  but  of  late  had  given  up  busi- 
ness cares  and  spent  his  time  traveling,  looking  for  any- 
thing that  was  new  and  interesting.  Having  located  his 
berth,  he  adjourned  to  the  smoking  compartment  and 
soon  became  engaged  in  conversation  with  fellow  trav- 
elers. Finally  one  of  the  travelers,  evidently  connected 
with  the  railroad,  asked  whether  any  of  those  present  had 
been  over  the  road  since  the  mountain  section  had  been 
electrified.  The  spectator  said  that  he  had  read  of  the 
electrification ;  had  heard  that  the  locomotives  were  in 
successful  operation  and  hoped  some  day  to  stop  off 
and  see  them  actually  in  service.  He  was  thereupon 
invited  to  stop  over  and  inspect  this  installation,  which 
the  railroad  man  assured  him  was  epoch-making. 

The  next  morning,  therefore,  the  spectator  arose  for 
an  early  breakfast  before  alighting  at  Bluestone  for  an 
inspection  of  the  power  house.  While  he  was  sitting  in 
the  diner  the  train  came  to  a  stop  and  then  started  of? 
again.  A  gentleman  sitting  opposite  remarked  that  they 
must  have  changed  engineers,  as  he  had  been  awakened 
every  time  a  start  was  made  all  night,  due  to  the  jerking 
of  the  train,  but  that  this  start  had  been  made  so 
smoothly  that  he  did  not  know  when  the  train  began 
moving;  also  the  train  increased  in  speed  with  unusual 
rapidity.  Soon  they  again  came  to  a  stop,  and  again  the 
start  was  made  without  a  bump  or  a  jerk,  the  train  seem- 
ing to  glide  smoothly  away.  In  a  few  moments,  however, 
as  they  speed  around  a  curve,  the  spectator  was  able  to 
see  the  reason  for  this  agreeable  change  in  the  manner  of 
handling  the  train ;  they  had  entered  the  electrified  zone, 
and  an  electric  locomotive  had  been  attached  just  ahead 
of  the  steam  engine.  He,  therefore,  asked  the  dining- 
car  conductor  whether  this  were  a  regular  thing. 

"Yes,"  was  the  reply.  "We  are  getting  to  the  worst 
part  of  the  grade  now,  and  since  the  electric  service  was 
started  an  electric  locomotive  pulls  us  up  the  grade.  The 
steam  engine  shuts  off,  and  the  electric  engine  hauls 
steam  engine,  train  and  all.  The  electric  only  stays  with 
us  about  15  or  16  miles,  but  I  have  seen  them  couple  up 
when  we  were  20  minutes  late,  and  when  they  left  us 
at  the  end  of  the  run  we  were  on  time." 

The  spectator  was  presently  handed  a  note  from  the 
railroad  man  regretting  that  he  had  been  compelled  to 
leave  the  train  unexpectedly  and  enclosing  a  note  for 
the  electrical  superintendent  who,  the  spectator  was  as- 
sured, would  see  that  he  was  shown  through  the  power 


house  and  might  be  given  a  ride  on  one  of  the  electric 
locomotives.  This  was  much  to  his  liking,  as  he  had 
found  that  the  best  way  to  determine  the  true  value  of 
an  installation  was  to  inspect  it  when  not  in  the  com- 
pany of  some  over-enthusiastic  attendant  who  might 
give  him  a  prejudiced  viewpoint. 

Arriving  at  the  power  house,  the  spectator  presented 
his  letter.  During  his  inspection  of  the  power  house 
he  had  a  chat  with  the  load  dispatcher,  and  found  that 
the  power  house  had  already  experienced  short  peaks  as 
high  as  21  000  kw,  and  that  loads  of  15  000  and  18000 
kw  for  periods  of  10  and  15  minutes,  were  not  uncom- 
mon. From  observation,  the  load  dispatcher  said  that 
about  7000  kw  was  delivered  to  a  single  locomotive 
while  starting  a  train.  The  load  factor  was  somewhat 
above  what  had  been  expected  when  they  started  oper- 
ations ;  they  were  then  hauling  a  record  tonnage  over  the 
road  and  for  that  reason  their  load  was  heavy,  but  at  no 
time  had  it  been  necessary  to  use  more  than  two  of  the 
generators,  and  they  always  had  one  in  reserve  in  case 
of  emergency. 

"We  thought  at  first,"  continued  the  load  dis- 
patcher, "that  regeneration  might  give  us  some  operating 
troubles." 

"Regeneration !"  inquired  the  spectator.  "What's 
that?" 

"You  see,"  replied  the  load  dispatcher,  "when  an 
electric  locomotive  is  going  down  hill  with  a  train  it 
holds  the  train  electrically.  The  motors  are  used  as 
generators  and  power  is  pumped  back  to  the  line." 

"Do  you  mean  to  tell  me  that  one  of  these  engines 
will  go  down  a  hill  with  a  train  and  not  use  any  air 
brakes  to  hold  it  back  ?" 

"Yes,  sir;  that's  right." 

"I  don't  see  how  it  can  be  done,  but  perhaps  I  shall 
learn  more  about  it  this  afternoon.  Well,  did  you  have 
any  trouble  with  this  regeneration,  as  you  call  it?" 

"Absolutely  none.  You  see,  we  have  relays  that 
handle  this  situation.  The  fact  is,  I  have  been  con- 
nected with  the  operation  of  power  houses  furnishing 
railroad  load  for  the  past  ten  years,  and  this  one  is 
easier  to  operate  than  any  I  have  been  connected  with." 

"Is  there  any  reason  why  this  plant  should  be  easier 
to  operate  than  any  other  ?"  asked  the  spectator. 

"Yes,"  was  the  reply.  "I  believe  the  fact  that  the 
entire  plant,  locomotives  and  all  were  furnished  by  one 
company  has  had  a  great  deal  to  do  with  it.  In  design- 
ing the  apparatus,  each  part  was  laid  out  to  meet  the 
requirements  of  every  other  part.     The  result  is,  we 
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have  a  composite  system  instead  of  a  hetrogeneous  col- 
lection of  different  systems,  such  as  might  have  been  the 
case  had  the  apparatus  of  numerous  makes  been  pur- 
chased, which  is  so  often  the  case." 

Having  completed  his  inspection  of  the  power  house, 
the  spectator  next  visited  the  locomotive  inspection  shed. 
There  he  found  several  locomotives  standing  in  the 
yards,  and  one  inside  the  shed  over  the  pit  evidently 
being  inspected.  Having  nosed  around  independently 
for  a  time,  he  sought  out  the  foreman.  The  latter  was 
soon  located,  an  energetic  railroad  man  who  had  been 
brought  up  in  the  steam  school,  but  who  had  thrown  in 
his  lot  with  the  electrical  work  when  it  became  apparent 
that  this  was  the  motive  power  of  the  future. 

"What  are  these  idle  engines  in  the  yard  ?  Are  they 
out  of  commission,  or  is  business  simply  slack?"  were 
the  first  questions  put  by  the  spectator. 

"No,  indeed,"  replied  the  foreman.  "You  see,  the 
railroad  company  bought  twelve  engines  to  take  the  place 
of  some  thirty  odd  Mallet  steam  locomotives,  but  the 
work  of  these  electrics  so  far  exceeded  our  expectation 
that  it  is  very  seldom  that  more  than  seven  are  ever  re- 
quired, and  we  have  never  been  called  on  for  more  than 
eight.  No,  these  engines  are  not  lying  idle  because  busi- 
ness is  slack ;  on  the  contrary,  we  are  getting  more  and 
more  business  each  month." 

"I  take  it,"  said  the  spectator,  "that  this  is  a  sort  of 
electric  roundhouse,  and  that  the  electric  locomotives 
return  here  at  the  end  of  each  day's  run." 

"Correct,"  rejoined  the  foreman ;  "but  you  see  we're 
not  as  busy  as  they  are  at  a  steam  roundhouse,  because 
when  we  send  an  engine  on  the  road  we  don't  see  it 
again  for  about  two  weeks." 

"Do  you  mean  to  tell  me  that  the  engines  run  con- 
tinuously for  two  weeks  without  being  touched  ?" 

"Well,  not  that,"  replied  the  foreman ;  "at  the  end  of 
each  rtm,  before  a  new  crew  is  called,  the  engine  is 
given  a  superficial  inspection,  which  takes  about  an  hour. 
Then  the  engine  is  sent  out  on  the  road  again  with  a 
fresh  crew.  You  see,  with  this  arrangement  it  is  only 
possible  to  work  the  locomotives  22  hours  a  day,  instead 
of  24,  as  we  might  if  it  were  not  for  giving  them  this 
inspection.  We  ought  not  to  complain,  however.  Every 
car  on  the  road  has  to  be  inspected  at  least  once  a  day, 
and  I  don't  think  we  should  begrudge  a  couple  of  hours 
a  day  to  each  locomotive.  Once  every  two  weeks  the 
engine  is  brought  here  for  a  day  and  we  give  it  a  thor- 
ough overhauling,  tightening  up  any  bolts  that  may  be 
loose,  and  doing  any  other  little  job  that  may  be  nec- 
essary." 

"Then,  as  far  as  your  end  of  the  job  is  concerned, 
the  electrification  has  been  a  success." 

"Indeed  it  has,"  was  the  enthusiastic  reply.  "We  have 
gotten  rid  of  the  maintenance  of  about  thirty  Mallets, 
and  are  doing  their  work  with  a  total  of  twelve  elec- 
trics, resulting  in  much  smaller  maintenance  charges." 

The  spectator  was  still  somewhat  skeptical  about  the 
success  of  the  whole  proposition.  This  talk  with  the 
shop  foreman  certainly  didn't  sound  as  though  the  elec- 


trification had  not  been  successful; — still  he  made  up 
his  mind  that  he  would  not  be  convinced  until  he  had 
been  out  on  the  road  and  had  actually  seen  the  engines 
in  operation. 

Just  at  this  moment  a  long  train  of  empties  drawn 
by  one  of  the  electric  locomotives  came  by  and  stopped 
outside  the  inspection  shed.  Grasping  this  opportunity, 
the  spectator  climbed  aboard  and  introduced  himself  to 
the  engineer  and  fireman,  presenting  his  pass.  By  this 
time,  the  signal  for  which  the  train  had  stopped  having 
cleared,  the  train  moved  on.  From  the  engineer  the 
spectator  now  learned  they  were  pulling  a  train  of 
ninety  empties,  which  they  were  going  to  deliver  to  dif- 
ferent operations  in  the  coal  fields.  He  looked  back 
along  the  train  to  see  whether  he  could  catch  sight  of  the 
caboose,  but  fovmd  that  he  could  not.  In  fact,  although 
he  looked  back  several  times  from  advantageous  points, 
it  was  not  until  nearly  the  entire  train  had  been  deliv- 
ered that  he  was  able  to  see  its  end. 

After  leaving  Bluestone  the  train  proceeded  up  a 
slight  grade,  and  at  the  end  of  about  a  mile  and  a  half 
they  approached  a  single-track  tunnel.  The  engineer 
told  him  that  the  eastern  portal  of  this  tunnel  marked 
the  beginning  of  the  long,  downhill  grade  to  the  coal 
fields.  He  suggested  that  the  spectator  stand  behind 
him  so  that  he  could  watch  the  meters  drop  ofT  almost  to 
zero  as  the  train  went  over  the  "knuckle,"  and  then  build 
uj)  again  as  more  and  more  of  the  train  threw  its  weight 
against  the  locomotive,  until  finally  the  entire  train  was 
being  held  back  by  the  braking  action  of  the  motors. 

"This  is  one  of  the  greatest  things  that  has  come 
with  electrification,"  voluntered  the  engineer.  "We  used 
to  drop  down  the  hill  here  with  our  air  brakes  in  the  old 
steam  days.  It  was  'nip  and  tuck'  for  our  compressors 
to  hold  up  the  air.  Getting  down  the  mountain  used  to 
consist  in  applying  the  brakes,  releasing  them  to  re- 
charge the  train  line,  and  then  applying  again.  Quite 
frequently  we  would  all  but  run  away  before  we  were 
down,  and  there  wasn't  a  man  of  us  that  didn't  breathe 
a  sigh  of  relief  every  time  he  got  his  train  to  the  bottom. 
Now  we  drop  down  by  regeneration,  and  always  have 
the  train  line  fully  charged  so  that  we  have  plenty  of  air 
to  make  a  quick  stop  at  any  time." 

The  train  proceeded  down  the  grade,  and  when  the 
coal  field  was  reached  several  stops  were  made  for  the 
purpose  of  delivering  empties  to  the  various  coal  opera- 
tions. Having  gotten  rid  of  all  the  empties,  the  locomo- 
tive proceeded  to  a  nearby  storage  yard,  and  there  found 
a  train  already  made  up  and  ready  to  leave. 

In  a  few  moments  a  signal  from  the  train  crew  indi- 
cated that  all  was  ready  for  the  start.  The  front  engine- 
man  acknowledged  this  signal  and,  signaling  to  the 
pusher  engine,  opened  up  on  his  locomotive.  It  was 
only  now  that  the  spectator  realized  for  the  first  time  the 
enormous  power  of  these  engines.  As  the  start  was 
made  the  front  engine  moved  ahead,  pulling  the  slack 
out  carefully  from  a  part  of  the  train.  Then  it  seemed 
to  hesitate  for  a  few  seconds,  but  as  the  rear  locomotive 
added  its  force  the  front  locomotive  seemed  almost  to 
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leap  away  in  comparison  to  steam  acceleration.  Almost 
before  the  spectator  knew  it  they  had  completed  the 
acceleration  and  were  moving  up  the  hill  at  constant 
speed.  The  spectator  looked  back  along  the  train  and 
saw  the  rear  locomotive  coming  up  with  apparently  no 
effort,  forty  car  lengths  to  the  rear. 

"What  is  your  load  ?"  he  asked  the  engineer. 

"Full  tonnage — 3250  tons,"  was  the  reply. 

"And  the  grade?" 

"Two  percent,"  replied  the  engineer. 

"You  didn't  get  a  train  away  on  this  grade  as  easily 
as  that  with  steam  engines,  did  you?"  inquired  the  spec- 
tator. 

"I  should  think  not,"  was  the  reply.  "I  have  been  on 
a  Mallet  on  the  head-end  of  a  train  with  two  others  on 
the  rear  pushing,  and  have  worked  for  half  an  hour  try- 
ing to  get  started.  When  we  did  get  started  three  of  us 
could  only  pidl  up  the  grade  at  about  seven  miles  per 
hour,  while  now  two  of  these  electrics  get  away  easily 
and  up  the  hill  at  fourteen  miles  an  hour. 

"So  then  you  think  these  engines  are  better  than  the 
old  Mallet?" 

"Two  to  one,"  was  tlie  emphatic  reply.  "These  en- 
gines are  easier  handled,  cleaner,  more  comfortable  and 
better  in  every  way.  It  used  to  take  us  about  twenty 
minutes  to  get  through  Elkhorn  Tunnel.  Often  by  the 
time  we  got  out  we  would  be  half  dead  from  the  gases. 
Now  it  takes  us  two  and  one-half  minutes,  and  there  is 
no  smoke.  I  could  make  three  round  trips  with  one  of 
these  engines,  and  not  be  nearly  as  tired  when  I  come 
in  as  I  used  to  be  after  a  single  trip  on  a  Mallet.  I  have 
been  running  a  steam  engine  for  over  twenty-five  years 
now,  and  I  am  through  with  them.  Only  the  other  day 
I  had  a  chance  to  get  a  passenger  run  and  turned  it 
down.  I  won't  take  one  of  those  runs  Until  they  put 
electrics  on  them." 


"Me,  too,"  chimed  in  the  fireman.  "As  long  as  I  can 
hold  one  of  these  runs  I  don't  want  anything  better — no 
more  firing,  no  more  watching  a  stoker,  no  more  dirt,  no 
more  stops  for  coal  and  water.  About  all  I  have  to  do 
now  is  to  go  around  and  see  that  my  oil  is  feeding  O.K. 
If  I  had  an  automatic  oiling  system  and  an  automatic 
bell  ringer  I  would  be  out  of  a  job." 

"We  will  appreciate  these  engines  more  when  the 
cold  weather  comes,"  added  the  engineer. 

"Yes,"  said  the  fireman ;  "sometimes  they  used  to  call 
us  out  around  two  and  three  in  the  morning,  and  then 
we  had  to  back  down  the  mountain  with  nothing  to 
break  the  wind  but  the  tender.  Many's  the  time  I  have 
wondered  whether  I  would  reach  the  bottom  before  I 
was  frozen  stiff.  Now  we  can  close  our  windows,  turn 
on  the  heaters,  and  have  all  the  comforts  of  home. 
When  we  were  backing  down,  the  engineer  was  on  the 
wrong  side  of  the  road  and  it  was  hard  to  see.  Now  we 
are  on  the  front  end  whichever  way  we  go,  and  don't 
have  to  go  on  a  turntable  to  be  turned  around.  We  are 
always  clear  out  in  front  where  we  can  see  all  that  is 
going  on.    No  more  steam  engines  for  me,  thank  you !" 

After  this  enthusiastic  outburst,  all  three  lapsed  into 
silence  and  nothing  was  heard  in  the  engineman's  cab 
but  the  hum  of  the  motors.  The  spectator  reflected  on 
the  way  in  which  this  train  was  steadily  climbing  up 
this  heavy  grade  with  apparently  no  effort.  Never  in  all 
his  varied  experience  had  he  seen  anything  so  impres- 
sive. He  had  heard  of  the  millions  that  were  being  spent 
by  this  railroad  company  on  the  installation,  had  rather 
casually  followed  the  scheme  in  the  technical  journals, 
but  had  never  been  able  to  see  why  it  was  that  all  this 
money  was  being  spent — what  justified  this  huge  ex- 
penditure. Now  he  saw — this  expenditure  was  not  only 
justified,  but  the  electrification  was  one  of  the  triumphs 
of  modern  engineerinsf. 


Locomotive  Weights 


F.  E.  WvxxK 


THERE  are  two  general  types  of  electric  locomo- 
tives ;  one  with  all  of  the  locomotive  weight  on 
the  drivers,  the  other  with  a  portion  of  the  weight 
carried  on  pony  or  bogie  trucks.  Switching  and  light 
freight  traffic  are  handled  satisfactorily  by  electric  loco- 
motives with  driving  axles  only,  as  is  also  some  passen- 
ger service  at  moderate  speeds  and  heavy  freight  at  low 
speeds.  In  high-speed  passenger  and  heavier  moderate- 
speed  freight  service,  idle  trucks  are  more  necessary. 

Switching  and  freight  services  require  a  locomotive 
capable  of  working  near  the  slipping  point  of  the  wheels 
without  exceeding  the  overload  capacity  of  the  electrical 
equipment.  In  passenger  service,  high  speed  is  de- 
manded more  frequently  than  great  tractive  power,  and 
locomotives  entirely  adequate  for  a  particular  passenger 
run  may  be  incapable  of  slipping  the  wheels  at  every 
start. 


High-powered  locomotives  are  inherently  heavier 
than  those  developing  less  power  at  the  same  speed. 
Also  within  reasonable  limits,  locomotives  of  the  same 
type  with  equal  weights  will  develop  power  in  propor- 
tion to  their  rated  speeds.  For  example : — A  locomotive 
to  develop  500  horse-power  at  18  miles  per  hour  may  be 
l)uilt  to  weigh  35  tons,  while  one  to  give  1000  horse- 
power at  the  same  speed  will  weigh  approximately  44 
tons.  However,  a  locomotive  to  produce  500  horse- 
power at  nine  miles  per  hour  will  also  weigh  44  tons. 

The  minimum  weight  of  locomotive  for  a  given  ser- 
vice may  be  determined  from  the  weight  of  trailing  load, 
average  car  weight,  speed,  grades  and  curves,  together 
with  probable  train  resistance  values  and  assumptions 
of  acceleration  rate  and  adhesion  factors.  The  first  step 
is  to  find  the  total  draw-bar  pull  required  under  the 
worst  running  and  starting  conditions. 
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In  running,  the  draw-bar  pull  must  just  equal  the 
sum  of  all  the  forces  tending  to  stop  the  trailing  load, 
which  forces  may  be  termed  resistances.  Train  resist- 
ance is  the  term  applied  to  the  friction  and  windage  of  a 
train  in  motion,  and  is  a  variable,  rather  uncertain  in 
quantity.  For  freight  trains  the  values  shown  in  Fig.  i 
may  be  used. 
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FIG.    I — FREIGHT   TRAIN   RESISTANCE   CURVES 

Corresponding  values  for  passenger  trains  may  be 
obtained  from  Fig.  2,  which  is  based  on  the  formula : — 

^10       3600  T 
where  R  =  train  resistance  in  pounds  per  ton. 
V  =  speed  in  miles  per  hour. 
T  =  weight  of  trains  in  tons. 

Curve  resistance  is  also  variable,  but  an  average  may 
be  taken  at  0.8  pounds  per  ton  for  each  degree  of  curva- 
ture. Grade  resistance  is  exact,  and  obviously  it  re- 
quires 20  pounds  per  ton  (2000  pounds)  for  each  per- 
cent of  grade  against  the  load. 

The  draw-bar  pull  must  be  greater  in  starting  than 
in  running  by  an  amount  sufficient  to  accelerate  the 
train  at  the  desired  rate.  If  there  were  no  rotating 
parts,  a  force  of  91.3  pounds  per  ton  would  be  sufficient 
to  accelerate  the  train  at  a  rate  of  one  mile  per  hour  per 
second.  In  order  to  allow  for  the  eflfect  of  rotating 
parts,  it  is  customary  to  consider  100  pounds  per  ton  as 
necessary  to  accelerate  at  the  rate  of  one  mile  per  hour 
per  second.  For  other  rates  the  force  required  is  in 
proportion  to  the  rate  of  acceleration.  Reasonable  rates 
of  acceleration  which  may  be  used  in  preliminary  calcu- 
lations are: — 

For  heavy  freight,  o.i    m.p.h.p.s 10  lbs.  per  ton 

For  pick-up  or  way  freight,     0.25  m.p.h.p.s 25  lbs.  per  ton 

For  passenger,  0.2  to  0.8   m.p.h.p.s 20  to  80  lbs.  per  ton 

With  passenger  trains,  the  lower  rates  would  be  used 
for  express  and  limited  trains,  and  the  higher  rates  for 
local  trains. 

The  adhesion  of  driving  wheels  to  rails  is  variable, 
depending  upon  rail  weight,  weather  conditions,  etc.  If 
the  maximum  grades  are  short  and  infrequent,  adhesion 
up  to  25  percent  running  and  33  percent  starting  may 
be  assumed.  Where  the  maximum  grades  are  long  and 
frequent  starts  on  grade  are  required,  these  figures 
should  be  reduced  to  22  percent  running  and  27  percent 
starting.  In  using  these  percentages  for  adhesion,  the 
total  tractive  effort  for  train  and  locomotive  is  used,  and 
not  the  ratio  of  draw-bar  pull  to  locomotive  weight  on 


drivers,  the  latter  practice  being  commonly  followed  in 
rating  steam  locomotives. 

A  simple  formula  for  the  locomotive  weight  when 
conditions  are  known  is  : — 

RT 


W 


zoP 


where   W 
L 


Locomotive  weight  (tons)  on  drivers. 

."MI    resistance   acting   on    locomotive,   in    pounds 

per  ton. 
T  ^=  Weight  of  trailing  load  (tons). 
R  =  All  resistances  acting  on  trailing  load,  in  pounds 

per  ton. 
P  =  Assumed  percentage  of  adhesion,  expressed  as  a 

whole  number. 
RT  =  Draw-bar  pull. 

As  an  example : — What  is  the  minimum  weight  of 
electric  locomotive,  all  the  weight  being  on  the  drivers, 
to  handle  25  cars  having  an  average  weight  of  40  tons, 
or  1000  tons  total,  on  a  road  having  maximum  compen- 
sated grades  of  two  percent  for  2000  feet  and  1.5  per- 
cent for  ten  miles,  a  speed  of  approximately  15  miles  per 
hour  being  desired  on  the  long  grade? 

The  train  resistance  is,  from  Fig.  i,  five  pounds  per 
ton,  and  locomotive  resistance  is  15  pounds  per  ton. 
The  resistance  of  a  two  percent  grade  is  40  pounds 
per  ton.  Allowing  ten  pounds  per  ton  for  acceleration, 
the  starting  draw-bar  pull  is  (5  -|-  40  +  10)  1000  = 
55  000  pounds.     Then   assuming  33   percent   adhesion. 
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locomotive  required  to  start  the  train  on  the  maximum 
grade. 

For  running  on  the  two  percent  grade,  the  draw-bar 
pull  is  45  000  pounds,  and  at  25  percent  adhesion  the 
locomotive  weight  becomes : — 
45000 
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When  starting  on  the  long  1.5  percent  grade  at  27 
percent  adhesion,  the  draw-bar  pull  is  45  000  pounds, and 
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FIG.  2 — PASSENGER  TRAIN   RESISTANCE  CURVES 

When  running  on  this  1.5  percent  grade  at  22  percent 
adhesion,  the  draw-bar  pull  is  35  000  pounds,  and 


W  = 


35000 


=  88.6  (tons) 


20  (22)  —  45 

The  running  adhesion  on  the  short  two  percent  max- 
imum grade  is  therefore  the  determining  feature  and 
the  locomotive   should   weigh   not   less   than    100  tons. 
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However,  judgment  mu?t  be  exercised  In  the  practical 
application  of  this  method  of  determining  weight.  For 
instance,  suppose  the  short  two  percent  grade  is  pre- 
ceded by  a  long  level  or  down-grade  run  without  stops, 
so  that  it  could  always  be  taken  "on  the  run ;"  in  such  a 
case  a  93  ton  engine  would  have  ample  weight. 

In  case  idle  trucks  are  used  on  the  locomotive,  an 
allowance  of  25  000  pounds  for  each  two-wheel  truck, 
or  40  000  pounds  for  each   four-wheel  truck,  may  be 


added  to  the  weight  of  trailing  load  and  preliminary  cal- 
culations made  as  previously  indicated. 

As  previously  stated,  this  is  a  method  of  determining 
the  minimum  weight  of  locomotive  which  should  be  sat- 
isfactory from  the  operating  standpoint.  Numerous 
other  features  afifect  the  actual  weight  of  a  locomotive 
for  a  specific  service,  so  that  it  is  not  always  possible  to 
design  and  build  locomotives  within  the  weight  derived 
by  this  method. 


Unevaluated  Factors  in  Electrified  Railroad 

Operation 


Q.  W.  Hershev 


IN  EARLY  electrifications  costs  were  a  varying  quan- 
tity  both   as   to   the   installation   and   the   operation 

thereafter,  but  from  these  early  beginnings  records 
were  secured  which  became  more  definite,  so  that  infor- 
mation was  soon  available  from  which  figures  of  prob- 
able costs  of  installation  and  operation  of  the  heavier 
systems  to  come  could  be  adjudged  with  fair  accuracy. 
While  the  economies  in  dollars  did  not  warrant  some  of 
the  first  heavy  terminal  electrifications,  other  controlling 
features  compelled  the  adoption  of  the  electrified  method 
of  transportation  at  those  points,  chief  among  which 
factors  were  the  elimination  of  noises,  dirt,  smoke,  lim- 
itations as  to  roadway  in  tunnels,  etc. 

From  the  newer,  heavier  installations  a  closer  knowl- 
edge of  costs  of  installation  and  operation  were  obtain- 
able. The  stability  of  the  electrical  equipment  in  this 
heavy  service  set  another  pronounced  record  for  the 
consideration  of  the  steam  railroad  man.  Also,  and  con- 
trary somewhat  to  expectations,  the  operation  of  some 
of  these  tunnel  and  terminal  electrifications  showed 
economies,  compared  with  the  former  steam  operation, 
which  were  surprising  to  the  general  railroad  world. 

The  art  of  electrified  railroading  has  now  reached 
the  status  where  it  is  no  longer  a  matter  of  questionable 
figures.  Certain  definite  and  known  items  count  as  an 
additional  cost,  among  which  are  the  additional  locomo- 
tive costs  above  that  for  steam  locomotives  ;  power  house 
and  power  house  apparatus,  assuming  that  the  railroad 
provides  its  own  power  supply ;  the  overhead  trolley 
wire  or  the  third  rail,  and  the  power  transmission  line 
structures  along  the  route;  bonds  and  bonding  of  the 
track ;  feeders  to  supply  the  trolley  or  third  rail  system ; 
the  sub-station  apparatus ;  the  lightning  protection 
equipment ;  the  power  control  apparatus ;  the  telephone 
and  telegraph  interference  devices.  All  of  these  have  a 
definite  cost  which,  together  with  their  respective  main- 
tenance costs,  are  readily  determinable. 

In  an  electrification,  certain  steam  equipment  is 
either  made  obsolete  or  released  from  further  service  at 
this  point.  The  cost  of  items  which  are  usable  elsewhere 
and  the  maintenance  costs  of  these,  and  of  the  equip- 


ment which  is  discarded,  is  accounted  as  a  credit  to  the 
cost  of  electrification.  Among  these  items  are  the  steam 
locomotive  equipment,  coaling  stations,  pumping  and 
watering  stations,  ash  pits  and  smaller  items  at  round- 
houses and  at  engine  division  points,  some  block  signals 
(on  account  of  their  decrease  in  number  from  the 
higher  speeds  usually  obtaining  in  electrified  operation 
where  it  becomes  more  advantageous  to  place  blocks 
farther  apart),  fewer  inspection  pits  and  stations  due  to 
the  longer  engine  divisions  usually  found  in  electrified 
operation.  The  value  of  these  can  all  be  definitely  cal- 
culated. 

The  total  of  all  the  above  costs  is  finally  summed 
up,  along  with  the  higher  speeds  usually  resulting  from 
electrified  operation,  in  a  result  showing  the  diflference 
between  steam  and  electric  operation  per  ton-mile  of 
transportation.  From  this  it  is  determined  whether  the 
economies  to  be  secured  will  justify  the  electrification. 

However,  there  are  a  number  of  factors  not  yet  men- 
tioned, but  which  have  a  very  distinct  value — the  uneval- 
uated factors  of  electrified  railroad  operation.  One 
complete  electric  engine  of  the  heavier  type  is  at  present 
made  up  of  two  cabs.  Under  each  cab,  two  four-wheel 
trucks,  connected  by  a  Mallet  hinge  type  of  coupling, 
are  usually  mounted  with  minimum  rigid  wheel  bases, 
thus  dividing  the  whole  engine  into  four  rigid  wheel 
bases  of  minimum  length;  the  two  sections  of  running 
gear  under  one  cab  articulating  through  a  permanent 
coupling  with  the  trucks  under  the  other  cab.  This 
gives  a  very  flexible  truck  and  cab  arrangement  and,  in 
addition,  permits  of  a  very  uniform  distribution  of 
driver  weights.  The  addition  of  pony  trucks  provides, 
then,  the  most  favorable  form  of  design  to  give  easy 
riding  qualities  to  the  locomotive.  The  diflference  in  the 
riding  qualities  of  the  electric  engine  as  compared  to  that 
of  the  heavy  Mallet  or  high-speed  steam  locomotives  is 
striking ;  there  is  practically  no  pounding  and  only  slight 
nosing.  In  the  electric  engine,  also,  as  there  are  usually 
only  two  pairs  of  drivers  within  a  truck,  the  side  rods 
are  lighter,  and  there  is  less  pounding  from  this  source. 
Due  to  the  unvarying  wheel  effort  of  the  drivers,  there 
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is  less  pounding  on  the  tracks,  especially  in  those  engines 
which  have  all  over-running  axle  weights  spring  sus- 
pended. All  of  these  factors — easier  riding  of  the  en- 
gine, more  uniform  distribution  of  driver  weights,  less 
nosing,  less  track  pounding — result  in  considerably 
lower  track  maintenance  costs. 

Due  to  uniform  propulsive  effort,  the  electric  engine 
will  deliver,  per  driver  weight,  greater  draw-bar  pull 
than  a  steam  locomotive  with  same  driver  weights,  but 
with  varying  propulsive  effort.  This,  to  a  degree,  has 
been  taken  advantage  of  by  raising  the  tractive  co- 
efficient of  the  electric  engine  to  a  higher  value  than  has 
been  allowed  in  steam  locomotive  design.  Also,  if  one 
truck  slips,  it  is  possible  for  the  other  trucks  to  absorb 
the  lost  effort  of  the  slipping  truck ;  thus  the  uniform 
movement  of  the  train  is  not  materially  affected.  This 
feature  eliminates  much  of  the  necessity  for  slacking 
down  and  taking  a  new  start.  It  further  eHminates 
rack  and  tear  on  the  trailing  equipment,  probable  break- 
ing of  drawheads,  etc.  The  nicely  graduated  tractive 
effort  within  the  control  of  the  engineman  in  the  elec- 
tric engine,  both  in  starting  a  train  and  in  letting  down 
the  tension  of  a  train,  are  factors  contributing  to  lower 
costs  of  maintenance  of  trailing  equipment. 

It  was  long  considered  a  problem  whether  an  electric 
engine,  made  rigid  and  stable  enough  to  supersede  the 
steam  locomotive,  could  provide  the  unusual  feature  of 
"standing  agamst"  the  load  in  starting  heavy  trains. 
Fortunately,  in  the  Norfolk  &  Western  electrification 
the  ability  of  the  electric  engine  to  "stand  against"  load 
while  exerting  full  tractive  effort  has  been  thoroughly 
demonstrated  and,  due  to  the  graduated  control  referred 
to,  the  operation  of  the  electric  engine  has  proven  to  be 
eminently  satisfactory  in  this  respect,  both  in  starting 
and  stopping. 

With  the  development  of  regenerative  braking,  many 
new  features  of  operation  have  been  evolved.  Taking  a 
heavy  train  down  a  steep  grade  without  the  application 
of  air,  when  first  propounded,  appeared  as  a  fanatic's 
dream.  However,  regeneration  has  proven  one  of  the 
most  important  features  of  the  electric  engine.  It  re- 
moves all  of  the  strain  from  the  tires  of  the  trailing 
equipment  and  eliminates  the  dissipation  of  energy 
through  friction,  since  the  airbrakes  are  not  used  except 
to  stop  or  hold  a  train  on  a  grade.  This  results  in  a 
decrease  in  tire  wear,  the  elimination  of  all  troubles 
from  hot  tires  and  a  decrease  in  maintenance  of  the  air 
equipment.  Since  a  constant  rate  of  descension  of 
grades  can  be  maintained,  the  jarring  of  trains  due  to 
letting  down  air  on  long  grades,  with  all  of  its  conse- 
quent troubles  and  costs,  is  entirely  eliminated.  This 
not  only  affects  the  secure  operation  of  the  train,  but 
materially  increases  the  comfort  of  passengers  on  pas- 
senger train.'?.  Another  great  factor  of  safety  is  found 
in  the  fact  that  the  engineman  has  at  his  command  at  all 
times,  for  emergency  purposes,  the  fully  charged  train 
line — a  condition  which  does  not  always  exist  with  the 
air-braking  method.  Also,  there  is  less  necessity  of  out- 
side riding  on  the  part  of  brakemen  for  the  purpose  of 


setting  up  retainers  on  long  light  trains  descending 
grades,  thus  reducing  a  hazard  of  railroading.  In  addi- 
tion, the  return  of  power  to  the  line  effects  a  very  con- 
siderable economy. 

Double-end  operation  of  the  locomotive,  whereby  all 
turning  is  eliminated,  has  been  a  wonderful  factor  in 
lessening  congestion,  and  the  increased  flexibility  of 
operation  has  inaugurated  a  new  viewpoint  in  dis- 
patching. With  the  higher  speeds  which  have  usually 
resulted  from  electrification,  it  has  also  been  found  ad- 
vantageous to  have  block  signals  set  farther  apart, 
resulting  in  a  decreased  cost  of  maintenance  of  these 
items,  as  well  as  a  freer  operating  condition  along  the 
line. 

In  tunnels  there  is  always  a  natural  tendency  to 
moisture  which,  combining  with  the  gases  of  the  steam 
locomotives,  usually  results  in  bad  trackage.  This,  too, 
is  eliminated,  giving  higher  speeds  and  better  operating 
conditions  at  these  points. 

While  steam  locomotives  of  a  class  are  constructed 
to  be  duplicates  as  nearly  as  possible,  there  is  always  a 
feeling  among  the  employees,  usually  based  on  fact,  that 
one  locomotive  is  a  better  steamer  than  another,  etc.  It 
is  not  possible  to  get  as  good  operating  efficiency  from  a 
steam  locomotive  with  promiscuous  change  of  crews 
from  one  locomotive  to  another,  due  to  the  fact  that  each 
crew  learns  how  to  operate  their  regular  engine  to  best 
advantage.  This  modifies  the  ultimate  efficiency  of 
steam  operation.  Not  so,  however,  with  the  electric  en- 
gine. Here  the  source  of  power  is  transferred  to  other 
hands,  where  the  factors  are  constant  so  that  the  high- 
est efficiency  results  at  that  point.  The  engineman  deals 
only  with  the  manipulation  of  the  levers ;  he  has  at  his 
command  an  unlimited  amoimt  of  power,  and  the  con- 
stant strain  to  keep  the  equipment  in  condition  to  give 
high  efficiencies  has  been  eliminated.  He  has  also  at  his 
command  that  most  desirable  feature — the  ability  to 
supply  power,  irrespective  of  quantity,  where  and  at  the 
time  he  needs  it.  This  results  in  higher  operating 
efficiency.  The  electric  engine  also  requires  less  light 
inspection  daily,  with  a  resulting  longer  period  on  the 
tracks,  thus  decreasing  the  amount  of  equipment. 
Double-end  operation  makes  it  much  more  adaptable  for 
switching  operation. 

As  in  other  commercial  operations,  a  railroad  sys- 
tem's scheme  of  operation  and  success  are  founded  on 
the  efficiency  of  two  factors — that  of  the  physical  prop- 
erty and  that  of  the  man,  the  employee.  The  two  in  suc- 
cess are  absolutely  inseparable,  the  operation  of  the  one 
depending  upon  the  part  played  by  the  other.  Having 
all  conditions  most  favorable  to  each  results  in  the  high- 
est efficiency  of  the  two  collectively.  Anything  which 
tends,  therefore,  to  benefit  the  employee,  either  by  light- 
ening his  work,  eliminating  personal  hazard,  making  his 
work  more  comfortable,  cementing  his  fidelity  and 
making  him  more  amenable  to  orders  of  superiors  (with- 
out destroying  individual  initiative),  strengthening  his 
fidelity  to  the  organization  and  elevating  his  appreciation 
of  his  relation  to  his  employer  as  a  factor  in  conserving 
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the  public  safety, — all  go  to  make  up  the  end  to  be 
desired.  Anything  tending  to  such  an  end  is  valuable, 
though  it  may  not  be  easy  of  evaluation.  The  employee's 
work  is  easier  on  the  electric  locomotive  than  on  the 
steam  locomotive.  On  the  steam  locomotive  the  engineer 
is  responsible  for  keeping  his  engine  in  an  operating  con- 
dition. This  necessitates  constant  attention  to  oiling,  in- 
spection of  clearances,  bearings,  tightening  of  nuts,  etc. 
— in  fact,  a  constant  strain  not  only  mentally,  but  oft- 
times  physically,  tending  to  cause  a  fatigue  that  under 
prolonged  service  will  become  abnormal  and  will  hazard 
the  safety  of  the  traveling  public.  The  importance  of 
this  condition  has  long  been  recognized,  and  now  the 
hours  of  labor  for  this  class  of  service  are  all  justly 
regulated  by  Federal  statutes.  While  running  an  elec- 
tric engine  is  not  so  easy  that  this  legislation  should  not 
apply,  the  work  of  the  employee  has  certainly  been  ma- 
terially lightened.  The  engineman  is  largely  relieved  of 
the  strain  of  maintaining  the  mechanism ; — it  is  a  char- 
acteristic general  to  the  electric  engine  that  it  is  usually 
either  perfectly  operative  or  wholly  inoperative  (with, 
however,  exceedingly  high  mileage  per  detention).  The 
electric  engineman  and  his  fireman  are  warm  at  all  times 
during  winter  and,  in  that  the  engines  may  be  venti- 
lated properly,  in  summer  they  are  cool.  The  steam 
locomotive  is  excessively  hot  in  summer,  while  in  the 
winter  it  is  intermittently  hot,  cold  and  damp,  and  if 
being  operated  reversed,  against  the  wind,  it  is  benumb- 
ingly  cold.  In  the  electric  engine  also  the  strain  of  the 
responsibility  for  proper  power  supply  is  all  removed 
from  the  engineman. 

In  the  electric  engine,  when  properly  designed, 
meters  in  the  motor  circuits  are  mounted  along  with  the 
air  gauges  in  plain  view  of  the  engineman.  From  these 
he  is  able  to  tell  just  what  each  individual  truck  of  his 
locomotive  is  doing.  Also,  the  generally  better  tractive 
conditions  of  the  electric  engine  with  its  grouped  inde- 
pendent trucks  usually  reduce  the  numlier  of  extra 
starts  which  must  be  made. 

When  the  electric  engine  was  first  proposed  there 
went  up  a  hue  and  cry  that  electrified  operation  would 
put  the  steam  railroad  operators  out  of  business,  their 
positions  of  necessity  to  be  taken  by  men  experienced  in 
the  operation  of  electrical  equipment.  However,  the 
steam  locomotive  engineer  discovered  that  he  could 
capably  handle  the  electric  engine  and,  furthermore,  that 
the  operation  of  the  electric  engine  involved  greater 
physical  ease  and  general  physical  comfort  than  the 
steam  locomotive,  the  result  being  that  the  engineman 
has  become  an  enthusiast  under  the  new  scheme  of  elec- 
trified operation. 

"Safety  First"  has  become  the  popular  watchword 
of  the  railroads.  It  is  meant  to  carry  with  it  a  continual 
red  flag  against  carelessness.  While  this  slogan  is  a 
typified  ideal,  anything  which  adds  to  the  end  of  safety 
must  be  accepted  as  of  real  value,  although  often  not 
determined  readily  in  actual  dollars  and  cents.  In  the 
steam  locomotive,  the  engineer's  position  is  at  the  ex- 
treme rear  of  the  locomotive.     Interposed  between  him 


and  a  clear  headway  is  the  locomotive  itself  on  one  side 
and  before  him  to  an  e.xtent.  In  addition,  there  is  fre- 
quently smoke  and  steam  which  obstruct  his  view  of 
signals  and  roadway.  With  the  electric  engine,  there 
is  a  clear  view  ahead,  so  that  all  danger  from  inability 
to  see  signals  properly  is  eliminated.  This  gives  not 
only  additional  security,  but  it  also  eliminates  the  ne- 
cessity for  slowdowns  to  see  signals.  These  factors 
undoubtedly  have  a  distinct  commercial  yet  unevaluated 
worth. 

Fundamentally,  the  success  of  a  railroad  enterprise 
is  dependent  upon  the  character  of  the  population  which 
it  serves  and  its  relations  to  that  population,  which  may 
be  to  a  great  degree  affected  by  what  the  railroad 
does  for  the  conmiunity.  The  advent  of  electrified  rail- 
roading eliminates  noise  and  dirt  and  the  general  atmos- 
phere of  unpleasantness  near  the  tracks.  These  condi- 
tions improve  real  estate  values,  and  quite  frequently  the 
citizenship  along  the  railroad  is  bettered.  Population 
usually  materially  increases  along  the  line  of  the  elec- 
trified railroad. 

Communities  are  not  disregardful  of  better  service 
supplied  by  the  public  service  companies  within  their 
midst,  and  it  is  one  of  the  proud  boasts  of  a  community 
to  point  to  the  improvements  and  their  own  better  living 
conditions  produced  thereby.  This  tends  to  eliminate 
the  opposition  of  the  public  to  the  business  interests  of 
the  railroad,  resulting  again  in  a  more  rapid  develop- 
ment of  the  country  traversed,  with  its  consequent  direct 
benefits  to  the  company. 

One  of  the  most  noticeable  features  of  electrified 
operation  is  that  there  has  never  been  any  very  serious 
trouble  in  starting  an  electric  system.  The  railroad 
organization  has  always  been  able  to  meet  the  new  prob- 
lems resulting  from  electrified  operation  in  a  quiet,  easy 
manner.  Furthermore,  the  operation  of  electrified  sys- 
tems has  not  only  invariably  shown  a  fulfillment  of  the 
engineers'  predictions  for  economies,  measured  in  dol- 
lars and  cents  return,  but  these  have  always  been 
exceeded  and  the  electrified  operation  has  invariably 
proven  to  be  of  greater  commercial  benefit  to  the  rail- 
road than  the  original  figures  contemplated.  This  can 
be  attributable  to  no  other  conditions  than  the  many 
factors,  among  which  are  those  discussed  herein,  which 
are  termed  the  unevaluated  factors  of  electrified  railroad 
operation.  These  have  been  of  immense  value  and, 
while  the  feasibility  of  an  electrification  as  a  profitable 
enterprise  is  generally  decided  from  a  measure  of  profits 
based  on  actual  figures,  it  is  confidently  believed  that  the 
proper  time  for  the  electrification  of  a  steam  road 
already  in  existence  is  when  it  has  been  determined  that 
the  cost  of  operation,  the  interest  on  the  investment  and 
the  depreciation  and  maintenance  charges  on  the  new 
equipment  are  balanced  by  the  increased  net  returns  to 
result  from  the  higher  economies  by  electrified  opera- 
tion, and  the  general  benefits  and  returns  expected  to 
accrue  from  the  unevaluated  factors  of  the  electrified 
operation  should  be  accepted  as  a  safe  margin  of  addi- 
tional profits. 


An  Engineer  at  Play 

William  Nesbit 

AFTER  GOING  over  some  business  matters  with  the  author  of  this  article  some  months  ago,  the  proposal 
that  we  take  lunch  together  was  accepted.  As  usual  on  such  occasions,  business  was  dropped  for  the  time 
being  and  the  conversation  soon  turned  to  the  author's  hobby,  photography.  His  methods  of  dealing  with 
the  problems  encountered  in  the  photographing  of  animals  in  the  "wilds  of  New  Jersey"  were  so  interesting, 
and  so  typically  those  of  the  engineer,  that  it  was  suggested  that  other  engineers  also  would  be  interested  in 
his  experiences,  covering  several  years  of  experimental  work;  hence  the  present  contribution  by  one  of 
New  York's  busy  engineers. —  [Ed.] 
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ENGINEERS  in  general  work  too  hard,  due  in  part 
to  their  love  for  their  profession  and  their  ambi- 
tion to  forge  ahead  to  positions  of  greater  respon- 
sibility. To  many  of  them  work  is  as  play,  and  expendi- 
tures of  time  and  money  for  recreation  and  vacation 
outings  appear  uncalled 
for.  Sooner  or  later,  how- 
ever, it  may  become  neces- 
sary to  slacken  up,  or  pay 
the  penalty.  Such  critical 
times  are  apt  to  occur  very 
suddenly,  and  sometimes 
too  late  for  one  to  take 
advantage  of  the  warning. 
In  my  own  case  such  a 
time  occurred  four  years 
ago  and  brought  an  ap- 
preciation of  the  value  of 
good  health  and  the  necessity  of  having  a  so-called 
"hobby." 

It  is  fortunate  when  one  technically  inclined  can 
pursue  an  avocation  which  combines  not  only  a  healthy 
out-of-door  diversion,  but  also  some  technical  interest. 
I  found  such  a 
hobby  in  the  devel- 
opment of  mois- 
ture-proof, h  i  g  h- 
speed  flashlight  ap- 
paratus for  taking 
photographs  of  ani- 
mals by  flashlight. 
This  article  gives  a 
short  history  of 
my  experiences  in 
the  development  of 
this  apparatus. 

My  first  outfit 
consisted  of  a  cam- 
era on  a  stand,  pro- 
tected from  rain  by 
a  sheet  of  alumi- 
num,— with  a  flash 
pan  supported  by  an  upright.  The  operation  was  as 
follows : — 

An  animal  pulling  on  a  bait  attached  to  the  tripping 
wire,  or  walking  into  such  a  wire  across  a  runway,  re- 


leased the  familiar  old  trapper's  figure  -4  snare,  thus 
causing  a  weight  to  fall  and  trip  the  shutter.  After 
falling  a  little  further,  the  weight  tripped  a  trigger, 
firing    a   paper    cap,    which    in    turn    ignited    the    flash 


FIG.  2 — NOT  A  VERY   INTELLIGENT   LOOKING     POSSUM 

But  he  knew  enough  to  eat  regularly  all  the  bait  set  out  except 
the  piece  attached  to  the  flash  lamp. 

powder.  By  setting  the  camera  shutter  to  expose  the 
plate  for  one-fifth  of  a  second,  this  arrangement  caused 
the  shutter  to  o])en  just  preceding  the  flash  and  close 

automatically    just 
.^  after  the  flash.  The 

sharpness    of    the 
••  picture    was     de- 

pendent primarily 
upon  the  speed  of 
I  h  e  powder — the 
greater  the  speed 
of  the  powder,  the 
sharper  the  picture^ 
if  the  animal  was 
moving  at  the  in- 
stant the  exposure 
is  made.  Later  out- 
fits employed 
springs  for  trip- 
p  i  n  g  the  shutter 
and  firing  the  flash. 
Revolvers,  well 
greased  with  a  mixture  of  rifle  grease  and  beeswax^ 
were  substituted  in  place  of  caps  for  firing  the  powder, 
which  was  enclosed  in  a  paraffine  dipped  pasteboard 
box.      Because   the    "kick"    would    shake    the    camera. 


OWN-   PORTRAIT   RV    FLASHLIGHT  AT  SUNRISE 
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when  the  flash  lamp  was  supported  from  the  camera 
stand,  it  was  necessary  to  keep  the  flash  lamp  and 
the  camera  mechanically  independent.  A  piece  of  alum- 
inum strap  bent  to  hold  the  revolver  and  powder  box 
made  a  very  light  combination,  which  was  readily  se- 
cured to  the  side  of  a  tree,  or  other  support.  The  main 
objection  to  the  employment  of  revolvers  is  the  strong 


T^TM         SECOND  -j-TH      SECOND 

FIG.    3 — TESTS    ON    POWDER    SPEEDS 

desire  of   the  country   boys   to   annex  anything   which 
will  shoot. 

The  pictures  taken  by  the  first  outfit  were  usually 
blurred — always  when  the  animal  was  moving.  This 
condition  was  bettered  by  using  powder  having  greater 
speed,  and  by  enclosing  the  powder  in  a  paper  box.  It 
was  found  that  slow-speed  powders  (those  having  a 
speed  of  one-fifth  of  a  second  when  spread  out  along 
a  length  of  18  inches)  were  increased  in  speed  100  per- 
cent by  enclosing  them  in  pill  boxes.  The  higher  speed 
powders  (those  having  a  speed  of  one  twenty-fifth  of  a 
second)  were  only  increased  about  ten  percent.     These 


^•": 


FIG.  4 — MOISTURE  PROOF   FL.^SH    LAMP  WIRED  TO   SMALL  TREE 

improvements  resulted  in  sharper  pictures,  but  in  order 
to  get  sharp  pictures  of  running  or  even  walking  ani- 
mals it  was  found  necessary  to  employ  the  camera 
shutter.  In  this  case  the  shutter  must  expose  the  plate 
only  during  a  portion  of  the  flash. 


When  it  is  considered  that  even  with  slow-speed 
flash  powders  the  light  is  strong  enough  to  take  high- 
speed pictures  for  less  than  one-fifth  of  a  second,  and 
with  high-speed  powders  for  about  one-twentieth  of  a 
second,  the  difficulty  in  causing  the  shutter  to  operate 
at  the  exact  instant  of  maximum  light  of  the  flash  will 


FIG.   S — VERTICAL   SECTION   THROUGH   "TYPE  -K"   LAMP 

The  lamp  frame  is  made  of  aluminum  with  a  brass  plunger 
rod  28,  a  trigger  and  bronze  compression  spring,  and  a  case- 
hardened  iron  firing  pin  27  which  serves  to  e-xplode  a  32  caliber 
blank  cartridge ;  an  aluminum  cap  26  fits  snugly  over  the  powder 
box,  protecting  it  from  the  weather  and  also  furnishing  means 
of  tripping  the  shutter.  The  camera  shutter  is  equipped  with  a 
spring  tending  to  trip  it  and  expose  the  plate,  being  restrained 
by  a  small  aluminum  prop,  as  shown  in  Fig.  6.  This  prop  is 
attached  through  a  small  brass  wire  to  the  chain  from  the  flash 
lamp  cap,  so  that  when  the  cap  is  blown  upward  by  tlie  explo- 
sion the  shutter  is  tripped,  thus  exposing  the  plate  at  the  instant 
of  maximum  illumination. 


FIG.  6 — METHOD  OF  TRIPPING  COMPOUND   SHUTTER 

be  appreciated.  Many  methods  have  been  tried  for 
accomplishing  this,  based  upon  the  principle  of  tripping 
the  shutter  at  a  definite  interval  of  time,  following  some 
other  operation.  The  error  in  these  methods  is  that  the 
small  fuses  used  to  fire  the  powder  vary  in  the  time  of 
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their  ignition.    The  result,  therefore,  is  that  the  shutter 
usually  exposes  the  plate  at  the  wrong  time. 

Tests  were  made  to  determine  whether  the  plate 
would  be  exposed  at  the  correct  instant  if  a  part  of  the 
energy  of  the  exploding  powder  were  directed  to  trip 


TYPE     B     LAMP 


ture  and  placed  on  a  tripod.  As  this  type  of  lamp  was 
fired  by  a  blank  cartridge  only,  it  was  necessary  to  be 
nearby  when  it  was  fired.  I  placed  it  out  in  the  yard 
and,  with  my  head  as  near  the  ground  as  far  under  the 


FIS.  7— MOISTURE-PROOF,  ELECTRICALUY-FIRED   FLASH    LAMP 

A  hollow  aluminum  casting  protects  a  dry  cell  and  supports 
a  suitable  flash  powder  box,  in  which  the  powder  is  nred  by 
fuses  set  off  by  a  small  switch  operated  by  the  animal.  Two 
fuses  are  employed  to  ensure  an  explosion. 

the  camera  shutter.  It  was  feared  that  such  a  method 
would  expose  the  plate  too  late  to  receive  sufficient 
illumination.  Fortunately,  these  tests  proved  that  even 
with  powders  having  a  speed  of  one-fortieth  of  a  second 
pictures  always  resulted.  With  such  methods  it  is  im- 
material how  tardy  the  fuse  or  the  powder  is  in  igni- 
tion, as  the  shutter  is  not  actuated  until  the  flash  has 
gotten  under  headway. 


l-IO.    10— MOISTURE-PROOF  CAMERA  AND  TIUTOD 

The  camera  is  made  of  cast  aluminum,  three  thirty-seconds 
of  an  inch  thick,  except  where  special  reinforcing  is  necessary 
to  provide  mechanical  strength.  This  is  too  thin  to  cast  alum- 
inum with  any  assurance  of  success,  and  some  of  the  castings 
are  lost  as  a  result.  It  is  believed  that  the  reduction  in  weight 
compensates  for  the  increased  expense  for  castings.  The  alum- 
inum supports  are  twenty-five  inches  long,  and  the  camera  com- 
plete weighs  nine  pounds. 

lamp  as  possible,  I  pulled  the  string.  All  the  neighbors 
for  a  radius  of  half  a  mile  came  up  to  see  what  caused 
the  explosion,  as  the  terrific  report  could  be  heard  three 
miles  awav.    The  concussion  blew  over  the  camera  and 


AN    INSTANT   APART 


FIGS.  8  and  9 — successive  pictures. 
Fig   8— An  uninvited  and  too  frequent  caller  shooting  himself  with  a  load  of  salt. 
Fig.  9_The  salt  takes  effect— exposure  1/200  second;  it  would  require  l/iooo  of  a  second  to  stop  motion  now. 

In  order  to  prove  that  the  highest  speed   powder  the    fragments    of    the    lamp   casting    were    distributed 

would  produce  pictures  when  this   method  is  used,   I  pretty  evenly  over  a  four-acre  field.     Had  any  of  the 

arranged  with  a  manufacturer  to  compound  a  charge  pieces  traveled  in  the  direction- of  China  this  story  would 

of  the  highest  speed  powder  they  were  willing  to  make,  not  have  been  written.     However,  the  test  resulted  in  a 

A  semi-enclosed  lamp  was  filled  with  this  explosive  mix-  picture,  although  a  blurred  one.    The  speed  of  this  enor- 
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mous  charge  of  powder  was  probably  one  seventy-fifth 
of  a  second  or  greater. 

The  speed  of  the  powder  is  tested  by  swinging  in 
front  of  the  camera  a  seconds  pendulum,  on  the  arm 
extension  of  which  is  mounted  a  conical-shaped  polished 
ball.  The  light  from  the  flash  is  reflected  back  from  the 
swinging  ball,  and  the  developed  plate  produces  a  line 


as  the  one  just  mentioned,  but  not  attached  to  one  an- 
other. By  a  suitable  combination  of  these  parts  it  is 
possible  to  obtain  automatically  two  flashlight  pictures 
of  the  snmc  animn!  a  definite  interval  of  time  apart,  as 


:7,^  1 


FIG.    II — A   TYPICAL   CIRCUIT-CLOSING   TREAD    SWITCH 

shaped  like  an  arc  of  a  circle,  as  shown  in  Fig.  3,  from 
the  length  of  which  the  speed  can  be  calculated. 

THE    FLASH    LAMP 

As  a  result  of  these  experiments  I  developed  three 
special  types  of  flash  lamps  for  having  wild  animals 
take  their  own  portraits  by  flashlight.  Such  lamps  may 
be  set  out  of  doors  for  long  periods  of  time,  and  as  a 
first  essential   must  be  moisture-proof. 

The  Cartridge-Fired  Lamp  was  designed  as  an  im- 
provement over  the  revolver  for  igniting  the  flash,  and 
also  to  provide  a  means  for  operating  the  camera  shutter 
by  means  of  the  explosion.  Its  construction  is  shown  in 
Figs.  4  and  5.  The  lamp  is  attached  to  any  convenient 
support  just  behind  and  above  the  camera,  and  a  small 
wire  is  carried  from  the  trigger  either  to  the  bait  or 
across  an  animal  runway  in  such  a  manner  that  the 
animal  may  be  induced  to  take  its  own  photograph. 

An  Electrically  Fired  Flash  Lamp  for  the  same  pur- 
pose is  shown  in  Fig.  7.  Its  operation  is  the  same  as  that 
just  described.  As  it  has  been  sometimes  found  more 
convenient  to  mount  the  parts  of  this  lamp  separately,  a 
third  type  of  lamp  was  developed,  having  the  same  parts 


FIG.    12 — HORIZONTAL    SECTION    THROUGH    MOISTURE-PROOF    CAMER.\ 

After  the  plate  holder  is  inserted  the  opening  at  the  side  of 
the  camera  is  made  moisture-proof  by  a  rubber  gasketed  alum- 
inum cap.  Focusing  is  accomplished  by  removable  lens  ring, 
which  accommodates  the  lens  to  eight  or  twelve  feet  focus  for 
small  or  larger  animals.  Between  the  brass  lens  board  and  the 
camera  front  is  a  rubber  gasket.  Thin  rubber  gaskets  are  placed 
between  the  lens  elements  and  their  mountings,  and  a  little 
vaseline  is  placed  between  the  lens  threads  and  the  shutter 
threads  to  prevent  any  possibility  of  moisture  entering  at  these 
points.  A  small  black  bag  of  calcium  chloride  may  be  placed 
inside  the  camera  to  absorb  any  moisture  in  the  air  at  the  time 
the  camera  is  closed. 


FIG.    13— PHOTOGRAPH    OF    "TYPE    G"    FLASH    STAND    AND    MOISTURE- 
PROOF  CAMERA  AFTER  A  BLIZZARD 

This  treatment  injures  neither  the  apparatus  nor  the 
flash  powder. 

shown  in  Figs.  8  and  9.  This  is  done  by  attaching  to 
the  trigger  of  the  second  lamp  a  weight,  suspended  from 
a  small  copper  wire  which  passes  through  the  flash  pan 
of  the  first  lamp.  The  heat  of  the  first  flash  melts  this 
wire  and  the  second  lamp  is  fired  an  instant  later. 

In  all  these  lamps  the  flash  powder  is  protected  from 
moisture  by  placing  it  in  a  thin  paper  box  holding  two- 
thirds  of  an  ounce  of  powder,  which  is  then  dipped  in 
melted  paraffine.  These  flashes  are  very  powerful,  as  a 
large  charge  is  required  to  obtain  a  satisfactory  expo- 
sure outdoors  with  sufficiently  high  speed  to  stop  mo- 
tion. The  explosion  may  be  heard  for  a  mile  or  two 
under  favorable  atmospheric  conditions,  and  the  reflec- 
tion in  the  sky  has  been  seen  for  over  five  miles.  With 
a  lens  opening  of  F-8  and  the  animal  eight  to  twelve  feet 
from  the  lens,  a  shutter  speed  of  one-hundredth  of  a 


FIG.    14— "TYPE  d"   semi-enclosed   ELECTRIC   SQUIB-FIRED 
FLASH    LAMP 

Connected  to  a  kodak  through  antinous  release  extension, 
second  is  required  to  stop  motion  in  case  of  animals 
pulling  at  a  bait,  and  one  two-hundredths  of  a  second  is 
usually  necessary  in  the  case  of  walking  animals. 

Some  kinds  of  animals  do  not  forget  what  has  hap- 
pened on  a  previous  occasion.  Other  animals  will  not 
hesitate  to  fire  flashes  whenever  there  is  a  mouthful  of 
cheese  to  be  had  for  the  fireworks.    To  provide  for  the 
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former  class,  electric  circuit-closing  tread  switches,  such 
as  shown  in  Fig.  ii,  may  be  concealed  under  leaves,  so 
that  the  animal  will  unconsciously  fire  the  flash  when  it 
steps  on  the  switch.  These  are  especially  useful  after 
an  animal  has  once  fired  a  flash  by  pulling  on  a  bait. 

THE    CAMERA 

Ordinary  cameras  have  been  used  for  this  service 
and,  where  they  are  visited  daily,  are  entirely  satisfac- 
tory, provided  they  are  com- 
pletely protected  against  the 
weather.  However,  in  damp 
weather  plates  will  usually  not 
keep  in  good  condition  in  them 
for  more  than  one  day.  Hence 
a  moisture-proof  camera  was 
desirable  which  would  keep  the 
plates  for  protracted  periods 
during  the  severest  weather. 
After  considerable  experi- 
mental work  I  developed  the 
camera  shown  in  Figs.  lO  and 
12,  which  is  light  in  weight  and 
is  entirely  moisture-proof.  The  cameras  and  the  flash 
lamps  will  stand  exposure  to  the  severest  weather,  such 
as  shown  in  Fig.  13,  for  indefinite  periods  without 
deterioration  of  either  the  dry  plate  or  the  flash  powder. 

OTHER     HIGH-SPEED     FLASH     LAMPS 

Where  the  lamp  and  camera  are  not  left  alone,  it  is 
not  necessary  to  have  them  moisture-proof.  This  is 
generally  the  case  where  the  exposure  is  made  by  a 
watcher  concealed  nearby  and  for  photographing  ani- 
mals from  the  bow  of  a  boat  at  night,  which  is  becom- 
ing   a    popular    sport    among    persons    spending    their 


FIG.   IS — SECTION 
THROUGH    "type    d"    LAMP 


FIG.   16 — OUTFIT  FOR  PHOTOGR.'^PHING  ANIMALS   FROM   A  BOAT 

summer  vacation  among  mountain  lakes  where  deer 
abound.  A  number  of  different  types  of  lamps  have 
been  developed  for  this  service,  all  of  which  depend 
upon  the  same  general  principles  for  their  operation,  but 
which  may  be  somewhat  more  cheaply  constructed.     In 


these  lamps  the  aluminum  cap  over  the  powder  is  not 
blown  off  by  the  explosion,  but  is  merely  lifted  for  a 
p'^jft  distance,  the  motion  being  sufficient  to  trip  the 
si  utter,  as  shown  in  Figs.  14  and  15,  through  the  me- 
■  :im  nf  ri  -pecial  antinous  release  extension  which  oper- 
ate 5  direct' V  the  antinous  release  with  which  the  ordi- 


FIG.    17 — MAGNET   RELEASE   FOR  TRIPPING  THE  SHUTTER  OF   THE 
CAMERA    BY    ELECTRICAL    MEANS 

The  action  of  the  mechanism  is  obvious.  The  magnet  arm- 
ature releases  a  spring-actuated  hammer  which  pushes  on  the 
antinous  release  of  the  camera. 

nary  camera  is  provided.  An  outfit  has  been  especially 
developed  using  a  pair  of  these  non-moisture-proof  flash 
lamps  and  one  or  more  ordinary  cameras,  Fig.  16,  for 
"jacking"  or  photographing  deer,  moose  and  other  ani- 
mals standing  along  the  shores  of  rivers  or  lakes.  This 
consists    of    a    horizontal    revolving    bed    carrying   the 


FIG.     18 — A    COON    WHO    IS    FOND    OF    CHEESE    SANDWICHES 

cameras,  jack  lantern  and  flash  lamps,  all  supported  by 
a  ball-bearing  pedestal,  which  is  usually  screwed  to  the 
seat  in  the  bow  of  the  boat.  When  the  jack  shines  on 
the  animal  from  a  suitable  distance  the  flash  may  be 
fired  by  the  operator  without  further  adjustments  and 
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with  confidence  that  a  satisfactory  picture  will  be  se- 
cured. The  ball-bearing  pedestal  provides  for  noise- 
lessly turning  the  entire  outfit  for  the  purpose  of  locat- 
ing the  animal,  and  many  pictures  may  thus  be  secured 
which  would  be  impossible  if  the  apparatus  had  to  be 
pointed  by  turning  the  boat. 

MAGNET    RELEASE 

Where  the  distance  between  the  camera  and  the 
flash  lamp  is  not  constant  the  antinous  release  extension 
previously  mentioned  is  valuable  for  short  distances,  and 
for  larger  separations  the  magnet  release  shown  in  Fig. 
17  has  been  developed.  This  release  may  be  operated 
by  hand  from  a  distance,  or  may  be  operated  by  one  of 
the  flash  lamps  by  having  the  vertical  movement  of  the 
plunger  pull  an  insulating  plug  from  between  two  spring 
contacts,  thereby  closing  a  circuit  from  the  battery  to 
the  magnet  coils  of  the  release.  This  release  may  also 
be  connected  in  parallel  with  the  fuse  circuit ;  it  will  then 
open  the  shutter  preceding  the  flash,  and  if  the  shutter 
is     set     for,     say 


one-fifth  of  a  sec- 
ond, it  will  close 
immediately  fol- 
lowing the  flash. 
This  method  is  of 
service  when  high 
speed  is  not  re- 
quired, and  when 
it  is  desired  to 
have  the  plate  re- 
ceive all  of  the 
light  from  the 
u  c  h  as 
taking  col- 
transparen- 
cies by  flashlight. 
With  the  shut- 
ter prop  method, 
the  shutter  i  s 
tripped  as  soon  as 
the  movable 
plunger  starts  to 
raise ;  with  the 
magnet    release. 


the  armature  of  the  magnet  to  close  and  o.oi  of  a  second 
for  the  mechanical  travel  of  the  hammer. 


Tests  with  all  the  lamps  described  above  indicate 
that  powders  having  a  speed  of  one-fifth  to  one-tenth  of 
a  second  give  best  exposures,  although  with  the  shutter 
prop  method  powders  of  one-fortieth  of  a  second  speed 
produce  pictures  usually  under  exposed.  The  tests  indi- 
cate a  wide  variation  in  the  time  of  blowing  of  the  fuse 
and  the  closing  of  the  magnet  release  circuit,  due,  no 
doubt,  to  the  variation  in  the  rate  of  ignition  of  the  flash 
powder.  This  indicates  clearly  why  methods  depending 
upon  a  fixed  time  of  operation  of  the  shutter  are  unreli- 
able. I  have  frequently  subjected  a  pile  of  flash  powder  to 
a  1.5  inch  spark  from  an  induction  coil  without  causing 
it  to  ignite  the  powder ;  this  is  due  to  the  small  amount 
of  heat  in  such  a  spark  when  the  source  is  a  dry  cell. 

The  apparatus  described  above  embraces  the  most 
prominent  items  so  far  developed.  They  have  superseded 
EASE  O.OSE,  many    earlier 


li 


flash, 
when 
ored 


FIG.   19 — OSCILLOGRAPH   TESTS 

Made  to  determine  the  time  intervals  between  the  closing  of  the  battery  circuit 
through  the  fuses,  the  opening  of  the  fuse,  the  closing  of  the  circuit  through  the 
magnet  releases  and  the  tripping  of  the  shutter.  More  than  one  fuse  is  used  in 
case  more  than  one  lamp  is  fired  simultaneously  or  to  insure  the  firing  of  a  lamp; 
two  magnet  releases  are  used  when  it  is  desired  to  make  two  photographs,  using 
two  cameras.  The  flash  does  not  start  until  some  time  after  the  fuse  blows, 
depending  upon  the  explosive  nature  of  the  powder  and  its  condition. 


the  shutter  is  tripped  soon  after  the  circuit  through  the 
magnet  release  is  closed.  It  actually  requires  approxi- 
mately one-thirtieth  of  a  second  longer  for  the  tripping 
of  the  magnet  release  as  determined  by  oscillograph 
tests,  Fig.  19.  The  higher  the  speed  of  the  powder,  the 
greater  the  speed  operation  of  the  movable  plunger,  and 
consequently  the  sooner  the  magnet  release  trips  the 
shutter.  If  this  were  not  so  the  flash  might  be  over 
before  the  release  operated  and  failure  would  result. 
An  interesting  fact  indicated  by  these  tests  is  the  short 
time  required  to  trip  the  shutter  after  the  circuit  through 
the  magnet  is  closed,  namely,  0.03  second.  This  time 
is  divided  up  into  approximately  0.02  of  a  second  for 


types.  An  impor- 
tant  feature 
learned  during 
the  progress  of 
this  work  was  a 
greater  respect 
for  the  cost  of 
developing  new 
apparatus.  The 
more  certain  it 
appeared  that  the 
next  change  in 
the  pattern  of  any 
particular  item 
would  be  the  last 
one,  the  more  cer- 
tain it  would  be 
only  the  begin- 
ning of  changes. 
Each  change 
would  probably 
correct  previous 
defects,  but  would 
usually  introduce 
new  ones,  to  be  corrected  by  an  additional  change.  The 
numerous  changes  were  frequently  not  necessitated 
from  the  viewpoint  of  improved  operation,  but  on  ac- 
count of  the  desire  to  reduce  the  weight  and  simplify 
field  operation. 

I  wish  to  acknowledge  my  indebtedness  to  the  Hon.  George 
Shiras  III,  whose  numerous  articles  published  during  the  past 
six  or  eight  years  in  the  National  Geographic  Magazine  at- 
tracted my  attention  to  this  line  of  recreation  which  has  proved 
so  beneficial;  also  to  Dave  .Abercrombie,  the  sportman's  friend 
—Mr.  .Abercrombie  suggested  the  employment  of  the  energy  of 
the  exploding  flash  for  tripping  the  shutter  and  thus  gave  the 
start  which  led  to  the  correct  method  of  developing  this  ap- 
paratus ;  also  to  Mr.  L.  W.  Chubb,  who  made  very  complete 
oscillograph  tests  of  the  magnet  release. 


The  Engineering  Evolution  of  Electrical 
Apparatus— XX 

THE  HISTORY  OF  THE  ARC  LAMP-(Ca»d.) 
F.  Conrad  and  W.  A.  Darrah 


r-T-HE  metallic  flame  lamp  was  not  directly  suited  for 

I       alternating  currents,  nor   for  indoor  work,  and 

1        veTafter  its  development  the  enclosed  carbon 

arc  was   for  a  time  a  very  useful  hght  source      But 

IhJit  contributed  largely  to  ^^ture  progress    .could 

not  be  considered  a  permanent  unit  because  of  its  low 

fficiency,  from  x.5  to  .0  watts  per  mean  ^--P^;--^ 

candle-power.    The  incandescent  lamp,  as  well  as  keen 

m  etition  among  arc  lamp  manufacturers  and  ms.t- 

ent  Lmand  from  progressive  operating  men,  all  tended 

toward  the  removal  of  the  limitations  of  the  arc 

In  Eui^pe  this  situation  was  partly  met  by  what  was 
^  known    as    the    intensihed 


apply  this  information  practically.  The  period  which 
elapsed  between  Bunsen's  discovery  of  the  scientific 
principle  and  its  engineering  application  by  Bremer  is 
typical  and  in  this  case  was  due  both  to  the  absence  of  a 
demand  and  the  lack  of  means  of  applying  the  discovery. 
The  addition  of  an  impregnating  salt  to  the  carbon 
electrodes  may  be  considered  as  a  logical  development  at 
this  time,  as  the  carbon  arc  is  the  only  one  known  at  the 
present  which  will  maintain  itself  on  alternating  current 
under  commercial  conditions,  and  an  alternating-current 
lamp  which  would  equal  or  better  the  efficiencies  of  the 
metallic  flame  lamp  on  direct  current  was  in  demand. 


enclosetl    carbon    arc.    con- 
sisting of   an   arc  lamp   in 
which    the    carbons    were 
much    smaller    than    usual 
and  the  current  density  in 
the    carbons     was    about 
double  that  in  the  ordinary 
enclosed    arc    lamp.      This 
resulted  in  increased  effici- 
ency, but  at  the  expense  of 
the    carbon    life,    requiring 
increased  maintenance.   On 
account    of    its   higher    ef- 
ficiency and  white  light  this 
lamp  was  introduced  in  this 
countr)'  for  indoor  lighting 
at  about  the  same  time  that 
the  metallic  flame  lamp  was 
becoming    generally    intro- 
duced for  outdoor  lighting. 
The  efficiency  and  cost  of 
operation  of  this  lamp  were  not,  however,  sufficient  to 
enaW    it  to  meet  the  competition  of  the  more  improved 
^rm    of  incandescent  lighting.     Similarly  the  develop- 
LeTtof  larger  size,  high  efficiency  tungsten  lamps  for 
"reet  lighting  necessitated  radical  improvements  in  arc 
lamns  for  outdoor  service. 

T  order  to  get  the  proper  perspective  it  is  necessary 

to  turn  backwards  for  a  period  of  fifty  years     until 

84I)    when  Bunsen,  a  young  German  chemist,  began 

nvtiigating  the  efifects  produced  by  in-duc-g^^^^^^^ 

the  carbon  arc  various  chemical  compounds.    The  n  :me 

diate  result  of  these  experiments  was  a  considerable   n- 

c  ease  m  scientific  information  on  the  spectra  of    he 

varLs  elements,  and  also  some  advances  in  the  elec^r. 

'  furnace  and  the  electrolytic  reduction  of  metals.     Bu 

while  Bunsen  noticed  the  increase  in  brilliancy  of  the 

arc    it  remained  for  Bremer,  half  a  century  later,  to 


FIG.  47 — EARLY   BREMER 
ARC   LAMP 


48— MECHANISM    OF    WESTINGHOUSE   BREMER    ARC    LAMP 


The  year  1898  marks  the  commercialization  of  the 
flaming  arc  by  Bremer  in  the  general  form  shown  in 
Fig.  47.  The  introduction  of  this  lamp  may  be  consid- 
ered a  notable  advance  in  efficiency,  it  reaching  values 
from  0.192  to  0.421  watts  per  mean  lower  hemispherical 
candle-power.  In  the  Bremer  lamp,  and  in  most  of  its 
successors  of  this  type,  small  diameter  carbons  varying 
from  18  to  30  inches  in  length  were  employed.  The  car- 
bons were  usually  arranged  at  an  angle  of  about  30  de- 
grees with  each  other  and  usually  were  inclined  down- 
ward through  guide  tubes.  A  magnetically  operated 
clutch  mechanism  not  very  different  in  principle  from 
that  of  the  enclosed  carbon  arcs  controlled  the  feeding 
and  separation  of  the  carbons. 

These  lamps  may  be  considered  to  be  of  a  semi- 
enclosed  type,  as  the  arc  was  formed  below  the  typical 
economizer  of  the  enclosed  lamp  and  maintained  within 
a  globe  communicating  with  a  condensing  chamber  for 
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collecting  the  "soot,"  as  the  soft,  white  powder  formed 
by  boiling  away  the  mineral  contents  of  the  carbons  was 
called.  The  enclosure  of  the  lamp  was  not  sufficient, 
however,  to  give  a  carbon  life  over  twelve  to  eighteen 
hours,  and  even  with  all  precautions  taken  the  globe  be- 
came so  rapidly  covered  with  deposit  that  it  was  usually 


inU.    49 ALIAMS-EAGXAL    REGENERATIVK    ARC    LAMP 

necessary  to  clean  it  at  the  end  of  the  trim  to  make  it 
transmit  the  light  efficiently. 

The  carbons  are  perhaps  the  most  interesting  feature 
of  the  Bremer  lamp,  although  as  the  forerunner  of  a 
new  feature,  later  much  further  developed,  the  con- 
densing chamber  is  of  considerable  interest.  Two  gen- 
eral types  of  Bremer  carbons  were  used — -the  cored,  and 
the  homogeneous,  depending  upon  operating  conditions. 
The  cored  carbons  consisted  of  an  outer  shell  or  envelop 
of  ordinary  hard  carbon,  in  the  center  of  which  was 

placed  a  softer  core 
composed  essentially 
of  calcium  oxide  and 
carbon,  although 
other  materials,  such 
as  fluorides,  etc., 
were  f  r  e  q  u  e  nth- 
added.  T  h  e  solid 
homogeneous  c  a  r- 
bons  were  composed 
entirely  of  an  inti- 
mate mixture  of  car- 
bon and  mineral  ma- 
terials baked  to  a 
hard  mass.  When 
operated  in  a  lamp 
the  carbon,  which 
formed  the  con- 
ductor, was  volatil- 
ized, and  the  light- 
producing  materials 
were  volatilized  into 
the  arc.     The  result 


FIG.    50 — DRAFT    SCHEME    OF    EARLY 

ENCLOSED  LONG  BURNING  FLAME 

CARBON    ARC    LA?IP 

aa — Condenser,  bb — Arc  chamber. 
cc — Lower  condenser.  The  heat  pre- 
vents the  gases  from  condensing  on 
the  glass  at  bb.  The  long  arrow 
points  show  how  the  lighter  gases  are 
carried  by  the  air  currents  into  the 
upper  condensing  chamber.  The  short 
arrows  show  how  the  heavier  gases 
circulate  into  the  lower  section  of 
the  globe  and  condense,  leaving  the 
section  of  the  globe  surrounding  the 
arc  unobstructed. 


FIG.     51 — EARLY    LONG    BURN- 
ING FLAME  CARBON  ARC  LAMP 


was  a  very  difYerent  arc  from  that  of  Davy.  Instead 
of  a  bluish,  non-luminous  vapor  stream  between  two 
intensely  incandescent  carbon  points,  the  electrodes 
were  relatively  non-luminous,  while  the  vapor  stream 
was  the  source  of  an  intense  reddish  yellow  light.  The 
arc  was  longer  than  the 
older  arc  and  very  much 
resembled  a  flame, — hence 
the  name  flaming  arc.  The 
marked  difference  in  ap- 
pearance between  the  posi- 
tive and  negative  electrode 
was  also  absent. 

The  work  of  Bremer 
was  closely  followed  by 
that  of  Blondel,  the  differ- 
ences comprising  mainly  in 
details.  The  Blondel  lamp 
was  distinctive  in  the  con- 
struction of  the  carbons, 
which  consisted  of  several 
concentric  annular  shells, 
alternate  layers  being  hard 
carbon  and  mineral  ma- 
terial, respectively.  The 
carbons,  being  relatively 
large  in  diameter  and  12  to 
14  inches  long,  were  ar- 
ranged vertically,  one  above 
the  other,  after  the  manner  of  the  enclosed  carbon 
lamps. 

Many  different  forms  of  the  flame  carbon  lamp  were 
developed  in  Europe  and  were  introduced  to  a  limited 
extent  in  this  couti- 
try,  practically  a  1 1 
having  the  inclined 
V  carbons,  which 
necessitated  a  focus- 
ing mechanism 
which  would  feed 
both  carbons  at  the 
same  rate.  The 
mechanism  of  these 
lamps  was  ingeni- 
ous, and  in  some 
cases  quite  compli- 
cated, including  a 
r  e  v  e  r  sion  to  the 
earlier  forms  of 
gravity  o  p  e  r  ated, 
clock  -  fed  mechan- 
isms, while  in  one 
form  the  mechan- 
ism was  actuated  by 
a  small  motor  in  the  top  of  the  lamp.  Excessive  main- 
tenance charges  prevented  the  general  introduction  of 
this  type  of  lamp  in  this  country. 

Nearly  all  of  the  early  lamps  carried  with  their  re- 
markable improvements  at  least  two  troubles  which  were 


'-..   52 — SCHEMATIC  DIAGRAM   OF 

;.\EAK    FEED    MECHANISM    OF 

LAMP  SHOWN   IN   FIG.  5I 
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new  to  arc  lamp  users.  These  were  due  to  the  presence 
in  the  carbon  of  the  relatively  infusible,  non-conducting 
oxides  which  were  added  to  increase  the  luminosity  of 
the  arc.  The  consumption  of  the  carbons  resulted  in 
fusing  these  compounds,  which  ran  down  the  sides  of 


"^^ 


FIGS.  S3  and  54 — mechanism  of  constant-current  and  con- 
stant  POTENTIAL  ALTERNATING-CURRENT   LONG   BURNING 
FLAME  CARBON   ARC  LAMP 

the  carbons,  forming  glassy  insulating  beads  which  pre- 
vented the  carbons  from  coming  into  contact  when  the 
lamp  was  extinguished,  and  thus  preventing  them  from 
restarting  without  attention.  The  second  problem  in- 
troduced by  the  new  carbons  was  the  disposal  of  the 
volatilized  mineral   matter.     If   this   were   allowed   to 


soon  discovered  that  a  part  of  the  soot  could  be  con- 
densed by  causing  the  gases  from  the  arc  to  pass  over  a 
cool  surface,  with  the  result  that  a  metal  chamber  was 
eventually  provided  through  which  the  gases  were 
passed  before  escaping  to  the  outside  air.  This  reduced 
the  trouble  to  a  bearable  degree,  but  its  presence  was  re- 
sponsible for  the  next  step  in  flame  carbon  development. 
This  was  the  so-called  regenerative  lamp  placed  upon 
the  American  mar- 
ket by  the  Adams- 
Bagnall  Company. 

The  regenerative 
lamp  was  based  on 
the  theory,  proven 
by  events  to  be  more 
ingenious  than  prac- 
tical, that  if  the 
space  above  the  arc 
were  connected  with 
the  space  below  the 
arc  by  a  metal  pass- 
age, a  portion  of  the 
soot  would  be  condensed  by  the  tubes,  the  globe  would 
stay  clean,  and  a  portion  of  the  soot  and  gases  would  be 
used  again  and  again.  This  development  in  turn  gave 
place  to  the  enclosed  flame  carbon  arc  lamp,  which  is  at 
present  the  most  efficient  and  economical  lamp  available. 

The  enclosed  flame  arc  lamp,  like  all  of  its  prede- 
cessors, is  the  result  of  the  combined  efforts  of  many 
men,  but  it  is  probable  that  Tito  L.  Carbone,  of  France, 
has  contributed  more  largely  than  any  other  man  to  its 
development.  Carbone  found  that  the  soot,  when  pres- 
ent in  large  quantities,  would  deposit  on  the  surfaces 
with  which  it  first  came  into  contact,  but  that  when  the 
amount  of  soot  in  the  circulating  gases  had  been  reduced 
by  allowing  a  portion  to  deposit  out,  the  remainder 


FIG.  55  FIG.  56 

Fig.  55 — Modern  Westinghouse  long-life  flame  carbon  arc  lamp. 

Fig.  56 — Schematic  diagram  of  arc  lamp  mechanism 

and  connections. 

escape  freely  (as  it  frequently  did)  the  dense  white 
choking  fumes  turned  its  strongest  advocate  against  the 
lamp.  If  an  attempt  were  made  to  hold  it  within  the 
lamp  it  rapidly  settled  upon  the  globe,  absorbing  so  much 
of  the  light  that  the  boasted  efficiency  was  lost.    It  was 


FIG.  57 — DIAGRAM  OF  GLOBE,  ARC  CHAM- 
BER AND  CONDENSER 


FIG.    58 — ILLUMINATION    CURTOS    OF    ARC    LAMPS 

a         si  s  si  s       s  1  s  ~- 
_     .    I   _     |s| |s|s  s|Sg  t 

Lamp  I   .1      I     =2    .i.-^ft^lll^lll 

I  I  g|t  s  il  ill  illsiiil  g 

A  Direct  Current,  Open  .\ic 9.6  50  47  ..  480  813  1.70  0.59  % 

B  Direct  Current.  Enclosed  .\re....!    .6  75  71  ..  495  482  1.03  0.97  H 

C  A.  C.  Enclosed  Arc 6.6  76  72  82  411  240  0.565  1.77  H 

D  D.C.  Metallic  Flame  .\rc 4.0  68  66  . .  272  495  1.82  0.55  M 

E  D.  C.  Metallic  Flame  Arc 6.6  68  66  . .  450  9S0  2.18  0.459  J4 

F  A.  0.  Flame  Carbon  (White)  Arc. 10.0  53  47  84  445  1400  3.12  0.317  H 

would  not  readily  condense  on  a  hot  surface.  To  take 
advantage  of  these  principles  he  provided  the  flame 
carbon  lamp  with  a  flat,  disc-shaped  metal  chamber,  as 
shown  in  Fig.  50,  and  so  placed  on  the  arc  that  the 
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heated  gases  in  rising  upward  passed  into  this  "con- 
densing chamber."  He  then  provided  a  surrounding 
globe  for  the  arc,  so  shaped  that  the  portion  adjacent  to 
the  arc,  and  through  which  the  useful  light  passed,  was 
kept  very  warm,  while  the  lower  portion  of  the  globe 
was  allowed  to  become  somewhat  cooler.  The  construc- 
tion whereby  this  was  accomplished  is  shown  in  Figs.  50 
and  51,  which  also  illustrates  one  of  the  early  commer- 
cial forms  in  which  this  lamp  was  placed  upon  the  mar- 
ket. The  lamp  is  interesting  as  illustrating  a  reversion 
to  the  clockwork  feed,  as  shown  in  Figs.  52,  53  and  54. 
It  was  soon  found  that  various  detailed  improve- 
ments could  be  made  in  the  Carbone  type  of  lamp,  and 
the  ne.xt  development  (about  191 1)  was  the  general  type 
of  lamp  shown  in  Figs.  55  and  56.  In  this  lamp  one  of 
the  distinctive  advances  is  the  globe  enclosing  the  arc, 
which  is  maintained  at  the  proper  temperature  by  sur- 
rounding it  with  an  outer 
globe  to  shield  it  from  air 
currents.  The  result  is  a 
greatly  reduced  deposit  of 
soot  on  the  inner  globe, 
resulting  in  a  much  higher 
light  efficiency.  Since  in 
this  lamp  the  arc  is  care- 
fully enclosed  to  prevent 
the  access  of  air,  the  life 
I  if  the  carbons  is  long,  in 
some  cases  being  130 
hours  per  trim.  In  order 
to  maintain  the  arc  in  the 
same  position,  a  focusing 
mechanism  is  used,  thus 
insuring  that  the  arc  will 
always  be  so  located  that 
the  useful  light  can  pass 
out  through  the  soot- free 
portion  of  the  inner  globe. 
The  genei'al  principles  of 
the  ventilation  of  the  lamp 
are  shown  in  Fig.  57.  It 
was  found  that  the  proper  design  of  the  devices  for  dis- 
posing of  the  soot,  together  with  rapid  progress  by  both 
American  and  European  carbon  manufacturers,  resulted 
in  a  very  material  reduction  of  all  troubles  due  to  the 
presence  of  the  mineral  material,  so  that  today  trouble 
of  this  kind  may  be  considered  a  thing  of  the  past. 

It  is  interesting  to  trace  in  this  modern  lamp  the 
influence  of  earlier  types  in  the  course  of  development. 
The  regulating  magnets,  the  chain  wheel  support,  the 
ring  carbon  clutch  for  holding  and  feeding  the  carbons, 
the  economizer  and,  in  fact,  all  of  the  essential  details, 
have  proven  reliable  during  the  development  in  the  past. 
The  development  of  the  arc  lamp  as  an  illuminating 
agent  is  shown  by  the  comparative  curves  of  Fig.  58. 
A  comparison  of  these  curves  shows  that  the  change 
from  the  open  carbon  arc  to  the  enclosed  carbon  arc  was 
a  distinct  downward  step  as  far  as  light-giving  charac- 
teristics are  concerned,  although  justified,  as  previously 


FIG.   59 — ORNAMENTAL  POST  TYPE 
FRAME    CARBON    ARC    LAMP 


explained,  by  economic  considerations.  The  metallic 
flame  lamp  restored  the  arc  lamp  to  about  its  original 
status  as  a  source  of  illumination,  but  with  much  im- 
proved efficiency,  while  the  flame  carbon  lamp  marks  a 
distinctive  step  in  advance  from  the  standpoint  of  both 
illumination  and  efficiency. 

Arc  lamp  design  has  been  controlled  by  many  forces. 
Not  only  has  it  been  true  that  scientific  and  engineering 
progress  has  forced  the  development, 
and  the  growth  of  other  light  units 
driven  it  forward,  but  political  and 
aesthetic  conditions  have  contributed  to 
the  progress.  Thus  we  find  that,  as  the 
movement  for  civic  improvement  has 
advanced  and  municipalities  have  de- 
manded more  and  better  light,  the  de- 
mand has  been  met  by  lamp  designers. 
As  the  larger  communities  have  de- 
manded a  more  ornamental  unit,  more 
in  keeping  with  the  requirements  of 
the  art  commissions,  which  play  no 
small  part  today  in  city  planning,  new 
types  have  been  developed.  One  re- 
sult of  the  growth  of  interest  in  an 
ornamental  lamp  has  been  the  devel- 
opment of  the  inverted  post  type  lamp 
shown  in  Fig.  59.  This  lamp  is  pro- 
vided with  substantially  the  same 
mechanism  as  the  pendant  type,  but  is 
arranged  for  mounting  on  pillars  or 
brackets  with  overhead  support  or  ex- 
ternal connections,  thus  lending  itself 
well  to  various  architectural  require- 
ments. .\  similar  lamp  for  pillar 
mounting  is  shown  in  Fig.  60. 

The  development  of  the  arc  lamp 
has  been  characterized  by  more  activ- 
ity, more  radical  innovations,  and  the 
way  has  been  strewn  with  more  relics 
than  almost  any  other  type  of  elec- 
trical apparatus.  At  some  periods  de- 
\clopment  has  lieen  retarded  for  dec- 
ades by  the  lack  of  a  necessary  link  in 
the  complete  system  or  commercial  or 
financial  conditions,  while  at  other 
periods  progress  has  been  made  with 
rapid  strides. 

The  arc  lamp,  more  than  any  other 
piece  of  electrical  apparatus,  is  very 
dependent  on  allied  branches  of  engi- 
neering. The  carbon  industry,  the 
manufacture  of  porcelain,  of  glass,  of 
alloys  of  all  kinds  and  the  production 
of  various  chemicals,  all  have  had  a 
controlling  influence  on  the  develop- 
ment of  the  arc  lamp.  In  spite  of  the  many  factors  which 
require  consideration,  the  arc  lamp  has  become  a  very 
important  piece  of  electrical  apparatus,  and  there  is  rea- 
son to  expect  continued  developixient  in  the  future.. 
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Operating  Experiences  on  the  Erie  R.  R. 

SOME  NOTES  ON  THE  OVERHEAD  CONSTRUCTION  OF  THE  ROCHESTER  DIVISION 

R.  C.  Thurston 


ONE  of  the  first  instances  in  which  a  steam  rail- 
road electrified  one  of  its  own  feeder  lines  was 
the  34  mile  branch  of  the  Erie  Railroad  between 
Mount  Morris  and  Rochester,  New  York.  When  this 
installation  was  installed  in  1906  the  art  of  designing 
the  overhead  contact  system  for  high-voltage  work  was 
in  its  infancy  and  many  things  were  thought  proper  then 
that  would  not  be  considered  now.  The  defects  did  not 
develop  at  once,  but  did  from  time  to  time.  One  of  the 
first  was  the  electrical  breakdown  of  some  composition 
insulators  used  as  dead  ends.  Mechanically  the  dead 
ends  were  perfect,  but  after  some  months  of  service 
.weather  cracks  developed  which  would  allow  water  to 


steady  braces  on  the  line,  except  on  curves,  and  it  was 
thought  that  with  the  addition  of  one  steady  brace  on 
every  third  pole  (one  every  360  feet)  on  tangents  the 
line  would  be  secure  from  like  trouble  in  the  future. 
But  it  was  found  that  in  the  summer,  when  the  line  was 
slack  due  to  expansion,  the  same  trouble  developed.  It 
was  then  decided  to  brace  the  line  at  every  pole,  which 
was  done.  It  might  not  be  expedient  to  do  this  on 
future  work,  as  the  additional  insulators  make  additional 
points  of  possible  breakdown. 

This  1 1  000  volt  line  is  of  single  catenary  construc- 
tion, 7/16  inch  steel  stranded  messenger  wire  and  3/0 
hard-drawn  copper  contact  wire.     The  spacing  rods  are 
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penetrate  the  interior  of  the  insulator.  It  was  no  un- 
usual thing  for  two  to  four  to  become  defective  at  the 
same  time.  This  was  remedied  by  removing  all  insu- 
lators of  this  type  and  installing  porcelain,  from  which 
there  has  been  but  little  trouble,  due  probably  to  the  fact 
that,  wherever  possible,  two  20  000  volt  insulators  were 
put  in  series  in  place  of  one  composition  insulator. 

Trouble  was  also  experienced  due  to  high  wind, 
which  is  quite  prevalent  at  certain  seasons ;  the  pressure 
of  the  pantograph  against  the  wire  (about  eight  pounds) 
was  not  enough  to  cause  a  shoe  to  hit  the  crossarm,  but  a 
west  wind  striking  a  north  or  south  bound  car  would 
cause  it  to  roll  toward  the  east.  The  wind  also  would 
have  a  tendency  to  blow  the  wire  in  the  same  direction. 
The  two  conditions  combined  would  allow  the  panto- 
graph to  rise  too  high  so  that  it  would  strike  the  cross- 
arm,  with  consequent  delay  due  to  a  crippled  car  and 
sometimes  to  a  grounded  line.    Originally  there  were  no 


of  5/8  inch  round  iron,  with  trolley  and  messenger 
clamps  of  twin  pieces  of  cast  iron  with  cups  and  lock 
nuts.  The  longest  spacing  rod  measures  15.5  inches 
from  the  center  of  the  messenger  to  the  groove  of  the 
trolley  wire,  weighs  four  pounds  and  is  within  five  feet 
of  the  supporting  insulator  on  the  crossarm.  After 
three  or  four  years  of  service  the  wire  commenced  to 
break,  usually  at  the  longest  hanger.  This  was  due,  it 
was  thought,  to  the  weight  and  the  fact  that  tempera- 
ture did  not  affect  the  copper  and  steel  equally,  so  that 
the  spacing  rod  would  tilt  to  form  a  high  spot  in  the  con- 
tact wire,  which  became  crystallized  and  finally  broke 
from  the  hammer  blows  of  the  shoe.  The  trouble  in- 
creased to  such  a  proportion  that  it  was  decided  to  in- 
stall a  steel  contact  wire  directly  under  and  attached  to 
the  original  copper  by  clamps.  As  all  of  this  work  had 
to  be  done  at  night,  it  was  necessary  that  care  should  be 
taken  to  foresee  and  prepare  for  the  work  so  that  there 
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would  be  as  little  delay  as  possible,  as  there  was  usually 
only  seven  or  eight  hours  per  night  when  the  line  could 
be  worked  upon,  and  part  of  that  time  might  be  taken 
to  allow  freight  trains  to  pass.  This  time  was  divided 
from  9:00  P.  M.  to  10:10  P.  M.,  then  from  12:10  A.  M. 
to  6:00  or  6:30  A.  M.  No.  000  grooved  steel  con- 
tact wire  was  used  of  13 
percent    conductivity,    and  ,   , 

new  spacing  clips  were  in- 
stalled every  ten  feet,  mid- 
way between  the  old  spac- 
ing rods.  The  clips  were 
composed  of  two  castings 
with  one  one-half  inch  car- 
riage bolt  and  a  hexagonal 
nut  and  lock  washer.  A 
bolt  was  used  instead  of  the 
two  screws  originally  pro- 
posed, to  save  time,  as  the 
work  had  to  be  done  in 
poor  light  and  much  time 
might  be  lost  in  searching 
for  the  screw  slots.  Crank 
socket  wrenches  were  pro- 
vided, with  the  result  that 
a  clamp  could  be  installed 
and  tightened  while  the 
work  train  was  moving. 

The  work  was  started 
the  first  night  at  12  :30  A. 
M.,  with  a  work  train  con- 
sisting of  an  engine,  a  flat 
car  upon  which  were 
mounted  the  spools  of  wire, 
a  pole  for  raising  the  wire, 
and  spare  tools,  and  a  tower  car  with  a  deck  about  30 
feet  long,  a  train  crew  and  five  workmen,  including  the 
leader.  A  permanent  connection  was  made  between  the 
new  steel  wire  and  the  old  wire,  then  the  new  was  run 
out  and  hooked  to  the  messenger  wire  with  "S"  hooks. 
Two    pulls    were    made    one-half    mile    apart    and    the 


free  end  of  the  wire  was  clamped  securely  to  the  mes- 
senger wire.  The  clipping  in  was  then  done,  and  the 
first  mile  was  three-quarters  completed  the  first  night. 
The  second  night  two  miles  were  run  out  and  hooked  up 
so  that  only  clipping  in  should  be  done  during  the  short 
space  of  time  allowed  before  midnight. 

It  was  estimated  that 
this  work  would  cost  about 
$12  000  for  the  34  miles  of 
main  track  and  about  three 
miles  of  sidings  and  yards, 
the  cost  to  cover  renewals 
of  deflectors  or  their  ad- 
justment to  the  level  of  the 
new  wire.  The  actual  cost 
was  as  follows  : — 

Material $  8176.24 

Labor 1036.60 

Work  Train  and  Crew  1818.46 
Supervising — 

Engineering 301.12 


$11332.42 
The  new  wire  has  cured 
the  trouble  of  broken  wire, 
but  has  decreased  the  life 
of  pantograph  shoes  to 
about  2500  miles. 

A  slight  mistake  was 
made  in  the  design  of  the 
spacing  clips  for  clamping 
the  new  steel  trolley  wire, 
inasmuch  as  it  was  ex- 
pected that  the  clips  would 
clamp  the  new  wire  se- 
curely and  be  free  to  slide 
on  the  old  copper  wire,  so 
that  there  would  be  the  automatic  adjustment  nec- 
essary to  temperature  variation.  But  the  bolt  allowed 
the  clamps  to  be  pulled  up  too  far,  so  that  quite  often 
both  wires  would  be  clamped  tight  and  thus  prevent 
the  adjustment.  This  could  be  taken  care  of  in  any 
future  work. 


-TYPIC.M.    C.MENARY    CONSTRUCTION    ON    THE   ERIE 
ELECTRIFICATION 


Flashing  in  Direct-Current  Machines' 


B.  G.  L.AMME, 

Chief  Engineer, 

Westinghouse  Electric  &  Mfg.  Company 


ONE  of  the  limits  in  commutating  machinery  is 
flashing.  Different  kinds  of  flashes  may  arise 
from  radically  different  causes,  some  of  which 
may  be  normally  present  in  the  machine,  while  others 
may  be  of  an  accidental  nature.  Whatever  the  initial 
cause,  the  flash  itself  means  vaporized  conducting  ma- 
terial.    If  the  heat  developed  by  or  in  this  vapor  arc  is 


*Based  on  a  paper  read  before  the  American  Institute  of 
Electrical  Engineers,  Sept.,  1915- 


sufficient  to  vaporize  more  conducting  material,  then  the 
arc  or  flash  will  grow  or  continue.  Thus,  true  flashing 
should  be  associated  with  vaporization  and,  in  many 
cases,  in  order  to  get  at  the  initial  cause  of  flashing,  it 
is  only  necessary  to  find  the  initial  cause  of  vaporization. 

ARCS   BETWEEN  ADJACENT  COMMUTATOR  BARS 

A  not  uncommon  condition  on  commutators  in  oper- 
ation is  a  belt  of  incandescent  material  around  the  com- 
mutator, usually  known  as  "ring  fire."     This  is  really 
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incandescent  material  between  adjacent  bars,  such  as 
carbon  or  graphite,  scraped  off  the  brush  faces,  usually 
by  the  mica  between  bars.  These  particles  are  conduct- 
ing and,  if  there  is  sufficient  voltage  and  current  to  bring 
them  up  to  incandescence,  this  shows  as  a  streak  of  fire 
around  the  commutator.  In  many  cases,  by  its  different 
intensities  around  the  commutator,  this  ring  fire  shows 
the  density  of  the  field  flux,  or  the  e.m.f.  distribution 
around  the  machine.  It  is  practically  zero  in  the  com- 
mutating  zone  and  shows  plainly  under  the  main  field. 
In  loaded  machines,  this  often  indicates  roughly  the  flux 
distortion. 

With  undercut  commutators  ring  fire  is  also  observ- 
able at  times,  due  to  conducting  particles  in  the  slots 
between  bars.  Usually  such  particles  consist  of  carbon 
or  graphite,  but  particles  of  copper  may  also  be  present. 
Also,  oil  or  grease,  mixed  with  carbon,  will  carbonize, 
and  thus  add  to  the  ring  fire.  Often  when  a  commutator 
is  rubbed  with  an  oiled  cloth  or  wiper,  ring  fire  will 
show  very  plainly,  and  then  gradually  die  down.  The 
burning  oil  exaggerates  the  action,  and  also,  the  oil  itself 
may  enable  a  conducting  coating  to  adhere  to  the  mica 
edges,  thus  starting  the  action,  which  disappears  when 
the  oil  film  is  burned  away.  However,  when  the  oil  can 
penetrate  the  mica,  the  incandescence  may  continue  in 
spots,  the  mica  being  burned  away.  This  is  the  action 
usually  called  "pitting,"  which  is  almost  invariably 
caused  by  conducting  material  in  the  mica,  such  as  car- 
bonized oil,  carbonized  binding  material,  copper  and  car- 
bon particles. 

Ring  fire  is  not  always  a  direct  function  of  the  volt- 
age between  bars,  although,  under  exactly  equivalent 
conditions  of  speed,  grade  of  brushes,  etc.,  it  is  closely 
allied  with  voltage  conditions.  In  high  voltage  ma- 
chines, hard  high-resistance  brushes  are  used,  which 
tend  to  give  off  the  least  carboa  in  the  form  of  particles. 
In  low  voltage  machines,  soft,  low-resistance  brushes, 
containing  a  good  percentage  of  graphite,  are  common, 
and  these  naturally  tend  to  coat  the  mica  to  a  greater 
extent.  Under  extreme  conditions,  ring  fire  may  be- 
come so  intense  locally  that  there  is  an  actual  arc 
formed  between  two  adjacent  bars,  due  to  vaporization 
of  the  copper.  This  may  show  in  the  form  of  minute 
copper  beads  at  the  edge  of  the  bar.  In  extreme  cases 
conical-shaped  cavities  or  holes  may  be  burned  in  the 
copper.  In  such  cases  the  arc  is  usually  explosive,  re-, 
sembling  somewhat  a  small  "buck-over."  Part  of  the 
missing  copper  has  been  vaporized  by  the  arc,  while  part 
may  have  become  so  softened  or  fused  that  it  is  thrown 
off  by  centrifugal  force.  Experience  shows  that  some- 
times these  explosives  arcs  grow  into  general  flashes, 
while  at  other  times  they  are  purely  local. 

Extended  studies  have  been  made  of  such  arcs  to 
determine  the  conditions  which  produce  them.  Numer- 
ous tests  have  also  been  made  under  the  writer's  super- 
visions, the  results  of  which  are  given  below. 

It  was  determined  first  that  explosive  arcs  between 
adjacent  bars  were  dependent  upon  fairly  high  voltage 
between  bars.    It  was  also  found  that  a  voltage  between 


bars  which  would  produce  arcs  in  one  case  would  not 
do  so  in  another.  Apparently  there  were  other  con- 
trolling conditions.  It  developed  that  the  resistance  of 
the  armature  winding  between  two  adjacent  bars  has 
much  to  do  with  the  arc.  .Apparently  an  excessive  cur- 
rent is  necessary  to  melt  a  small  chunk  out  of  a  mass 
of  good  heat-conducting  material  like  copper ;  and  also, 
a  certain  amount  of  time  is  required  to  bring  it  up  to  the 
melting  point.  Therefore,  both  time  and  current  are 
involved,  as  well  as  voltage. 

The  commutator  of  a  high-speed,  20  kw  machine 
was  sprinkled  with  iron  filings,  fine  dust,  etc.,  during 
several  days'  operation  under  various  conditions  of  load, 
field  distortion,  etc.  Such  dust,  whether  conducting  or 
not,  apparently  would  not  cause  arcing  between  bars. 
Graphite  was  finally  applied  with  a  special  "wiper,"  and 
with  this  small  arcs  or  flashes  could  be  produced  at  50  to 
60  volts  maximum  between  commutator  bars.  It  soon 
became  evident  that  this  was  too  small  a  machine  from 
which  to  draw  conclusions.  Then  other  larger  gener- 
ators were  tested.  A  200  kw,  250  volt,  slow-speed  gen- 
erator was  speeded  up  to  about  double  speed,  in  order 
to  obtain  sufficiently  high  e.m.f.  between  commutator 
bars.  With  a  clean  commutator  nothing  was  obtained  at 
40  volts  maximum  per  bar.  The  commutator  was  then 
wiped  with  a  piece  of  oily  waste  which  had  been  used  to 
wipe  off  other  commutators.  Arcs  then  occurred  re- 
jjeatedly  between  commutator  bars,  although  all  such 
arcs  were  confined  to  adjacent  bars  and  there  were  no 
actual  flashovers.  Moreover,  the  arcs  always  appeared 
to  start  about  midway  between  neutral  points,  and  lasted 
only  until  the  next  neutral  point  was  reached.  Quite 
large  pits  were  burned  in  the  bars  next  to  the  jnica,  some 
of  these  being  possibly  one-fourth  inch  in  width  and 
one-sixteenth  inch  deep.  This  indicated  excessively 
large  currents.  These  arcs  would  develop  at  about  32 
to  34  volts  between  bars,  and  they  were  explosive  above 
35  volts. 

Still  larger  machines  were  tested  at  various  speeds, 
voltages,  etc.  It  was  found  that,  as  a  rule,  the  larger 
the  machine,  or  rather,  the  lower  the  resistance  of  the 
armature  winding  per  bar,  the  lower  would  be  the  volt- 
age at  which  serious  arcing  would  develop.  In  these 
tests  it  was  found  that  graphite  mixed  with  grease  gave 
the  most  sensitive  arcing  conditions. 

No  arcing  between  bars  developed  at  less  than  28 
volts  maximum,  while  30  volts  was  approximately  the 
limit  on  many  machines.  However,  the  results  varied 
with  the  speed.  Apparently  it  took  a  certain  time  to 
raise  the  incandescent  material  to  the  arcing  point  and  to 
build  up  a  big  arc.  Therefore,  the  duration  of  the  pos- 
sible arcing  period  appeared  to  be  involved.  If  this 
were  so,  then  a  higher  voltage  limit  for  a  shorter  time 
should  be  possible  with  the  same  arcing  tendency.  Also, 
if  this  were  the  case,  then  with  30  volts  maximum,  for 
instance,  with  an  undistorted  field  flux,  the  arcing 
should  be  the  same  as  with  a  somewhat  higher  voltage 
with  a  highly  distorted  narrow  peaked  field.  In  other 
words,  the  limiting  voltage  between  bars  on  a  loaded  ma- 
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chine  might  be  somewhat  highei"  than  on  an  unloaded 
machine.  This  was  actually  found  to  be  the  case,  the 
difference  being  from  lo  to  15  percent,  depending  upon 
various  limiting  conditions  such  as  the  actual  period 
within  which  the  arc  could  build  up  to  a  destructive 
[loint,  etc. 

One  interesting  case  developed  which  apparently 
illustrated  the  effects  of  lengthening  or  shortening  the 
period  during  which  the  arc  could  occur.  A  high-speed, 
600  volt  generator  was  at  about  60  percent  above  normal 
speed.  Even  at  normal  speed  this  was  a  rather  high 
frequency  machine,  so  that  the  period  of  time  for  a 
commutator  bar  to  pass  from  neutral  point  to  neutral 
point  was  very  short.  At  the  highest  speed  the  graphite 
grease  was  used  liberally  oh  the  commutator,  but  with- 
out causing  arcing,  even  when  the  voltage  was  raised 
considerably  higher  than  usually  required  for  producing 
arcs  between  bars  in  other  machines  of  similar  size. 
Neither  was  there  much  ring  iire  at  the  highest  speed 
with  normal  voltage.  Finally,  after  an  application  of 
graphite,  without  forming  arcs  or  unusual  ring  fire,  the 
speed  was  reduced  gradually  with  normal  voltage  main- 
tained. The  ring  fire  increased  with  decrease  in  speed, 
until  at  about  normal  speed  it  was  so  excessive  that  the 
onlookers  expected  an  explosion  of  some  sort.  How- 
ever, the  voltage  was  now  below  the  normal  arcing  point 
and  nothing  happened.  At  still  lower  speed,  but  with 
reduced  voltage  on  account  of  saturation,  the  ring  fire 
gradually  decreased.  Apparently  at  the  very  high  speeds 
the  time  was  too  short  for  the  ring  fire  to  reach  its  maxi- 
mum ;  while  with  reduction  in  speed,  even  with  some- 
what reduced  voltage,  the  ring  fire  increased  to  a  maxi- 
mum and  then  decreased.  This  test  was  continued  suf- 
ficiently to  be  sure  that  it  was  not  an  accidental  case. 
Only  a  certain  combination  of  speed,  frequency,  voltage, 
etc.,  could  develop  this  peculiar  condition,  and  it  was 
purely  by  accident  that  this  combination  was  obtained, 
for  the  result  was  not  foreseen  in  selecting  the  particular 
machine  used. 

A  summation  of  these  and  other  tests  led  to  the  con- 
clusion that  there  were  definite  limits  to  the  maximum 
voltage  per  bar  beyond  which  it  was  not  safe  to  go. 
These  limits,  however,  involved  such  a  number  of  con- 
ditions that  no  fixed  rule  could  be  established.  The 
grades  and  materials  of  the  brushes,  the  thickness  of  the 
mica,  flux  distortion  from  overloads,  etc.,  must  be  taken 
into  account. 

The  general  conclusions  were  that  with  1/32  inch 
mica  large  current  machines  would  very  rarely  flash 
with  28  volts  maximum  between  bars ;  while  with  mod- 
erate capacities  30  volts  is  about  the  lower  limit ;  and 
with  still  smaller  machines,  100  kw  for  example,  this 
might  be  as  high  as  33  to  35  volts,  the  limit  rising  to  50 
or  60  volts  .with  very  small  machines.  Of  course,  the 
brush  conditions  have  something  to  do  with  the  above 
limits,  and  exceptions  to  these  figures  will  be  found  in 
actual  practice.  Many  machines  are  in  daily  service 
which  are  subject  to  more  or  less  ring  fire,  but  which 
have  never  developed  trouble  of  this  sort,  and  doubtless 


never  will.  Apparenll)-  ring  tire  is  not  harmful  in  itself; 
it  is  only  where  it  starts  some  other  trouble  that  it  may 
be  considered  as  actually  objectionable. 

The  above  limiting  figures  are  interesting  when  com- 
pared with  the  voltages  necessary  to  establish  arcs  in 
general.  Usually  an  alternating  arc  through  air  will  not 
maintain  itself  at  less  than  some  limiting  voltage  such 
as  20  to  25  volts,  corresponding  to  peak  values  of  28  to 
35  volts.  Moreover,  an  arc  formed  between  the  edges 
of  two  insulated  bodies,  such  as  adjacent  commutator 
bars,  will  naturally  tend  to  rupture  itself,  due  to  the 
shape  of  its  path.  Furthermore,  the  resistance  and  re- 
actance of  the  short-circuited  path,  while  comparatively 
low  in  large  machines,  will  tend  to  limit  the  voltage 
which  maintains  the  arc.  In  small  machines  with  rela- 
tively high  internal  drops  in  the  short-circuited  coils,  the 
current  will  not  reach  a  commutator  vaporizing  value 
unless  the  initial  voltage  between  bars  is  comparatively 
high,  and  usually  the  explosive  actions  are  relatively 
small  and,  in  many  cases,  no  serious  arcs  will  develop 
at  all.  Obviously,  the  less  the  local  current  can  increase 
in  the  case  of  short  circuits  between  adjacent  bars,  the 
higher  the  voltage  between  bars  can  be  without  danger. 
In  machines  having  inherent  constant-current  character- 
istics, very  high  voltages  between  adjacent  commutator 
bars  are  possible  without  serious  flashing  or  burning. 

In  view  of  the  fact  that  small  arcs  of  a  non-explosive 
sort  may  form  at  voltages  considerably  lower  than  the 
limits  given,  it  should  be  considered  whether  such  small 
arcs  can  cause  any  trouble  if  no  other  live  parts  of  the 
machine  are  in  close  proximity.  One  case  should  be 
considered,  namely,  that  of  other  commutator  bars  adja- 
cent to  the  arc.  When  conducting  vapor  is  formed  by 
the  first  minute  arc,  this  vapor  in  spreading  out  may 
bridge  across  a  number  of  commutator  bars  having  a 
much  higher  total  difference  of  potential  across  them 
than  that  which  caused  the  initial  arc.  Assume,  for 
instance,  a  very  crowded  design  of  high-voltage  com- 
mutator. In  some  cases,  in  order  to  use  high  rotative 
speeds,  without  unduly  high  commutator  peripheral 
speed,  the  commutator  bars  are  made  very  thin  and  the 
voltage  per  bar  very  high,  possibly  up  almost  to  the  limit. 
Assuming  five  bars  per  inch  and  a  maximum  of  25 
volts  per  bar,  then  there  is  an  e.m.f.  of  125  volts  per 
inch  circumference  of  the  commutator.  In  such  case  a 
small  arc  between  two  bars  may  result  in  bridging 
across  a  comparatively  high  voltage  through  the  result- 
ing copper  vapor.  Therefore,  when  considering  the  pos- 
sible harmful  effects  of  minute  arcs,  the  voltage  per  inch 
of  commutator  should  be  taken  into  consideration.  The 
writer  observed  one  high-voltage  commutator  which 
flashed  viciously  at  times,  apparently  without  "provoca- 
tion." The  only  explanation  he  could  find  was  that  the 
vapor  from  little  arcs  resulting  from  ring  fire  was  suf- 
ficient to  spread  all  over  the  commutator,  the  bars  being 
very  thin  and  the  voltage  per  bar  very  high.  However, 
difficulties  from  this  cause  have  not  yet  become  serious, 
probably  because  no  one  has  yet  carried  such  construc- 
tions to  the  extreme  in  practical  work. 
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High  voltage  between  commutator  bars  may  result  in 
flashing  due  to  other  than  normal  operating  conditions. 
Excessive  overloads  may  give  such  high  voltages  per 
armature  coil  or  per  commutator  bar,  immediately  under 
the  brush,  that  the  terrific  current  rush  will  develop  con- 
ducting vapors  under  the  brush,  which  appear  immedi- 
ately in  front  of  the  brushes,  as  such  vapors  naturally 
are  carried  forward  by  rotation  of  the  commutator. 
This  short-circuit  condition  under  the  brush  has  already 
been  referred  to  when  treating  of  commutation  limits. 
It  was  shown  that  an  inherent  short-circuit  voltage  of 
4  to  4.5  volts  is  permissible  in  good  practice.  Immedi- 
ately under  the  commutating  pole  this  voltage  is  practi- 
cally neutralized  by  the  commutating  pole  field,  but  im- 
mediately ahead  or  behind  the  pole  it  is  not  neutrahzed 
usually,  except  to  the  extent  of  the  commutating  pole 
flux  fringe.  Thus  the  resultant  voltage  between  two 
bars  a  little  distance  ahead  of  the  brush  is  liable  to  be 
considerably  higher  than  under  the  brush.  Assuming, 
for  instance,  3.5  volts  per  bar,  due  to  cutting  the  result- 
ant field  just  ahead  of  the  brush,  then  with  ten  times 
full-load  current,  for  example,  there  would  be  35  volts 
between  bars,  and  this  is  liable  to  be  accompanied  by 
highly  conducting  vapor  formed  by  the  excessive  cur- 
rent at  the  brush  contact,  this  vapor  being  carried  for- 
ward by  rotation  of  the  commutator.  Here  are  the  con- 
ditions for  a  flash,  which  may  or  may  not  bridge  across 
to  some  other  live  part.  If  the  current  rush  is  not  too 
great  this  flash  will  usually  appear  only  as  a  momentary 
blaze  just  in  front  of  the  brush.  In  many  cases,  if  this 
blaze  or  heavy  arc  were  not  allowed  to  come  in  contact 
with,  or  bridge  between,  any  parts  having  high  dift'er- 
ence  of  potential,  it  would  not  be  particularly  harmful. 
In  case  of  "dead  short-circuiting"  of  large  moderately 
high-voltage  machines  where  the  current  can  rise  to  25 
or  30  times  normal,  it  is  astonishing  how  large  such  arcs 
or  flashes  may  become,  and  to  what  distances  they  will 
reach.  The  conducting  vapor  may  be  deflected  by  mag- 
netic action  and  by  air  drafts.  Shields  or  partitions  will 
sometimes  produce  unexpected  results  not  necessarily 
beneficial.  Unless  such  shields  actually  touch  the  com- 
mutator face  so  that  conducting  vapor  cannot  pass 
underneath  them,  the  vapor  that  does  pass  underneath 
may  produce  just  as  harmful  results  as  if  the  shields 
were  not  used. 

From  the  preceding  considerations  it  would  appear 
that  a  compensated  direct-current  machine  should  have 
some  advantages  over  the  straight  commutating-pole 
type  in  case  of  a  severe  short-circuit.  With  the  lesser 
saturation  in  the  commutating  pole  circuit  due  to  the 
lower  leakage,  the  apparent  armature  short-circuit  e.m.f. 
will  usually  be  better  neutralized  under  extreme  load 
conditions,  and  thus  there  will  be  lower  local  currents  in 
the  brush  contacts.  In  addition,  the  armature  flux  will 
be  practically  as  well  neutralized  behind  and  ahead  of 
the  brush  as  it  is  under  the  brush,  so  that,  with  ten  times 
current  as  in  the  former  example,  there  may  be  only  a 
low  e.m.f.  per  bar  ahead  of  the  brush,  instead  of  the  35 
volts  for  the  former  case.     Obviously,  the  cause  of  the 


initial  flashing,  and  the  tendency  to  continue  it  ahead  of 
the  brush,  will  be  materially  reduced.  The  compensating 
winding  is  therefore  particularly  advantageous  in  very 
high  voltage  generators,  in  which  the  bars  are  usually 
very  thin  and  the  maximum  volts  per  bar  are  high. 

There  is  a  prevailing  opinion  that  when  a  circuit 
breaker  opens  on  heavy  overload  or  a  short-circuit, 
flashing  is  liable  to  follow  from  such  interruption  of  the 
current.  In  some  cases  this  may  be  true.  However, 
when  a  circuit  breaker  opens  on  a  short-circuit  it  is 
difficult  for  the  observer  to  say  whether  both  the  opening 
of  the  breaker  and  the  flash  are  due  to  the  excessive 
momentary  current,  or  one  is  consequent  to  the  other. 
The  short-circuit,  if  severe,  will  most  certainly  cause 
more  or  less  of  a  flash  at  the  brush  contacts,  and  if  this 
flash  is  carried  around  the  commutator,  or  bridges  across 
two  points  of  widely  diff'erent  potentials,  then  it  is  liable 
to  continue  after  the  circuit  breaker  opens,  and  thus  give 
the  impression  that  the  flashing  followed  the  interrup- 
tion of  the  circuit.  In  railway  and  in  mine  work  in 
particular,  a  great  many  flashes  which  are  credited  to 
overloads  are  primarily  caused  by  partial  short-circuits 
on  the  system,  or  "arcing  shorts,"  which  are  extin- 
guished as  soon  as  the  circuit  is  opened.  Such  a  partial 
short-circuit,  however,  may  be  sufficient  to  open  the 
generator  circuit  and  to  cause  a  flash  at  the  same  time. 
Not  infrequently  such  flashes  are  simply  credited  to 
opening  of  the  circuit  breakers. 

There  are  other  conditions  where  a  flash  is  liable  to 
result  directly  from  opening  the  circuit  breaker  on  heavy 
overload.  If  the  apparent  short-circuit  e.m.f.  per  brush 
on  heavy  overload  is  from  25  to  35  volts,  and  if  the 
armature  magnetomotive  force  is  interrupted  sud- 
denly, with  a  correspondingly  rapid  reduction  in  the 
armature  flux,  while  the  commutating  field  flux  does  not 
die  down  at  an  equally  rapid  rate,  then  momentarily 
there  will  be  an  actual  short-circuit  voltage  of  a  consid- 
erable amount  under  the  brushes  which  may  be  suf- 
ficient to  circulate  large  enough  local  currents  to  start 
flashing.  With  commutating  pole  machines  this  condi- 
tion may  result  from  the  use  of  solid  poles  and  solid  field 
yokes.  Laminated  commutating  poles  are  sometimes 
very  much  of  an  improvement.  However,  the  yokes  of 
practically  all  direct-current  machines  are  of  solid  ma- 
terial, and  thus  tend  to  give  sluggishness  in  flux  changes. 
The  above  explains  why  non-inductive  shunts,  or  any 
closed  circuits  whatever,  are  usually  objectionable  on 
commutating  poles  or  their  windings.  In  non-com- 
mutating  pole  machines,  where  the  brushes  are  liable  to 
be  shifted  under  the  main  field  magnetic  fringe  in  order 
to  commutate  heavy  loads,  flashing  sometimes  results 
when  such  heavy  overload  is  interrupted.  Also,  if  the 
rupture  of  the  current  is  very  sudden,  there  will  be  an 
inductive  "kick"  from  the  collapse  of  the  armature 
magnetic  field ;  this  rise  in  voltage  sometimes  is  suf- 
ficient to  start  a  flash,  especially  in  those  cases  where 
flashing  limits  are  already  almost  reached. 

In  synchronous  converters,  the  conditions  are  ma- 
terially different   from  direct-current  generators  when 
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the  load  is  suddenly  broken.  In  such  machines  the  flash 
is  liable  to  follow  the  opening  of  the  circuit  breaker  if  a 
heavy  overload  is  interrupted.  This  is  possibly  more 
pronounced  in  the  commutating  pole  machine  than  in  the 
non-commutating  pole  type.  In  a  commutating  pole 
converter  the  commutating  pole  magnetomotive  force  is 
considerably  larger  than  the  resultant  armature  mag- 
netomotive force  under  normal  operating  conditions,  but 
is  much  smaller  than  the  armature  magnetomotive  force 
considered  as  a  straight  direct-current  or  alternating- 
current  machine.  Normally  the  commutating  pole  estab- 
lishes a  commutating  field  or  flux  in  the  proper  direction 
in  the  armature.  However  if,  for  any  reason,  the  con- 
verter becomes  a  motor  or  a  generator,  even  mo- 
mentarily, the  increased  magnetomotive  force  of  the 
armature  may  greatly  exceed  that  of  the  commutating 
pole,  so  that  the  commutating  pole  flux  will  be  greatly 
increased,  or  it  may  be  greatly  reduced,  or  even  re- 
versed, depending  upon  which  armature  magnetomotive 
force  predominates. 

The  above  is  what  happens  when  a  synchronous  con- 
verter hunts,  and  under  the  accompanying  condition  of 
variable  armature  magnetomotive  force  the  commu- 
tating pole  converter,  with  iron  directly  over  the  com- 
mutating zone,  is  liable  to  show  greater  variations  in  the 
flux  in  the  commutating  zone  than  is  the  case  in  the  non- 
commutating  pole  converter.  Experience  has  shown 
that  when  a  synchronous  converter  carrying  a  heavy 
overload  has  its  direct-current  circuit  suddenly  inter- 
rupted it  is  liable  to  hunt  considerably  for  a  very  short 
period.  This  hunting  means  wide  variations  in  the  com- 
mutating pole  flux  with  corresponding  sparking  tenden- 
cies. For  a  "swing"  or  two  this  sparking  may  be  so  bad 
as  to  develop  into  a  flash.  Thus  the  flash  follows  the 
interruption  of  the  circuit.  Curiously,  the  most  effective 
remedy  for  this  condition  is  one  which  has  proven  most 
objectionable  in  direct-current  machines,  namely,  a  low- 
resistance  closed  electric  circuit  surrounding  the  com- 
mutating pole.  The  primary  object  of  this  remedy  is 
not  to  form  a  closed  circuit  around  the  commutating 
field,  but  to  obtain  a  more  effective  damper  in  order  to 
minimize  hunting. 

In  direct-current  railway  motors,  flashing  at  the 
commutator  is  not  an  uncommon  occurrence.  One  com- 
mon cause  is  jolting  the  brushes  away  from  the  com- 
mutator. The  carbon  breaks  contact  with  the  copper, 
forming  an  arc  which  is  carried  around.  Another  pro- 
lific source  of  flashing  is  the  opening  and  closing  of  the 
motor  circuit  in  passing  over  a  gap  or  dead  section  in  a 
trolley  circuit.  Here  the  motor  current  is  entirely  inter- 
rupted and,  after  a  short  interval,  it  comes  on  again, 
without  any  resistance  in  circuit  except  that  of  the  motor 
itself.  If  the  current  rush  at  the  first  moment  of  closing 
is  not  too  large,  and  if  the  armature  and  field  magnetic 
fluxes  build  up  at  the  same  rate,  there  is  usually  but 
small  danger  of  a  flash.  The  rapidly  changing  field 
flux,  however,  generates  heavy  currents  under  the 
brushes,  thus  tending  toward  flashing.  The  react- 
ance of  the   motors,   especially  of  the  field   windings, 


limits  the  first  current  rush  to  a  great  extent.  Ac- 
cording to  this,  closed  secondary  circuits  of  low  resist- 
ance around  either  the  main  poles  or  the  commutating 
poles  should  be  objectionable,  and  experience  bears 
this  out. 

AVERAGE    E.M.F.    AND    "FIELD    F0R\r" 

A  rather  common  practice  has  been  to  specify  the 
average  volts  per  bar  in  a  given  machine.  The  limit  is 
really  fixed  by  the  maximum  volts  per  bar,  and  there  is 
no  fixed  relation  between  the  average  and  the  maximum 
volts  per  bar.  The  ratio  between  these  two  voltages  is 
dependent  upon  the  field  flux  distribution,  that  is,  the 
"field  form."  In  well-proportioned  modern  machines 
the  average  e.m.f.  per  bar  is  about  70  percent  of  the 
maximum  at  no  load,  and  about  55  to  60  percent  with 
heavy  load.  This  means  that  about  15  volts  per  bar, 
average,  is  the  maximum  permissible  in  large  machines 
with  considerable  field  distortion  if  a  maximum  of  28 
volts  per  bar  is  not  to  be  exceeded.  On  this  basis  a  660 
volt  machine  should  have  not  less  than  40  commutator 
bars  per  pole.  However,  this  is  with  considerable  field 
distortion.  If  this  distortion  is  reduced  or  eliminated, 
the  average  volts  can  be  considerably  higher,  as  in  ma- 
chines with  high  saturation  in  the  pole  faces,  pole  horns 
and  armature  teeth,  or  with  compensated  fields.  Syn- 
chronous converters  are  practically  self-compensated 
and  can,  therefore,  have  higher  limits  than  the  above  if 
the  normal  rated  e.m.f.  is  never  to  be  exceeded.  How- 
ever, in  600  volt  converter  work  in  particular,  wide  vari- 
ations sometimes  occur  momentarily  up  to  700  to  750 
volts,  and  such  machines  should  have  some  margin  for 
such  voltage  swings.  The  ordinary  600  volt  direct- 
current  generator  also  attains  materially  higher  voltages 
at  times,  which  should  be  taken  into  account  in  limiting 
the  voltage  per  commutator  bar  and  the  total  number  of 
bars  per  pole. 

Obviously,  the  fatter  the  field  form,  the  nearer  the 
average  voltage  can  approach  the  maximum.  With  an 
80  percent  field  form,  instead  of  70  percent,  for  instance, 
the  number  of  bars  per  pole  can  be  reduced  directly  as 
the  polar  percentage  is  increased ;  and  35  bars  per  pole 
with  80  percent  would  be  as  good  as  40  bars  with  70 
percent,  assvmiing  the  same  percentage  of  field  distortion 
in  both  cases. 

Usually  it  is  considered  that  the  commutating  con- 
ditions of  a  machine  are  practically  the  same  with  the 
same  current,  whether  it  be  operated  as  a  generator  or 
motor.  However,  when  it  comes  to  flashing  conditions, 
there  is  one  very  considerable  difference.  In  the  direct- 
current  generator,  the  field  flux  distortion  by  the  arma- 
ture is  such  as  to  crowd  the  highest  field  density,  and 
thus  the  highest  volts  per  bar,  away  from  the  forward 
edge  of  the  brushes.  In  the  motor,  the  opposite  is  the 
case,  and  therefore  there  is  a  steeply  rising  field,  and  a 
corresponding  e.m.f.  distribution  in  front  of  the 
brushes.  As  the  flash  is  carried  in  the  direction  of  rota- 
tion it  may  be  seen  that,  in  this  particular,  the  generator 
and  motor  are  different. 


Autotransformers 


E.  G.  Reed 


AN  AUTOTRANSFORMER  is  a  transformer 
with  a  single  winding.  This  single  winding, 
therefore,  must  perform  the  functions  of  both 
the  primary  and  secondary  elements  of  a  two-winding 
transformer.  For  this  reason  it  is  to  be  expected  that 
an  autotransformer  can  be  built  with  less  material,  and 
that  its  efficiency  and  regulation  will  be  superior  to  a 
two-winding  transformer  of  the  same  rating.    The  main 
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FIG.    I — TWO-WINDING   TRANSFORMER,   RECONNECTED    TO    FORM 
AUTOTRANSFORMER 

objection  to  the  use  of  the  autotransformer,  where  it 
might  otherwise  be  used  to  advantage,  is  the  fact  that 
the  primary  and  secondary  circuits  are  not  electrically 
separated. 

RELATION    BETWEEN   RATIO   AND  OUTPUT   R.\TING 

The  output  Ft  of  a  transformer  having  £i  and  /i 
as  primary  voltage  and  current,  and  £ii  and  III  as  sec- 
ondary voltage  and  current,  is, — 

Pt  =  Hi  /i  ^  En  In 
This   transformer   may   be   connected   as    an    auto- 
transformer as  shown  in  Fig.  I.    In  this  case  the  output 
Pa  becomes, — 

Pa  =  En  (/i  -|-  In) 

Combining  these  two  equations  gives, — 

Pa  =  FT  (^Li_En)  (j) 

This  relation  may  be  put  into  a  more  general  form 
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FIG.  2 — RATING  OF  A  TRANSFORMER  WHEN  CONNECTED  AS  AN 
AUTOTRANSFORMER 

as    follows: — Let   the   ratio   of   transformation   of    the 
autotransformer  be  R,  then, — 

r.  _  £i  -I-  En 
Bu 

Combining  this  with  equation  (i)  gives, — 
^-  =  ^^  t^) (^^ 


In  other  words,  the  output  of  the  autotransformer  is 
equal  to  the  output  of  the  transformer  times  the  voltage 
ratio  of  the  autotransformer  divided  by  the  voltage  ratio 
minus  one. 

Example — If  a  lo  k.v.a.  transformer  having  voltages 
of  2200  to  440  volts  be  connected  as  an  autotransformer 
having  a  ratio  of  2640  to  440,  the  output  of  the  auto- 
transformer will  be,  from  equation  (2), — 


Pa  =  10 


2640 
440 


2640 
440 


=z  lo  X  '-^  =  13  k- 


The  curve  in  Fig.  2  shows  in  a  general  way  the  in- 
creased rating  of  a  two-winding  transformer,  when  re- 
connected to  form  an  autotransformer,  for  various  volt- 
age ratios  of  transformation  of  the  autotransformer.  It 
is  apparent  that  the  rating  increases  rapidly  with  de- 
creasing ratios  below  five,  and  for  ratios  greater  than 
ten  is  practically  constant. 

Since  a  two-winding  transformer  can  be  recon- 
nected as  an  autotransformer  and  give  an  increased 
rating,  it  is  evident  that  with  the  same  rating  an  auto- 


FIG.   3 — MEASURING  THE  IMPEDANCE  VOLTS  OF   AN 
AUTOTRANSFORMER 

transformer  can  be  built  with  less  material.  \\'hen  the 
transformer  windings  are  reconnected  to  form  an  auto- 
transformer with  a  greater  output  rating,  the  current 
densities,  and  consequently  the  losses,  remain  the  same, 
and  since  the  output  has  increa.sed,  the  efficiency  is  in 
creased.  Since  the  percentage  copper  loss  is  less,  the 
regulation  at  high  power-factors  is  evidently  improved. 

RELATION    OF   TRANSFORMER   TO   AUTOTRANSFORMER 
IMPEDANCE 

The  impedance  of  a  two-winding  transformer  may 
be  determined  by  short-circuiting  the  high-tension  wind- 
ing and  impressing  voltage  on  the  low-tension  winding ; 
or  by  short-circuiting  the  low-tension  winding  and  im- 
pressing voltage  on  the  high-tension  winding.  If  E  be 
the  voltage  required  to  circulate  full-load  currents  in  the 
windings  in  either  case,  and  En  be  the  normal  -voltage 
of  the  winding  upon  which  the  voltage  E  is  impressed, 
by  definition, — 

Z-i 


En 


If  In  be  the  normal  current  in  the  circuit  upon  which 
voltage  is  impressed,  this  equation  may  be  written, — 

£7n 


Zt  = 


£ii/n 
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In  other  words, — 

y     Volt-ampcrcs   taken    on   short-circuit 

Rated  volt-amperes  of  transformer 
Similarly,  the  impedance  of  an  autotransformer  is, — 

7     Volt-amperes  taken  on  short-circuit  ,   ■. 

Rated  volt-amperes  of  autotransformer 

If  EIn  be  the  volt-amperes  taken  on  short-circuit  by 
a  two-winding  transformer  connected  by  either  of  the 
methods  shown  in  Fig.  3,  and  E^In  is  the  normal  output 
rating  of  the  transformer,  the  impedance,  as  shown  by 
equation  (3),  is, — 

Zk  —  ^— (4) 

the  output  rating  of  the  transformer  being  taken 
from  equation  (2)  as  being  times  (-^ — j  the  rating  of  the 
windings  connected  as  a  transformer,  or, — 

'^^  -    £n  ^       R 
Now  7^  is  the  impedance  of  the  windings  connected 

En 

as  a  transformer,  therefore, — 
R  —  I 

R     


Zr- 


■■(5) 


It  is  evident  from  the  preceding  that  the  lower  im- 
pedance of  the  windings  connected  as  an  autotrans- 
former is  due  to  the  greater  output  rating  of  the  auto- 
transformer as  compared  to  the  output  rating  of  the 
windings  connected  as  a  transformer. 

The  impedance  of  an  autotransformer  may  be  meas- 
ured directly  by  either  of  the  connections  shown  in  Fig. 
3,  and  the  above  demonstration  is  given  only  to  show  the 
relation  between  the  impedance  of  the  two  windings 
connected  as  a  transformer  and  as  an  autotrans- 
former. 

Example — If  a  10  k.v.a.  transformer  having  voltages 
of  2200  to  440  volts  has  an  impedance  of  three  percent, 
its  percent  impedance  connected  as  a  12  k.v.a.  autotrans- 
former will  be, — 

2640 

^^  ~  ^  ^    '^^^640       =  -^  X  °-^^  =  -■■'•  /"■''"■"'■ 
440 
Since  both  the  percentage  copper  loss  and  reactance 
is   less    for   the   windings   connected   as   an   autotrans- 
former,   the    regulation    will    be    better    at    all    power- 
factors. 


Silicon  Steel 

Transformer  laminations  are  often  made  from  silicon  steel 
instead  of  soft  iron.  When  soft  iron  was  used  considerable 
trouble  was  experienced  from  aging  of  the  iron;  that  is,  after 
the  transformer  had  been  in  service  awhile  the  iron  losses  in- 
creased. Silicon  steel  was  found  to  be  free  from  this  defect 
and  has  been  applied  to  transformer  cores  on  this  account.  In 
spite  of  low  iron  losses  a  silicon  steel  transformer  requires  a 
higher  magnetizing  current  than  a  soft  iron  ore,  due  to  the  fact 
that  the  permeability  of  silicon  steel  is  lower  than  soft  iron. 
This  magnetizing  current,  however,  does  not  represent  any  ma- 
terial power  loss  in  the  transformer. 

Silicon  steel  is  not  generally  used  in  rotating  machines, 
partly  because  it  is  brittle  and  crystallizes  easily  if  subjected  to 
vibration,  and  because  it  also  becomes  saturated  at  a  lower 
density.  This  is  a  detriment  in  those  types  of  apparatus  where 
the  flux  densities  run  high,  for  this  would  require  a  very  con- 
siderable increase  in  magnetizing  current.        R.  H.  \\'ii.i..\rd 


Ventilation  of  Shunt  Field  Coils 

Shunt  field  coils  are  sub-divided  to  secure  more  nearly  imi- 
form  temperature  rise  in  all  parts  of  the  coils.  Thick  coils,  which 
have  no  means  of  readily  dissipating  the  heat  developed  inside, 
are  liable  to  burn  out  even  where  the  temperature  rise  on  the  out- 
side of  the  coils  may  be  entirely  safe.  On  the  other  hand,  thin 
coil  sections  not  only  ventilate  well,  but  require  less  copper  to 
give  the  same  excitation  within  a  specified  temperature  limit. 

For  a  fixed  value  of  excitation  (ampere-turns)  the  permis- 
sible voltage  drop  or  exciting  voltage  across  the  coils  deter- 
mines the  size  of  conductor.    The  ampere-turns  may  be  secured 


either  by  the  product  of  high  current  and  few  turns  or  low  cur- 
rent and  many  turns.  For  a  selected  size  of  conductor  minimum 
weight  corresponds  to  maximum  current;  that  is,  maximum 
PR  per  unit  length.  This  FR  can  only  be  dissipated  from  the 
surface  of  the  coil  as  heat;  consequently,  for  a  fixed  tempera- 
ture limit  maximum  ventilation  per  pound  of  conductor  is  an 
essential  factor  in  the  design. 

To   improve   the   ventilation    recent   practice   in   large   units 
sub-divides  the  coils  in  two  ways,  viz.,  vertical  section  or  con- 


centric coils,  and  horizontal  section  or  pancake  coils,  as  shown 
in  Figs.  I  and  2,  respectively.  The  concentric  type  of  coil  offers 
a  more  direct  path  to  the  radial  air  currents  thrown  out  from 
the  armature,  and  as  it  is  generally  made  in  but  two  sections, 
as  compared  with  three  or  more  sections  employed  in  the  pan- 
cake coil,  the  labor  of  assembling  the  former  is  less.  The  pan- 
cake form  is  well  suited  for  strap  wound  coils,  where  the  venti- 
lation is  secured  by  means  of  end-bells  which  deflect  the  air 
currents  from  the  rotor  through  the  field.  R.  H.  TabER 
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1274 — Parallel  Connection  of  Single- 
Phase  Transformers  —  Fig.  1274  u> 
shows  a  diagram  of  a  transformer 
connection  about  which  there  is  some 
dispute.  About  three  months  ago  one 
of  two  transformers  connected  in  this 
way  burned  out.  The  transformer 
company  claimed  that  a  circulating 
current  due  to  impedance  was  respon- 
sible for  the  damage.  Still  later  they 
say  that  such  a  connection  gives  only 
half  capacity.  These  transformers  are 
identical  and  made  to  be  connected  in 
parallel.  We  have  several  sets  so  con- 
nected that  have  done  their  work  for 
several  years.  Is  there  any  real  ob- 
jection to  this  connection,  which  is 
very  convenient  on  the  pole? 

W.  F.  H.  (iOWa) 

If  the  transformers  are  identical,  their 
operation  should  be  entirely  satisfactory 
when  connected  in  parallel,  as  shown  in 
Fig.  1274(a).     If  the  transformers  were 


not  identical  in  design  and  there  were 
considerable  difference  in  their  imped- 
ances, there  might  possibly  be  enough 
circulating  current  to  give  trouble,  but 
this  would  not  be  the  case  with  duplicate 
designs.  w.  m.  m. 

1275— Would  you  consider  $1.50  per 
horse-power  year  too  high  a  sum  to  be 
charged  against  the  repairs  on  a  bat- 
tery of  four  500  horse-power  boilers? 

F.  G.  F.  (W.  VA.) 

For  an  average  installation,  a  charge 
of  $1.50  per  horse-power  for  one  year 
on  four  500  horse-power  boilers  would 
seem  to  be  below  the  average.  It  is  dif- 
ficult to  advise  a  standard  charge  in  this 
case,  as  it  will  vary  greatly  with  the 
operating  conditions  and  the  size  of  the 
boilers,  but  it  would  seem,  as  far  as  may 
be  determined  from  the  question,  that 
the  rate  of  $1.50  might  be  considered 
very  reasonable.  o.  h.  b. 

1276 — Lighting  Arresters  to  Prevent 
Flashover— Are  lightning  arresters 
ever  connected  to  rotary  converters 
to  prevent  flashover  or  to  alleviate  the 
effectiveness  of  a  flashover?  If  so, 
where  is  connection  made,  what  type 
arrester  is  recommended,  and  what 
setting  is  given  for  a  500  volt  ma- 
chine? V.C.D.(NEW  YORK  ) 

For  the  protection  of  rotary  con- 
verters against  flashover,  electrolytic  ar- 
resters have  been  used  with  considerable 
success.  Inasmuch  as  these  arresters  are 
used  on  direct-current  circuits  without 
the  series  spark  gap,  which  is  cornmonly 
used  on  alternating-current  circuits, 
there  is  no  spark  gap  setting  to  be  given. 
When    the    aluminum    arrester    is    em- 


ployed, one  unit  of  two  cells  in  series  is 
usually  installed  for  each  converter  of 
500  kw  or  greater  capacity.  Other  types 
of  arresters,  such  as  the  magnetic  blow- 
out and  circuit  breaker  types,  which  are 
commonly  used  on  direct-current  cir- 
cuits, are  not  used  for  the  protection  of 
rotary  converters  against  flashover,  be- 
cause of  their  limited  discharge  capacity, 
due  to  the  use  of  a  series  resistance.  If 
the  principal  cause  of  trouble  is  light- 
ning, the  arrester  should  be  connected 
across  the  terminals  of  the  machine,  out- 
side the  field  windings.  Assuming  nega- 
tive grounded,  the  connection  is  made 
between  the  positive  terminal  and 
ground.  If,  however,  the  principal  cause 
of  trouble  is  surges  from  within  the  ma- 
chine, the  arrester  should  be  connected 
directly  across  the  armature  terminals 
inside  both  the  series  and  commutating 
field  windings.  This  latter  connection,  of 
course,  leaves  the  field  windings  unpro- 
tected against  lightning,  but  gives  greater 
protection  against  flashovers,  due  to 
d\Tiamic  current  surges.  There  is  also  a 
very  cheap  and  effective  condenser  unit 
of  about  one  microfarad  capacity  which 
has  recently  been  used  instead  of  the 
aluminum  cell  arrester,  owing  to  its  in- 
destructibility. There  is  not  much  defi- 
nite information  as  to  the  actual  benefit 
derived  from  such  protection.  It  is  not 
claimed  that  the  severity  of  a  flashover 
is  reduced.  It  is  merely  believed  that 
certain  high-voltage  conditions  which  are 
likely  to  occur  at  the  rotary  converter 
are  by  such  means  rendered  less  likely  to 
result  in  a  flashover.         o.  a.  b.  and  j.  S.  v. 

1277  —  Alternating-Current    Arc    for 
Cutting  Metal— Can  the  alternating- 
current     arc     be     used     for     cutting 
wrought  iron,  cast  iron,  brass  and  cop- 
per?    What   would   be   the   minimum 
capacity    single-phase    generator     re- 
quired to  cut  material  one  inch  thick, 
and  also  two  inches  thick?  What  volt- 
age would  be  required?     What  would 
be  the  minimum  capacity  of  a  direct- 
current    generator    to    do    the    same 
work,  and  what  voltage  would  be  re- 
quired? P.G.I,,  (new jersey) 
The    alternating-current    arc    can    be 
used  for  cutting  wrought  iron  and  steel 
with  about  the  same  degree  of  success 
as  the  direct-current  arc,  but  with  the 
added  disadvantage  of  noise;  the  lower 
the    frequency,    the    greater    the    noise. 
Neither    of    these    processes    compares 
with   the   oxy-acetylene   or   the   oxy-hy- 
drogen  process  in  neatness  of   cut,  the 
arc  producing  a  very  ragged  edge.    The 
arc  process  cannot  be  recommended  at 
all  for  cutting  either  cast  iron,  brass  or 
copper  as  a  regular  commercial  process. 
About  600  amperes  at  75  volts  would  be 
required  for  either  one-inch  or  two-inch 
material,  although  cutting  can  be  done 
with  less  or  greater  capacity,  the  rate  of 
cutting   varying   accordingly.     Different 
investigators  give  different  rates  of  cut- 


ting, the  speeds  varying   from  one-half 

to  one  square  inch  per  minute  per  100 

amperes  used  on  medium  thick  material. 

c.  B.  A. 

1278 — Fan  Blades — (a)  How  can  I  find 
the  cubic  capacity  of  a  28  inch  flat 
blade,  open  type,  exhaust  fan,  travel- 
ing 750  r.p.m.?  (b)  In  what  respect 
is  the  pitch  considered  in  finding  the 
air  volume  displaced  per  minute?  (c) 
How  can  I  find  the  horse-power  re- 
quired to  drive  a  fan  of  known  ca- 
pacity? (d)  Is  the  method  of  finding 
the  pitch  of  a  fan  shown  in  Fig. 
1278(a)  correct?  Assuming  the  the- 
ory right,  would  the  air  volume  dis- 
placed be  this  area  of  the  fan  diameter 
(pitch  travel)  r.p.m.?  T.  k.  (quebec) 
(a)  and  (b)  are  answered  by  No. 
1239.  (c)  A  formula  for  calculating  the 
horse-power  absorbed  by  fans  is : — 

Hp  =  KX  J0-' 'XD''XR''y.  \ 'b"(poo ""•'  9—14) 
D    —  maximum  diameter  in  feet. 
R    =  r.p.m. 
B    =   number  of  blades. 
B   =  Angle  blades  make  with  plane  of  rota- 
tion. 
K    =  2  for  a  fan  in  free  air  —  no  surrounamg 
tube. 
=   1 .4  for  a  fan  mounted  in  a  tube  —  free 

exit. 
=  3.0  to  5.0  for  a  fan  mounted  in  a  tube  — 
enclosed  exit;  increases  with  the  num- 
ber of  blades. 

The  formula  is  based  on  the  assump- 
tion that  the  blades  are  flat,  of  constant 
angle  and  with  slightly  rounded  corners 
at  the  tips.  The  angle  should  exceed  15 
degrees,  but  should  not  exceed  60  de- 
grees. Under  these  circumstances,  the 
formula  will  give  close  results,  regard- 
less of  what  blade  width  may  be  erri- 
ployed — although  30  percent  of  the  di- 


Reprcsenti  circumfercnn  of  faa 


ameter  is  general.  If  the  blade  angle  is 
not  known,  it  may  be  approximated 
from  the  following: — 


"■"  "  -  T.65  RD' 

where  V  =  cu.  ft.  per  minute. 

Catalogue  values  are  usually  not  very 
accurate,  (d)  The  method  of  finding 
the  pitch  is  correct,  but  if  the  angle  is 
constant,  the  tangent  of  the  angle  will 
vary  inversely  with  the  radius.  Only  in 
cases  where  the  pitch  is  constant  is  the 
volume  of  air  proportional  to  the  area 
of  the  fan  disc,  times  the  pitch,  times  the 
r.p.m.  Where  the  angle  is  constant  and 
tiie  pitch  variable,  it  is  better  to  use  the 
formula  given  in  No.  1239,  where  the 
effect  of  the  varying  pitch  has  been  in- 
tegrated. 0-  s-  J- 
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FINANCIAL     SECTION 


ELECTRIC  LIGHT  AND  POWER 
SECURITIES 
Stability  of  income  and  safety  of 
principal  are  the  two  cardinal  factors 
which  must  be  considered  in  every  in- 
vestment, and  the  securities  which  can 
best  assure  these  two  factors  are  the 
ones  which  any  wise  investor  will,  of 
course,  prefer.  Aside  from  government 
bonds  and  bonds  issued  by  subordinate 
political  districts,  such  as  states,  coun- 
ties and  municipalities,  there  is  always 
some  risk,  and  this  risk  is  usually  repre- 
sented by  the  rate  of  income  returned 
by  the  investment.  Usually  the  safer 
the  security  the  lower  the  rate  of  income 
returned  to  the  holder.  Of  course,  there 
are  at  times  cases  in  which  even  govern- 
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obtained  by  those  who 
have  bought  Public  Util- 
ity Bonds  is  so  satisfac- 
tory that  every  prospec- 
tive investor  should  be 
impressed  with  the  in- 
trinsic merit  of  a  good 
Public  Utility. 

The  income  from  Public 
Utility  Bonds  is  greater 
than  from  either  stand- 
ard  Municipals  or  Rails. 

Let  us  send  you  an  attrac- 
tive Public  Utility  Bond 
Offering.  Ask  for  Circu- 
lar No.  AU-165. 


A.  B.  Leach  &  Co. 

Investment  Securities 

149   Broadway,  New  York 
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mental  securities  partake  of  a  risk,  but 
these  are  exceptional. 

Whenever  an  investor  is  offered  a  se- 
curity on  which  the  rate  of  income  is 
inordinately  high,  it  is  well  for  him 
carefully  to  scrutinize  that  security  and 
not  to  purchase  unless  his  investigation 
discloses  that  there  are  some  excep- 
tional circumstances  surrounding  it 
which  account  for  the  high  rate  of  in- 
come which  he  would  receive  on  such 
an  investment.  At  one  time  many  high- 
grade  investment  houses  held  that  any 
bond  returning  over  five  percent  on  the 
investment  could  not  be  considered  safe, 
but  in  recent  years  with  the  heavy  de- 
mand for  capital  good  bonds  may  be 
obtained  which  return  six  percent  and 
even  a  higher  rate  of  income  on  the 
money  invested.  The  standard  of  in- 
come rate  on  gilt-edged  bonds  has  been 
following  a  rather  steady  upward  course 
for  several  years,  which,  of  course, 
means  a  lower  price  for  the  securities 
which  were  issued  at  a  time  when  the 
average  income  rate  was  lower  than  it 
is  now. 

Tliis  in  turn  means  that  should  the 
holder  of  a  bond  purchased  several 
years  ago  on  a  four  percent  basis  now 
have  to  sell  it  on  a  five  percent  basis  he 
would  lose  a  part  of  his  principal.  But 
at  the  time  when  he  purchased  his  bond 
lie  bought  it  on  an  income  basis  predi- 
cated on  its  being  paid  in  full  at  ma- 
turity and,  if  his  investment  was  wisely 
made,  he  will,  in  case  the  bond  is  held  to 
maturity,  receive  the  full  amount  which 
he  originally  was  promised,  in  addition 
to  his  regular  annual  rate  of  income. 

Statistics  gathered  at  large  expense  by 
men  engaged  in  the  investment  business 
show  that,  of  public  corporation  bonds, 
none  are  so  safe  as  to  principal  and  in- 
come and  none  return  a  higher  and 
more  certain  rate  of  income  on  the 
money  invested  than  those  of  electric 
light  and  power  companies.  Furnishing 
a  necessity,  and  the  only  necessity  which 
is  selling  today  at  a  lower  rate  than  ten 
years  ago,  these  electric  light  and  power 
companies  have  had  and  will  continue  to 
have  a  steadily  growing  field  from 
which  to  secure  their  revenues  to  pay 
the  interest  and  dividends  on  their  se- 
curities in  the  hands  of  investors.  Free 
from  labor  troubles  and  comparatively 
free  from  attacks  of  political  agitators, 
these  companies  are  in  an  investment 
class  by  themselves.  Statistics  covering 
a  long  period  of  years  prove  that  with 
average  net  annual  earnings  of  $8  to 
each  $100  of  stocks  and  bonds  outstand- 
ing, the  light  and  power  corporations  of 
the  country  have  had  an  annual  risk  of 
insolvency  of  but  37  cents  to  each  $100 
of  capitalization.  What  this  statement 
means  may  be  shown  by  some  statistics 
from  other  lines  of  industry. 

The  average  investor  considers  that 
when  he  has  placed  his  funds  in  a  well- 
managed  national  bank  he  has  them  in 
as  safe  a  place  as  may  well  be  found. 
Yet  the  risk  of  insolvency  in  the  na- 
tional bank  business  is  no  smaller  than 
in  the  light  and  power  business.  With 
average  annual  net  earnings  of  around 
$8  on  each  $100  of  capital  invested,  the 
insolvency  risk  in  the  large  industrial 
corporations  of  the  country  has  aver- 
aged $2.07  a  year  on  each  $100  of  capital 
invested,  while  in  the  steam  railroad 
business,  with  average  annual  net  earn- 


ings of  $4.25  to  each  $100  capital  in- 
vested, the  receivership  risk  of  the 
steam  railroads  has  been  an  average  of 
$1.85  a  year  to  each  $100  of  invested 
capital. 

Today  one-tenth  of  the  mileage  and 
one-sixth  of  the  capitalization  of  the 
steam  railroads  of  the  country  are  in  the 
hands  of  receivers,  while  at  the  same 
time  there  is  not  a  large  electric  light 
and  power  company  in  receivership. 
While  the  net  earnings  of  steam  rail- 
roads have  been,  on  the  average,  barely 
holding  their  own,  the  net  earnings  of 
the  electric  light  and  power  companies 
of  the  country  have  been  showing  a  pro- 
gressive gain  from  year  to  year. 

Because  of  the  new  fields  constantly 
being  found  for  electric  current  and  its 
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Power  Company  proper- 
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integral  part  of  the  Mon- 
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steadily  increasing  utilization  for  light 
and  power,  tlie  growth  in  earnings  of 
these  companies  has  been  largely  in  ad- 
vance of  the  growth  in  population  of 
the  communities  served.  One  large 
group  of  light  and  power  properties, 
serving  communities  in  which  the  aver- 
age annual  growth  of  population  was 
3.66  percent,  in  the  same  period  in- 
creased its  earnings  an  average  of  18 
percent  a  year.  In  1915  the  light  and 
power  companies  of  the  country  made 
an  average  gain  of  seven  percent  in 
revenues,  and  this  in  a  year  in  which  the 
first  six  months  was  a  period  of  declin- 
ing earnings  for  all  other  classes  of  pub- 
lic corporations.  In  fact,  there  was  not 
a  month  of  the  year  in  which  the  total 
earnings  of  the  light  and  power  compa- 
nies of  the  country  were  not  larger  than 
they  were  for  the  corresponding  period 
of  the  preceding  year,  the  only  effect  of 
the  depressed  industrial  condition  of  the 
country  being  a  decline  in  the  ratio  of 
growth  of  revenues. 

That  these  factors  in  the  security  be- 
hind the  bonds  of  electric  light  and 
power  companies  are  being  realized  is 
shown  by  the  last  report  of  the  comp- 
troller of  the  currency,  that  for  the 
year  ended  June  30,  IQ'S-  There  are 
27062  banks,  national,  state,  savings, 
private  and  loan  and  trust  companies, 
which  once  a  year  report  to  the  comp- 
troller of  the  currency  their  holdings  of 
various  classes  of  securities.  For  the 
year  ended  June  30,  191S.  these  27000 
banks  reported  an  increase  of  5.32  per- 
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cent  in  their  aggregate  holdings  of  se- 
curities of  all  kinds.  The  feature  of  the 
report  was  the  great  gain  in  holdings  of 
public  utility  bonds,  the  majority  of 
these  held  by  the  banks  being  light  and 
power  bonds.  While  there  was  a  gain 
of  10.31  percent  in  state,  county  and  mu- 
nicipal bonds,  there  was  an  increase  of 
13.70  percent  in  their  holdings  of  public 
utility  bonds,  and  the  combined  holdings 
of  steam  railroad  bonds  by  banks  of  the 
countrj'  increased  but  1.73  percent.  One 
of  the  significant  features  of  the  report 
was  that  it  was  the  savings  banks  of  the 
country  which  showed  the  largest  in- 
crease in  their  holdings  of  public  utility 
bonds,  increasing  their  holdings  of  these 
bonds  by  $55  000  000  in  the  year  and  de- 
creasing their  holdings  of  steam  railroad 
bonds  by  $20000000. 

The  foregoing  are  but  some  of  the 
factors  which  are  causing  the  securities 
of  electric  light  and  power  companies  to 
become  daily  more  popular  with  in- 
vestors. These  securities  are  now  being 
made  available  to  the  modest  investor,  a 
number  of  high-class  companies  issuing 
their  bonds  in  denominations  as  low  as 
$100  face  value,  so  that  even  the  worker 
on  a  small  salary  may  secure  the  advan- 
tage of  a  good  rate  of  income  with  the 
highest  degree  of  safctj'  of  both  princi- 
pal and  interest.  The  men  actively  con- 
nected with  the  great  development  now 
going  on  in  the  light  and  power  field, 
while  realizing  to  the  full  the  great  in- 
crease in  the  business  of  the  electric 
generating  and  distributing  corporations, 
probably  do  not  realize  what  this  devel- 
opment is  doing  for  the  securities  of  the 
companies  for  which  they  are  doing 
their  untiring  work.  These  men  should 
realize  that  there  are  no  safer  invest- 
ments for  their  surplus  funds  than  the 
securities  of  the  companies  which  they 
are  helping  to  build  up,  and  also  that 
these  securities  are  almost  certain  to  ad- 
vance greatly  in  value  as  they  become 
better  and  better  known  to  the  great 
general  investing  public. 

In  the  field  of  strictly  investment  se- 
curities, no  other  class  has  had  so  great 
an  advance  in  average  price  in  the  last 
six  months  as  the  securities  of  the  light 
and  power  companies.  Six  months  ago 
the  short-time  notes  of  some  of  the  best- 
known  light  and  power  companies  were 
selling  on  an  income  basis  of  seven  per- 
cent, but  now  they  are  practically  unob- 
tainable even  at  a  much  lower  basis  of 
income'.  The  demand  for  light  and 
power  bonds  has  been  such  that  the  com- 
panies have  been  able  to  sell  long-time 
bonds  at  a  fair  price  and  have  used  the 
proceeds  to  retire  these  short-time  notes, 
which  were  issued  at  a  time  when  all 
classes  of  long-time  bonds  were  unsal- 
able except  at  a  large  discount. 

One  feature  of  interest  to  the  men  ac- 
tively engaged  in  the  building  up  of  the 
light  and  power  industry  is  that  because 
of  the  demand  for  these  light  and  power 
bonds  the  electrical  generating  and  dis- 
tributing companies  of  the  United  States 
will  this  year  put  under  way  almost 
twice  the  new  construction  which  they 
have  done  in  any  former  year.  The 
growth  of  popularity  of  light  and  power 
bonds  has  been  such  that  the  companies 
are  now  able  to  finance  their  require- 
ments well  ahead  and  thus  rneet  the  de- 
mand for  electric  energy  which  in  many 


communities   has   outgrown   the   present 
generating  and  distributing  facilities. 

The  earning  record  of  the  electric 
light  and  power  companies  since  the  out- 
break of  the  European  war  and  the  con- 
sequent disturbance  of  financial  and  in- 
dustrial affairs  of  the  world  has  been 
one  of  the  principal  factors  in  calling 
the  attention  of  the  conservative  in- 
vestor to  the  merits  of  the  light  and 
power  securities.  Showing  a  gain  even 
in  the  darkest  months  of  the  industrial 
situation  of  the  country,  the  light  and 
power  companies  at  the  same  time  have 
shown  the  most  rapid  recovery.  While 
in  February,  191 5,  there  was  an  increase 
of  but  two  percent  in  total  revenues  of 
the  light  and  power  industry  of  the 
country  as  compared  with  Februarj-, 
1914,  in  December,  1915,  light  and  power 
companies  were  reporting  gains  in  reve- 
nues running  as  high  as  twenty-five  per- 
cent over  December,  1914.  Coupled  with 
this  stability  of  earnings  of  the  light  and 
power  companies  since  the  outbreak  of 
the  European  war  has  been  a  remark- 
able stability  of  prices  of  their  bonds.  A 
compilation  of  bonds  issued  by  96  rep- 
resentative light  and  power  companies, 
representing  a  funded  capitalization  of 
more  than  $375  000  000,  shows  a  loss  of 
less  than  two  points  on  an  average  in 
the  quotations  of  these  bonds  in  1914, 
and  since  that  time  they  have  regained 
all  this  loss  and  are  now  selling  higher 
on  the  average  than  previous  to  the  out- 
break of  the  war.  The  average  price  of 
these  96  bonds  in  1915  was  92.23,  which 
was  0.73  point  above  the  low  average 
price  for  the  year  and  1.77  points  below 
the  average  high  price.  Fully  eighty  per- 
cent of  the  gain  in  the  average  price  was 
made  in  the  last  quarter  of  the  year. 
For  the  first  three  months  of  1915  the 
average  price  was  91.66,  for  the  second 
quarter  92.13,  for  the  third  quarter  92, 
and  for  the  fourth  quarter  93.13-  For 
the  first  six  months  of  1915  the  average 
price  was  91.9,  and  for  the  second  six 
months  92.56. 

THE  HOLDING  COMPANY 

.\ny  discussion  of  the  present-day 
light  and  power  securities  would  be  in- 
complete without  a  mention  of  those  of 
public  utility  holding  companies,  the  or- 
ganizations which  have  made  possible 
the  great  development  of  the  electric 
railway,  gas  and  electric  light  and  power 
industries  of  today.  It  was  these  cor- 
porations which  made  possible  the  se- 
curing of  the  great  amount  of  capital 
required  to  develop  their  individual 
operating  units  and  also  the  assembling 
of  the  magnificently  organized  and  di- 
rected corps  of  engineers,  operators  and 
new  business  men  which  have  built  up 
the  operated  properties  to  their  present 
position  as  revenue-producing  corpora- 
tions. 

It  is  not  possible  to  much  more  than 
outline  in  such  an  article  as  this  the  full 
scope  and  work  of  the  holding  corpora- 
tion idea  as  exemplified  in  its  work  in 
the  light  and  power  field,  but  by  rea- 
son of  the  putting  under  one  central 
control  of  diversified  and  separately  lo- 
cated utility  properties,  of  the  ability  by 
means  of  the  large  corporation  to  se- 
cure adequate  amounts  of  capital  at  rea- 
sonable rates  for  even  the  smallest  of 
the  units  of  the  organization,  by  spread- 
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ing  the  risk  over  a  large  number  of 
properties  and  giving  to  each  a  system 
of  management,  which  in  the  past  only 
the  largest  corporations  of  the  country 
were  able  to  maintain,  the  holding  com- 
pany has  brought  the  management, 
financing  and  earning  qualities  of  light 
and  power  properties  up  to  a  remark- 
ably efficient  basis. 

The  investor  should  direct  his  atten- 
tion to  the  securities  of  these  holding 
companies,  for  in  them  he  will  find, 
where  they  have  been  properly  organ- 
ized and  financed  and  have  the  proper 
management,  almost  an  ideal  form  of 
security.  Uniting  in  one  organization 
almost  all  classes  of  utility  properties, 
with  the  risk  of  physical  damage  or  de- 
creases in  earnings  to  the  properties  as 
a  whole  brought  to  a  minimum,  their  se- 
curities are  steadily  becoming  more  pop- 
ular. 

The  public  utility  holding  company 
must  not  be  confused  with  the  holding 
corporations  which  brought  loss  to  many 
investors  in  the  railroad  field,  for  they 
are  neither  organized  nor  managed  along 
similar  lines.  The  utility  holding  cor- 
poration is  utilized  as  a  central  organi- 
zation for  the  financing  and  managing 
of  many  small  operating  units,  and  its 
greatest  work  comes  in  the  fact  that,  by 
means  of  its  large  resources,  it  is  able 
to  bring  to  its  smallest  property  the 
same  efficient  direction  and  economical 
financing  that  could  be  secured  by  the 
individually  owned  property  in  the  larg- 
est city  of  the  country. 


AMERICAN  LIGHT  &  TRACTION 

American  Light  &  Traction  Company 
in  1915  received  in  income  from  opera- 
tions of  its  subsidiary  companies  and 
from  other  sources  $4555156,  an  in- 
crease of  $746000  over  1914..  After  pro- 
viding for  dividends  on  its  preferred 
stock,  which  were  earned  more  than  five 
times  over  requirements,  there  was  left 
$4 167  592  for  the  common  stock,  or 
24.61  percent  on  the  outstanding  issue. 
American  Light  &  Traction  preferred 
sells  at  the  highest  price  of  any  public 
utility  6  percent  preferred  stock,  and  at 
the  same  time  the  company  pays  the 
largest  dividends  on  its  common  stock. 
In  addition  to  regular  cash  dividends  of 
2.5  percent  a  quarter,  it  also  pays  quar- 
terly dividends  on  its  common  stock  of 
2.5  percent  in  common  stock,  making  20 
percent  in  dividends  annually.  As  the 
common  stock  is  now  selling  at  about 
$375  a  share  these  cash  and  stock  divi- 
dends amount  to  appro.ximately  50  per- 
cent a  year  on  the  par  value  of  $100  a 
share.  It  has  paid  these  dividends  for 
the  last  five  years,  and  men  closely  as- 
sociated with  the  company  say  that  with 
its  present  rate  of  gain  in  earnings  it 
can  continue  to  pay  them  indefinitely.  In 
1915  the  subsidiaries  of  American  Light 
&  Traction  increased  their  sales  of  elec- 
tric energy  by  4201  410  kilowatt-hours, 
or  9.32  percent. 


ELECTRIC  ENERGY  IN  STEEL 
MAKING 

Use  of  electric  energy  in  steel  making 
has  grown  to  large  proportions,  and  the 
expansion  of  the  iron  and  steel  business 
in  Northern  Ohio  has  resulted  in  large 
increase  of  business  for  several  electric 


generating  and  distributing  companies  in 
that  territory.  At  Alliance,  Massillon 
and  Warren  several  steel  mills  have 
been  equipped  with  motor  drive  for  their 
rolls,  and  a  statement  has  been  issued  by 
the  electric  companies  operating  in  these 
Northern  Ohio  towns  showing  how  rap- 
idly their  sales  of  energy  for  power 
have  increased  in  the  last  three  years. 
In  1915,  at  Alliance,  $31  956  of  electric 
energy  was  sold  for  power,  as  compared 
with  $22611  in  1914  and  $23097  in  1913. 
At  Warren  sales  of  energy  for  power 
were  $116626  in  1915,  as  compared  with 
$74707  in  1914  and  $73284  in  1913.     At 


Massillon  sales  for  power  were  $77  326 
in  1915,  as  compared  with  $30651  in  1914 
and  $23396  in  1913;  while  at  Elyria  the 
revenue  from  power  sales  was  $80229  in 
1915,  $53839  in  1914  and  $33839  in  1913- 
The  prospects  for  1916  are  for  largely 
increased  sales  of  electric  energy  to  the 
steel  industry.  The  Trumbull  Steel 
Company,  of  Warren,  is  planning  an 
open-hearth  steel  mill  to  cost  $6  000  000, 
and  the  Central  Steel  Company,  at  Mas- 
sillon, will  increase  its  capacity,  as  will 
several  other  mills  in  the  territory.  All 
these  mills  will  be  electrically  equipped 
throuiihout. 
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DETROIT  EDISON  COMPANY 
The  annual  report  of  Detroit  Edison 
Company  for  1915  shows  how  greatly 
the  tremendous  automobile  business  of 
Detroit  has  aided  this  electric  generating 
and  distributing  subsidiary  of  North 
American  Company. 

Gross  earnings  of  Detroit  Edison  for 

1915  were  $7  759  932,  a  gain  of  19.4  per- 
cent over  1914,  while  net  earnings  were 
$2948713,  an  increase  of  28.1  percent. 
After  providing  for  all  charges  there 
was  a  surplus  of  $1,848658,  a  gain  of 
30.3  percent  over  that  for  1914.  Detroit 
Edison  Company,  by  reason  of  these 
large  gains  in  earnings,  was  able  in  1915 
to  increase  its  quarterly  dividend  rate 
from  1.75  percent  to  two  percent.  In 
order  to  keep  up  with  the  demand  for 
its  product  the  company  in  1915  spent 
$3581912  on  new  construction,  and  for 

1916  its  construction  budget  calls  for 
expenditures  of  $5013893,  of  which 
almost  $3000000  will  be  for  additions  to 
its  generating  stations. 

Indicating  how  rapidly  the  demand  on 
its  generating  and  distributing  facilities 
are  growing,  it  may  be  said  that  in  191 5 
its  electric  output  was  393129850  kilo- 
watt-hours, as  compared  with  313  718  600 
kilowatt-hours  in  1914,  an  increase  of 
25.3  percent.  Its  maximum  demand  load 
in  1915  was  loi  800  kilowatts,  as  com- 
pared to  83300  kilowatts  in  1914,  a  gain 
of  22.2  percent.  Its  load  factor  in  1915 
was  44.1  percent,  as  compared  with  43 
percent  in  1914. 

One  of  the  features,  which  is  shown  in 
the  annual  report,  is  the  decrease  in  the 
average  annual  bill  per  consumer.  In 
1912  the  average  annual  bill  was  $20.10; 
in  1913,  $19.90;  in  1914,  $19.50,  and  in 
1915,  $18.90. 


PACIFIC  GAS  &  ELECTRIC 

To  show  the  magnitude  to  which  its 
operations  have  grown.  Pacific  Gas  & 
Electric  Company  in  its  forthcoming 
annual  report  will  give  some  statistics 
indicating  the  extent  of  its  activities. 
The  capital  invested  in  the  company 
would  build  six  Panama-Pacific  Expo- 
sitions, its  emplo3'ees  would  make  a 
good-sized  town  and  its  stockholders  a 
fair-sized  city,  its  gas  mains  would  ex- 
tend from  San  Francisco  to  Chicago  and 
its  electric  transmission  and  distributing 
lines  would  encircle  the  earth.  The 
water  stored  for  its  hydro-electric 
plants  would  supply  San  Francisco  for 
800  days,  and  it  uses  in  its  gas  plants 
three  percent  of  all  oil  produced  in  Cali- 
fornia. Some  of  the  figures  show  that 
the  company  has  4800  employees,  to 
whom  it  paid  $5  300  000  in  wages  in 
1915,  or  an  average  daily  wage  of  $3.07. 
It  has  $125000000  invested  in  its  prop- 
erties and  operates  over  37  775  square 
miles  of  territory  in  thirty  counties, 
serving  a  population  of  1 681 894,  of 
whom  401  038  are  consumers  of  its  prod- 
ucts. In  1915  it  expended  $12  141  500  in 
California  for  wages  and  materials  and 
paid  out  $722944  in  taxes.  It  has  121  059 
horse-povirer  in  ten  hydro-electric  plants 
and  109  517  horse-power  steam  gener- 
ated energy  in  four  plants,  or  a  total  of 
230  576  horse-power  of  generating  ca- 
pacity in  fourteen  plants. 

It  has  21  800  miles  of  electric  lines  in 
its  distributing  system  and  supplies  740 


miles  of  electric  railways  with  power. 
It  has  40000000000  gallons  of  water  in 
the  62  storage  reservoirs  connected  with 
its  hydro-electric  generating  stations.  It 
supplies  50387  horse-power  of  electric 
energy  for  agricultural  purposes,  159847 
horse-power  for  industrial  purposes, 
supplies  current  to  37  535  street  lights 
and  to  3  460  786  incandescent  lamps,  and 
has  520829  horse-power  of  connected 
electric  load,  which  would  represent  the 
equivalent  of  the  labor  of  2680000  men. 
In  1915  gross  earnings  of  Pacific  Gas 
&  Electric  were  $18530301,  of  which 
$9924482  was  from  its  electric  light  and 
power  department.  This  was  an  in- 
crease of  $1617613  over  gross  for  1914. 
.After  providing  for  all  expenses,  taxes, 
maintenance  and  depreciation  it  had  re- 
maining $8  358  587  to  pay  $3  982  419  bond 
interest  and,  after  providing  for  this 
bond  interest,  had  a  balance  almost  three 
times  the  requirements  for  its  preferred 
stock  dividends.  After  providing  for 
the  dividends  on  its  preferred  stock 
there  was  a  balance  for  the  year  equiva- 
lent to  9.45  percent  on  its  $34000000 
common  stock. 


GAINS  IN  EARNINGS  OF  ELEC- 
TRIC COMPANIES 
Electric  generating  and  distributing 
companies  of  the  country  are  now  re- 
porting probably  the  largest  gains  in 
their  history,  and  these  increases  in  reve- 
nues of  the  electric  companies  tell  some- 
thing of  the  increase  in  prosperity  of 
general  business.  Net  earnings  of  the 
Denver  Gas  &  Electric  Company  in  191 5 
increased  16.5  percent  over  1914,  while 
the  Empire  District  Electric  Company, 
furnishing  current  to  mining  and  smelt- 
ing districts  of  Missouri,  Kansas  and 
Oklahoma,  reported  gains  of  38  percent 
in  gross  and  net.  The  electric  depart- 
ment of  Toledo  Railways  &  Light  Com- 
pany reported  an  output  of  100  168  375 
kilowatt-hours  in  1915,  as  compared  with 
91  479  892  kw-hrs.  in  1914.  Alliance  (O.) 
Gas  &  Power  Company  increased  its 
gross  22  percent  and  its  net  38  percent 
in  1915  over  1914,  and  the  Trumbull 
Public  Service  Company,  another  Ohio 
corporation,  reported  an  increase  of  23 
percent  in  gross  and  of  54  percent  in  net 
as  compared  with  1914.  Massillon  (O.) 
Electric  &  Gas  Company  made  a  gain 
of  50  percent  in  gross  and  of  126  percent 
in  net.  The  southern  states,  where  for  a 
time  conditions  were  much  depressed, 
also  report  good  gains.  At  Amarillo, 
Tex.,  the  electric  company  reported  a 
gain  of  100  percent  in  net,  and  at  Bristol, 
Tenn.,  there  was  a  gain  of  10  percent  in 
gross  and  32  percent  in  net.  The  Brush 
Electric  Company,  of  Galveston,  re- 
ported an  increase  of  12  percent  in  net. 
Companies  in  Kansas  reported  12  per- 
cent increases  in  gross  and  40  percent 
increases  in  net. 


COMMONWEALTH  POWER,  RAIL- 
WAY &  LIGHT 

Commonwealth  Power,  Railway  & 
Light  Company,  which  controls  electric 
properties  in  Ohio,  Indiana,  Wisconsin, 
Kentucky,  Illinois  and  Michigan,  indi- 
cates in  its  report  for  191 5  the  wonder- 
ful possibilities  in  the  development  of 
electric  companies.     Gross  of  the  oper- 


ated properties  in  1915  was  $14590124, 
an  increase  of  $583640,  or  4.17  percent, 
as  compared  with  1914.  However,  for 
December,  1915,  there  was  a  gain  of  ten 
percent  in  gross  as  compared  with  De- 
cember, 1914.  After  providing  for  all 
charges,  and  dividends  on  its  preferred 
stock,  the  company  earned  for  its  com- 
mon stock  7.42  percent,  as  compared 
with  7.13  percent  in  1914.  In  addition 
to  paying  regular  quarterly  dividends  of 
1.5  percent  on  its  preferred  stock  quar- 
terly dividends  of  one  percent  are  paid 
on  the  common  stock.  In  1915  sub- 
sidiaries of  Commonwealth  Power,  Rail- 
way &  Light  made  a  gain  of  34904174 
kilowatt-hours  in  sales  of  electric  en- 
ergj'  and  increased  the  number  of  elec- 
tric customers  by  12  202.  It  carried 
81  464  051  passengers  on  its  street  rail- 
ways and  9200000  passengers  on  its 
electric  interurban  railways.  The  com- 
pany put  in  effect  a  plan  by  which  its 
employees  may  become  stockholders  in 
the  company.  The  plan  provides  for  the 
sale  of  not  more  than  two  shares  of 
common  stock  for  each  $300  yearly 
wages  to  employees,  the  price  of  the 
stock  to  be  $60  a  share  and  payments  of 
$1  a  month  to  be  made,  with  all  divi- 
dends being  applied  to  the  purchase 
price. 


NEW  BOOKS 


"Overhead  Transmission  Lines  and  Dis- 
tributing Circuits" — F.  Kapper.  Trans- 
lated by  F.  P.  Friedlander.  300  pages, 
297  illustrations.  Published  by  D.  Van 
Nostrand  Company,  New  York  City. 
Price  $4.00. 

This  is  a  very  high-grade  book  ex- 
plaining the  fundamental  principles  of 
line  design  and  construction  with  data 
essential  to  the  proper  carrying  out  of 
the  different  operations.  While  based  on 
foreign  practice,  the  discussions  are 
largely  fundamental  and  to  a  considera- 
ble extent  mathematical.  Various  types 
of  transmission  line  structures  are  con- 
sidered and  analyzed;  also  forms  of 
foundations  for  poles  and  towers ;  a 
number  of  special  towers  for  long  cross- 
ings are  illustrated  and  analyzed.  Two 
chapters  are  devoted  to  overhead  line 
insulators  and  the  attachment  of  wires 
to  insulators.  The  various  arrangements 
of  overhead  wires  are  explained,  includ- 
ing methods  of  crossing  over  other  cir- 
cuits, railways,  etc.  Cost  figures  are 
given  as  to  the  most  economical  length 
of  span  with  comparisons  of  various 
forms  of  supporting  structures.  Some 
space  is  devoted  also  to  local  overhead 
distributing  systems. 


"Machine  Design"  —  Albert  W.  Smith 
and  G.  H.  Marx.  500  pages,  279  illus- 
trations. Published  by  John  Wiley  & 
Sons.     Price  $2.75. 

This  is  the  fourth  edition  of  this 
standard  work  by  the  director  of  Sibley 
College,  Cornell  University,  the  present 
edition  being  revised  by  the  professor  of 
machine  design  at  Leland  Stanford  Uni- 
versity. In  addition  to  discussions  on 
mechanisms  of  various  types,  riveted 
joints,  axles,  shafts,  bearings,  couplings, 
springs,  etc.,  a  valuable  chapter  is  in- 
cluded on  roller  and  ball  bearings. 
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PERSONALS 

Mr.  B.  J.  Arnold,  consulting  engi- 
neer, has  been  selected  as  one  of  the 
board  of  three  engineers  to  present  a  re- 
port to  the  city  of  Chicago  providing 
for  a  unified  and  comprehensive  system 
of  transportation,  including  the  present 
surface  and  elevated  lines  and  the  pro- 
posed subway.  The  other  members  of 
the  committee  are  Mr.  Robert  Ridgway 
and  Mr.  W.  B.  Parsons,  of  New  York. 


Mr.  Brent  Wiley  has  recently  been 
appointed  manager  of  the  mill  section 
of  the  industrial  department  of  the 
Westinghouse  Electric  &  Mfg.  Com- 
pany, with  headquarters  at  the  East 
Pittsburgh  works. 


Mr.  Charles  W.  Davis,  who  has  been 
with  the  Standard  Underground  Cable 
Company  since  1900  as  manager  of  the 
central  sales  department,  general  super- 
intendent of  construction  and  manager 
of  the  accessories  department,  has  been 
appointed  vice-president  and  general 
sales  manager  of  the  company. 


Mr.  H.  O.  Swoboda,  consulting  elec- 
trical and  mechanical  engineer,  Pitts- 
burgh, has  been  retained  as  consulting 
engineer  by  the  city  of  Massillsn,  Ohio, 
for  the  purpose  of  preparing  a  set  of 
plans  and  specifications  for  a  new  street 
lighting  system.  The  present  contract 
expires  next  April,  and  the  city  desires 
to  secure  a  modern  system  of  lighting 
combined  with  the  highest  efficiency. 


Mr.  R.  L.  Wilson,  superintendent  of 
the  railway  division  of  the  East  Pitts- 
burgh works  of  the  Westinghouse  Elec- 
tric &  Mfg.  Company,  has  been  ap- 
pointed assistant  general  superintendent 
of  the  East  Pittsburgh  works. 


Mr.  H.  W.  Gottfried,  who  has  been 
for  the  past  three  years  chief  of  the 
electrical  department  of  the  Compania 
Ingeniera,  Importadora  y  Contratista  of 
the  City  of  Mexico,  has  resigned  to 
open  an  office  at  Mexico  City  as  com- 
mercial engineer  and  contractor. 


Mr.  Frederick  W.  Ballard,  formerly 
commissioner  of  light,  heat  and  power 
for  Cleveland.  Ohio,  has  resigned  to  go 
to  Philadelphia,  where  he  has  been  re- 
tained as  expert  electrical  engineer  in 
making  a  new  appraisal  of  the  Philadel- 
phia Electric  Company. 

Mr.  Arthur  F.  Murray,  equipment  en- 
gineer of  the  Blake  &  Knowles  Steam 
P'lmp  Works  at  East  Cambridge,  Mass., 
has  resigned  to  enter  the  employ  of  the 
New  England  Westinghouse  Company, 
Springfield,  Mass. 


Mr.  E.  T.  Causer,  factory  superin- 
tendent of  the  Mitchell-Lewis  Motor 
Company,  Racine,  Wis.,  has  resigned  to 
accept  the  position  of  works  manager  of 
the  R.  D.  Nuttall  Company,  of  Pitts- 
burgh, Pa. 

Mr.  R.  C.  Allen,  who  had  been  con- 
nected with  the  Boston  district  office  of 
the  Westinghouse  Electric  &  Mfg.  Com- 
pany in  the  industrial  department  for 
several  years,  has  resigned  to  become 
sales  manager  of  the  Standard  Engi- 
neering Company,  Waterbury,  Conn.  Mr. 
A.  F.  Paige,  of  the  Boston  office,  has 
been  appointed  to  succeed  Mr.  Allen. 


Mr.  E.  Chesrown,  engineer  for  the 
Pittsburgh  district  office  of  the  West- 
inghouse Electric  &  Mfg.  Company,  has 
resigned  to  accept  the  appointment  of 
special  salesman  by  the  American  Gas 
&  Electric  Co.,  30  Church  street,  New 
York  City.  Mr.  Chesrown  has  been  con- 
nected with  the  Westinghouse  Company 
for  the  past  twenty-two  years. 


Mr.  C.  L  Weaver,  new  business  man- 
ager of  Hodenpyle,  Hardy  &  Co.,  Jack- 
son, Mich.,  has  recently  resigned  to  ac- 
cept the  position  of  general  manager  of 
the  Eastern  Michigan  Power  Company 
at  Jackson,  Mich.,  having  control  of  all 
generating  and  distributing  in  the  Mich- 
igan properties. 


Mr.  C.  W.  Johnson,  formerly  manager 
of  the  supply  department  of  the  West- 
inghouse Electric  &  Mfg.  Company,  De- 
troit office,  has  recently  accepted  the  po- 
sition of  new  business  manager  of  the 
Hodenpyle,  Hardy  &  Co.  Michigan  prop- 
erties, with  headquarters  at  Jackson. 


Mr.  C.  E.  Allen,  formerly  of  the  East 
Pittsburgh  sales  department  of  the 
Westinghouse  Electric  &  Mfg.  Com- 
pany, has  recently  been  appointed  man- 
ager of  the  supply  department  of  the 
Chicago  district  office. 


Mr.  H.  C.  Kendall,  formerly  of  the 
railway  engineering  department  of  the 
Westingliouse  Electric  &  Mfg.  Com- 
pany, at  East  Pittsburgh,  and  later  in- 
structor in  the  electric  railway  engi- 
neering department  at  the  University  of 
Illinois,  has  resigned  as  traffic  engineer 
with  the  Portland  Railway  Light  & 
Power  Company  to  become  efficiency 
and  traffic  engineer  with  the  Denver 
Tramway. 


Mr.  Carl  H.  Mohr,  of  the  Baltimore 
district  office  of  the  Westinghouse  Elec- 
tric &  Mfg.  Company,  has  been  trans- 
ferred to  the  Atlanta  district  office  of 
the  company. 


Mr.  S.  B.  Cooper,  who  has  been  en- 
gaged in  special  work  in  connection  with 
the  Westinghouse  exhibits  at  the  Pan- 
ama-Pacific Exposition,  is  now  in  the 
general  engineering  department  of  the 
Company  at  East  Pittsburgh. 

Mr.  George  A.  Wieber,  formerly  with 
the  Westinghouse  Machine  Company  at 
East  Pittsburgh,  has  accepted  the  posi- 
tion of  chemist  with  the  Bartlett-Hay- 
wood  Company,  of  New  York. 


Mr.  G.  M.  Simmons,  engineer  with 
the  New  York  Service  Department  of 
the  Westinghouse  Electric  &  Mfg.  Com- 
pany, has  resigned  to  accept  the  posi- 
tion of  superintendent  of  equipment  of 
the  Orange  County  Traction  Company, 
with  headquarters  at  Newburgh,  N.  Y. 


Mr.  Otis  A.  Mygatt,  president  of  the 
Holophane  Glass  Company,  Inc.,  has  re- 
cently moved  into  new  offices  at  340 
Madison  avenue,  New  York  City. 


Mr.  L.  E.  Knapp,  of  the  class  of  1914 
of  University  of  Missouri  and  a  gradu- 
ate of  the  sales  school  of  the  Westing- 
house Electric  &  Mfg.  Company,  is  now 
engaged  in  industrial  sales  work  in  the 
company's  Cleveland  district  office. 

Mr.  H.  T.  Hurlock,  of  the  class  of 
1913  Delaware  State  College,  and  a  re- 
cent graduate  of  the  sales  school  of  the 
Westinghouse  Electric  &  Mfg.  Corn- 
pany,  has  accepted  a  position  at  their 
Boston  office  as  correspondent  in  the 
railway  and  lighting  department. 


Mr.  Nicholas  Stahl  has  recently  been 
appointed  manager,  central  station  sec- 
tion, railway  and  lighting  department, 
of  the  Westinghouse  Electric  &  Mfg. 
Compan}-,  with  headquarters  at  the  East 
Pittsburgh  works. 


Mr.  W.  L.  Conwell,  formerly  of  the 
New  York  office  of  the  Westinghouse 
Electric  &  Mfg.  Company,  has  been  ap- 
pointed assistant  to  the  president  of  the 
Safety  Car  Heating  &  Lighting  Com- 
pany. 


Mr.  H.  W.  Fisher,  chief  electrical  en- 
gineer of  the  Standard  Underground 
Cable  Company,  has  been  appointed  in 
addition  to  the  position  of  manager  of 
the  Lead  Cable  Works  and  Rubber  Wire 
and  Cable  Factories,  with  headquarters 
at  Perth  Amboy,  N.  J.  He  has  also  been 
made  an  officer  of  the  Company  by 
virtue  of  his  appointment  as  assistant 
secretary. 

Mr.  W.  R.  Pinckard,  who  has  been 
with  the  Chicago  office  of  the  Westing- 
house Electric  &  Mfg.  Company  for  the 
past  nineteen  years,  has  been  appointed 
special  representative  of  the  supply  de- 
partment of  the  Company  at  Chicago. 
Mr.  Pinckard  is  well  known  among  elec- 
trical men,  and  during  the  past  year  was 
president  of  the  Chicago  Electrical  Club. 

Mr.  C.  M.  Sullivan,  formerly  a  sales- 
man in  the  industrial  and  power  divi- 
sion in  the  Chicago  office  of  the  West- 
inghouse Electric  &  Mfg.  Company,  has 
been  transferred  to  Milwaukee,  Wis.,  as 
city  salesman.  Mr.  Sullivan  is  particu- 
larly well  known  among  the  public  ser- 
vice men  of  Northern  Illinois. 


Mr.  A.  Merritt  Taylor,  director  of  the 
department  of  city  transit  of  Philadel- 
phia, has  resigned.  Mr.  Taylor  is  presi- 
dent of  the  Philadelphia  &  West  Chester 
Traction  Company. 

IMr.  Quinton  Adams,  of  the  New 
York  district  office  of  the  Westinghouse 
Electric  &  Mfg.  Company,  has  been 
transferred  to  the  supply  division  of 
the  San  Francisco  district  office. 


Mr.  O.  P.  McCord,  of  the  supply  divi- 
sion of  the  San  Francisco  office  of  the 
Westinghouse  Electric  &  Mfg.  Com- 
pany, has  resigned  to  accept  a  position 
on  the  sales  force  of  the  Electric  Rail- 
way and  Manufacturers'  Company,  of 
San  Francisco. 


Mr.  Elbert  Kramer,  a  graduate  of  the 
Westinghouse  engineering  apprentice 
course,  who  had  been  connected  with 
the  Westinghouse  exhibit  at  the  Pan- 
ama-Pacific International  Kxposmon, 
has  taken  up  work  with  the  San  Fran- 
cisco district  office  of  the  company  in 
charge  of  the  sales  of  heating  and  cook- 
ing apparatus. 

Mr.  D.  W.  Blakeslee,  formerly  with 
the  sales  department  of  the  Westing- 
house Electric  &  Mfg.  Company,  and 
later  assistant  professor  of  electrical  en- 
gineering of  the  University  of  Arkan- 
sas, is  now  engaged  in  power-plant  de- 
sign for  H.  Koppers  Company,  of  Pitts- 
burgh, Pa. 
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WESTINGHOUSE  VETERANS 

PRESENT  MEMORIAL  TABLET 

OF  THEIR  FOUNDER 

The  Veteran  Employes'  Association  of 
the  Westinghouse  Electric  &  Mfg.  Com- 
pany, at  its  third  annual  banquet,  held 
Saturday  evening,  January  28,  in  the 
Fort  Pitt  Hotel,  Pittsburgh,  presented 
to  the  company  a  handsome  bronze  me- 
morial tablet  of  the  late  George  West- 
inghouse, founder  of  the  numerous  in- 
dustries bearing  his  name.  This  organi- 
zation is  composed  of  those  who  have 
been  in  the  employ  of  the  company  for 
twenty  years  or  more,  and  is  one  of  the 
most  active  of  the  numerous  Westing- 
house  organizations.  About  450  veterans 
were  present,  and  officers  and  men  from 
the  shop  mingled  freely  with  each  other 
and  discussed  the  times  when  the  elec- 
trical industry  was  in  its  infancy. 

President  DeKaiser,  of  the  Associa- 
tion, made  the  opening  address,  welcom- 
ing the  veterans  and  introducing  the 
toastmaster.  Mr.  John  E.  Bonham,  who 
is  in  charge  of   the  clerical  division  of 


neer,  is  also  professor  of  electrical  engi- 
neering, Sheffield  Scientific  School,  Yale 
University,  and  was  accepted  on  behalf 
of  the  company  by  Guy  E.  Tripp. 

The  memorial  was  unveiled  by  Miss 
Rose  Kennedy,  one  of  the  four  women 
members  of  the  Veteran  Association.  It 
was  placed  at  one  end  of  the  hall,  and 
by  means  of  especially  erected  lights 
equipped  with  reflectors  it  was  made 
visible  to  all  the  veterans  present. 

Chairman  of  the  Board  Guy  E.  Tripp, 
in  accepting  the  tablet  on  behalf  of  the 
company,  said  in  part  : 

"History  is  little  more  than  a  biog- 
raphy of  great  men,  and  admiration  and 
emulation  of  them  is  the  real  foundation 
of  advancing  civilization. 

"History  has  been  enriched  by  the  life 
of  George  Westinghouse  and  if  we,  his 
associates,  have  not  received  some  bene- 
fit in  our  own  lives,  if  we  have  not  been 
encouraged  by  his  example  of  courage- 
ousness,  if  we  have  not  been  incited  to 
new  eflforts  by  his  perserverance,  then 
we  should  regret  having  neglected  our 
opportunities. 

"It  was  an  opportunity  to  have  ob- 
served his  unfettered  methods  of  work 
— unfettered  because  he  could  labor  at 
details  without  being  swallowed  up  by 
them,  and  he  could  deal  comprehensively 
with  the  whole  without  vagueness.  He 
instinctively  knew  the  essential  point  and 
swept  all  other  matters  aside  as  of  minor 
importance." 


the  engineering  department.  The  me- 
morial tablet  is  of  solid  cast  bronze  and 
weighs  about  300  pounds.  It  shows  a 
bas-relief  likness  of  Mr.  Westinghouse 
taken  from  one  of  his  best  photographic 
poses.  It  bears  the  inscription  "Georgu 
Westinghouse,  Master  Workman,  In- 
ventor, Founder,  Organizer,  1846-1914." 
It  will  be  placed  in  the  reception  room 
of  the  East  Pittsburgh  works  of  the 
Electric  Company. 

The  model  for  this  tablet  was  sculp- 
tured by  the  well-known  Chicago 
sculptor,  Lorado  Taft,  one  of  Amer- 
ica's most  famous  sculptors.  It  was  cast 
in  bronze  and  placed  in  position  by 
Jas.  H.  Matthews  &  Co.,  of  Pitts- 
burgh, Pa. 

Addresses  were  made  by  a  number  of 
veterans,  former  associates  of  Mr. 
Westinghouse,  including  E.  M.  Herr, 
president ;  L.  A.  Osborne,  vice  presi- 
dent ;  N.  W,  Storer,  general  engineer ; 
B.  Kupf  erberg,  of  the  storeroom  office : 
Charles  F.  Scott,  consulting  engineer, 
and  Guy  E.  Tripp,  chairman  of  the 
board  of  directors.  Each  speaker  re- 
ferred to  some  different  phase  of  the 
great  inventor's  life  which  had  particu- 
larly impressed  him. 

The  tablet  was  presented  on  behalf  of 
the  veterans  by  Chas.  F.  Scott,  who,  in 
addition  to  his  duties  as  consulting  engi- 


PERSONALS 


Mr.  O.  T.  Hertzel,  who  has  been  since 
1912  employed  as  railway  supply  special- 
ist of  the  detail  and  supply  department 
of  the  Westinghouse  Electric  &  Mfg. 
Company,  has  resigned  to  become  treas- 
urer of  the  Electric  Specialties  Com- 
pany, of  North  East,  Pa.  The  new  com- 
pany is  organized  for  the  manufacture 
of  electric  machinery  parts  such  as  com- 
mutators, trolley  wheels,  overhead  line 
material,  etc. 


Mr.  P.  H.  \\'.  Smith,  formerly  vice- 
president  and  sales  manager  of  the 
Standard  Underground  Cable  Company, 
has  been  made  vice-president  and  assist- 
ant general  manager  under  President 
and  General  Manager  J.  W.  Marsh.  His 
headquarters  will  be  in  Pittsburgh  as 
formerlv. 


Mr.  F.  Reibel,  Jr.,  has  severed  his 
connection  with  the  Westinghouse  Elec- 
tric &  Mfg.  Company  and  has  taken  a 
position  with  the  George  Cutter  Com- 
pany at  South  Bend,  Ind.  He  was  for- 
merly a  salesman  in  the  detail  and  sup- 
ply division,  and  located  at  Omaha,  Neb. 


Mr.  Harvey  E.  Brundage,  who  has 
been  with  the  Adams  &  Westlake  Com- 
pany of  Chicago  for  the  past  six  years, 
has  accepted  a  position  in  the  industrial 
division  of  the  Chicago  office  of  the 
Westinghouse  Electric  &  Mfg.  Company. 


NEW  BOOKS 

"The  Applied  Theory  of  Accounts" — P. 
J.  Esquerre.  519  pages.  Published  by 
the  Ronald  Press.  For  sale  by  The 
Electric  Journai,.  Price,  cloth  $3.00, 
half-leather  $3.50. 

This  is  a  comprehensive  book  covering 
business  organizations  such  as  co-part- 
nerships, corporations,  the  general  the- 
ory and  technique  of  accounts,  includ- 
ing accounting  sjstems,  financial  books, 
classification  accounts ;  the  theory  of  the 
asset  accounts,  including  cash  accounts, 
accounts  of  customers,  notes  and  bills 
receivable,  accounts  with  goods,  con- 
signment, lands  and  buildings,  building 
equipment,  machinery  and  tools,  patents, 
investments,  reserved  funds ;  the  theory 
of  the  liability  account,  including  capital 
account,  bonded  debt,  secured  debt,  ac- 
counts payable,  approved  liabilities,  re- 
serves and  surplus ;  financial  statements, 
including  trial  balances,  statements  of 
income  and  profit  and  loss,  consolidated 
balance  sheets,  the  statement  of  affairs, 
realization  and  liquidation.  From  the 
preceding  outline  it  will  be  seen  that  the 
subject  is  covered  exhaustcdly.  Sam- 
ple forms  are  used  freely  to  indicate  the 
methods  of  procedure,  with  references 
to  other  publications  having  a  bearing  on 
the  different  topics  discussed.  Such  a 
work  should  be  of  great  value  to  those 
interested  in  accounting,  and  especially 
to  smaller  organizations  who  may  not 
have  available  expert  accountants  to 
keep  them  posted  as  to  the  correct 
methods  of  procedure. 


Mr.  Arthur  A.  Anderson,  who  has  been 
connected  with  the  Pittsburgh  sales  office 
of  the  Standard  Undreground  Cable 
Company  for  a  number  of  years,  has 
been  made  manager  of  the  central  sales 
department,  with  headquarters  in  the 
Westinghouse   Building,   Pittsburgh,  Pa. 


"Theoretical  Elements  of  Electrical  En- 
gineering"— Charles  P.  Steinmetz.  368 
pages,  194  illustrations.  Published  by 
McGraw-Hill  Book  Company,  New 
York  City.  Price  $3.00. 
This  is  the  fourth  edition  of  this 
standard  work  originally  published  in 
1909,  based  on  a  series  of  university  lec- 
tures. It  can  be  considered  as  an  intro- 
duction to  the  author's  work  on  "Theory 
and  Calculation  of  Alternating-Current 
Phenomena."  When  the  third  edition 
was  published  very  little  change  was 
made  in  the  original  material.  In  the 
present  edition  there  have  been  radical 
revisions  and  re-writing  to  make  room 
for  adequate  representation  of  the  theo- 
retical elements  of  present-day  electrical 
engineering.  The  scope  of  the  work  is 
substantially  the  same,  and  includes 
numerous  examples  for  class  room  work. 
While  a  certain  amount  of  mathematics 
is  used,  especially  in  explaining  funda- 
mentals, the  work  can  hardly  be  called 
of  a  mathematical  nature,  althou.gh,  of 
course,  based  on  mathematical  funda- 
mentals. It  is  understood  that  the  au- 
thor's "Alternating-Current  Phenomena" 
is  also  being  re-written  and  revised  and 
that  the  two  will  be  companion  books, 
with  the  notations  standardized  accord- 
ing to  the  American  Institute  of  Elec- 
trical Engineers  rules  and  those  of  the 
International  Electrical  Congress. 


Mr.  E.  B.  McFarland,  of  Detroit,  has 
recently  accepted  the  position  of  indus- 
trial and  power  representative  of  the 
Westinghouse  Electric  &  Mfg.  Com- 
pany's Detroit  office. 


"The  Corrosion  of  Iron" — L.  C.  Wilson. 
178  pages.    Published  by  the  Engineer- 
ing Magasine.    Price  $2.00. 
This  little  book  is  an  attempt  to  put  in 
simple  form  some  of  the  more  interest- 
ing and  important  facts  connected  with 
the  corrosion   of   iron,   along  with   pro- 
tective measures   for  resisting  such  ac- 
tion,   including    descriptions    of    various 
protective  paints,  with  a  chapter  on  the 
corrosion  of  wrought  iron  and  the  steel 
pipe. 


NEW  NORMA  BEARING 
CATALOGUE 
The  Norma  Company  of  America, 
1790  Broadway,  New  York  City,  have 
just  published  a  new  catalogue  on  ball 
and  roller  bearings.  Without  departing 
too  far  from  the  accepted  forms  of  good 
sales  literature,  they  have  presented  the 
subject  in  an  interesting  manner  which 
will  be  helpful  to  engineers  and  of  per- 
manent textbook  value.  The  first  18 
pages  explain  the  principles  of  anti-fric- 
tion bearings  and  the  design  of  Norma 
bearings.  Pages  19  to  38  give  some 
principles  of  anti-friction  efficiency  writ- 
ten from  a  strictly  engineering  stand- 
point. Some  sixty  pages  are  devoted  to 
tabular  data  giving  detailed  information 
regarding  various  types  and  sizes  of 
Norma  bearings.  Pages  100  to  115  con- 
tain application  drawings  suggesting 
various  uses  and  arrangements  of  ball 
bearings.  The  final  pages  are  devoted 
to  notes  and  suggestions  on  the  selection 
of  anti- friction  bearings.  The  catalogue 
is  a  handsome  book  mechanically  and 
should  be  available  to  everyone  inter- 
ested in  this  subject.  Copies  will  be  sent 
on  request. 


GOLD    MEDAL   FOR   HARRISON 

SAFETY  BOILER  WORKS 
The  combined  open  feed  water  heater 
and  hot  water  meter  known  as  the  Coch- 
rane metering  heater,  exhibited  at  the 
Panama-Pacific  Exposition  by  the  Har- 
rison Safety  Boiler  Works,  Seventeenth 
street  and  Allegheny  avenue,  Philadel- 
phia, has  received  the  gold  medal  award. 
This  apparatus  is  designed  to  heat  boiler 
feed  water  by  means  of  exhaust  steam 
from  engines,  pumps,  etc.,  and  simul- 
taneously to  meter  the  water  and  record 
the  rate  of  flow,  and  to  integrate  the 
total  flow  in  any  elapsed  period.  This 
enables  the.  engineer  or  plant  owner  to 
determine  how  many  pounds  of  steam 
are  being  evaporated  per  pound  of  fuel 
burned  under  the  boilers,  and  hence  to 
compare  the  different  fuels,  different 
methods  of  firing,  etc.  It  also  shows  the 
effect  upon  boiler  efficiency  of  cleaning 
soot  and  scale  off  heating  surfaces,  stop- 
ping up  air  leaks  in  furnaceand  settings, 
and  other  improvements  in  operation, 
and  furnishes  the  means  whereby  the 
methods  of  obtaining  high  efficiency 
may  be  discovered,  standardized  and 
maintained. 


A   PHILADELPHIA   CONCERN 

LEADS  IN  PREPAREDNESS 


THE    ELECTRIC   JOURNAL 

MORSE  CHAIN  COMPANY 
REPRESENTATIVE 

The  interests  of  the  Morse  Chain 
Company,  of  Ithaca,  N.  Y.,  for  the  ter- 
ritory including  the  states  of  North  and 
South  Carolina,  will  hereafter  be  taken 
care  of  by  Mr.  G.  W.  Pritchett,  with 
lieadquarters  at  805  Ashboro  street, 
Greensboro,  N.  C.  Mr.  Pritchett  is  an 
experienced  salesman  of  machinery  and 
an  engineer  of  repute.  With  these  quali- 
fications, and  with  his  wide  circle  of 
personal  acquaintances  among  mill 
owners  and  in  the  engineering  profes- 
sion of  the  South,  Mr.  Pritchett  will 
add  a  strong  link  in  the  ever-widening 
organization  of  the  Morse  Chain  Com- 
pany, manufacturers  exclusively  of  si- 
lent chains  for  power  transmission. 


instructor,  but  when  finally  understood 
it  will  be  of  much  service  to  the  student 
in  extending  his  reasoning  to  new  prob- 
lems. The  text  is  intended  for  students 
who  do  not  expect  to  become  profes- 
sional electrical  engineers,  although  it 
may  be  used  as  a  text  for  those  who 
expect  to  continue  a  more  advanced 
course  going  into  the  mathematical  rela- 
tions. Vector  diagrams  are  included  in 
such  chapters  as  those  on  transformers, 
synchronous  generators  and  induction 
motors. 


NEW  BOOKS 

"The  Principles  of  Dynamo  Electric  Ma- 
chinery"— -Benjamin    F.    Bailey.      314 
pages,  222  illustrations.     Published  by 
McGraw-Hill     Book    Company,    New 
York  City.     Price  $3.00. 
This   book  by   the  professor   of   elec- 
trical  engineering   at  the   University  of 
Michigan  is  a  text  designed  to  present  a 
clear    physical    conception    of    the    phe- 
nomena   which    take   place    in    electrical 
machinery.     It  is  essentially  non-mathe- 
matical   in    character,    aiming   rather   to 
give    physical    ideas    of    the    actions    in- 
stead.   This  method  of  analysis  is  not  so 
easy,   either   for  the  student  or  for  the 


"Inventions     and     Patents"  —  Philip     E. 
Edelman.    288  pages,  illustrated.    Pub- 
lished by  D.  Van  Nostrand  Company, 
New  Y'ork  City.    Price  $1.50. 
This  volume  is  intended  for  those  in- 
terested in  patents,  either  as   inventors, 
investors  or  manufacturers.     There  is  a 
general    misconception    of    patent    pro- 
cedure ;    in    fact,    the    patent    system    is 
completely  understood  by  very  few  per- 
sons.     This    has    resulted    in    enormous 
sums  being  spent  on  unpatentable  ideas 
and  worthless  patents.    This  book  shows 
the  steps  necessary  to  secure  patents  and 
the  mistakes  to  be  avoided.     The  infor- 
mation given  is  reasonably  complete  and 
should  be  of  considerable  value  to  those 
interested  in  patents. 


Officers  and  Men  of  the  Submarine 
Flotilla  of  the  U.  S.  Navy  Instructed 
in  Storage  Practice  at  the  Works  of 
the  Electric  Storage  Battery  Company. 

Last  fall  the  Electric  Storage  Battery 
Company  initiated  a  scheme  of  instruc- 
tion for  the  officers  and  men  operating 
the  submarines  of  the  United  States 
navy.  As  a  result,  during  the  months 
of  November  and  December  each  of 
these  men  spent  one  week  in  hearing  lectures  un  .storaKi.  I'.'i- 
tery  design  and  operation  delivered  by  the  engineers  of  the 
battery  company  and  were  also  given  instruction  in  shop 
methods.  Over  100  officers  and  men  took  this  course.  About 
five  weeks  was  devoted  by  the  battery  company  to  this  work, 
the  officers  and  men  expressing  great  appreciation  of  the  help 
thus  received.  This  course  of  instruction  was  originally  laid 
out  by  the  Electric  Storage  Battery  Company  and  approved  by 
Admiral  Grant,  chief  of  the  submarine  flotilla,  and  his  aide. 
Captain  Yates  Sterling,  Jr.  It  was  then  sanctioned  by  the 
Honorable  Josephus  Daniels,  Secretary  of  the  Navy,  from 
whom  the  Electric  Storage  Battery  Company  has  received  a 
letter  of  recommendation  for  its  patriotism. 


6000  K.V.A.  OUTDOOR  SUB- 
STATION 

be  outdoor  substation  shown  in  the 
ac  c  o  m  p  a  nying 
illustration  is,  no 
doubt,  the  most 
simple  high  -  volt- 
a  g  e  transformer 
station  o  f  6000 
k.v.a.  capacity  in 
operation.  It  is  in- 
stalled at  Cohoes, 
N.  Y.,  and  serves 
power  to  one  of 
the  largest  woolen 
mills  in  the  world. 
The  station  was 
designed  and  built 
by  the  Railway  & 
Industrial  Engi- 
neering Company, 
of  Pittsburgh,  Pa. 
The  equip  ment 
consists  of  Burke 
horn  gap  switches 
and  Burke  light- 
ning arresters 
mounted  on  the 
top  of  the  steel 
structure  w  h  i  c  h 
carries  the  oil  cir- 
cuit breakers.  The 
c  u  t  shows  quite 
clearly  the  method 
of  carrying  the 
wiring  and  connec- 
lii.ns  to  the  three 
jooo  k.v.a.  West- 
ingliouse  trans- 
formers. 


ECCO 


^-f-y-*^ 


Insulated 
Wire 

is   made  and  tested  to   more   rigid 
requirements  for  absolute  security 

I  THE  ELECTRIC  CABLE  CO.,  New  York 
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FOR  SALE 
Light  Plant  for  Sale 

Instruments,  switchboard,  exciter,  belts,  60  kw. 
generator,  100  hp.  engine,  125  hp.  boiler,  heater, 
pump,  piping,  etc.,  the  complete  60  cycle,  iioo  volt 
electric  light  plant  recently  shut  down  by  the 
Waterford  Electric  Light  Company,  Waterford, 
Pa.,  on  account  of  purchasing  power. 


Gas  Engine 

One  14  horsepower  Otto  stationary  gas  engine, 
in  first  class  condition.  Sperlich  &  Uhlig,  18  Pi- 
quette  Ave.,  Detroit,  Mich. 


HAWKINS  UBRARY  OF 

ELECTRICITY 


In  6  Leather    *! 
Price      per  *l 


He 


Pocket  Books 
Volume 


flet  of  books  thnt  no  man  in  the 
ELECTRICAL  FIELD  should  do  without. 
This  is  the  ELECTRICAL  AGE  in  which  we 
live;  ELECTRICITY  now  controls  more  trades, 
directs  more  men,  offers  more  opportunities  than 
any  other  power  that  man  has  yet  discovered. 
Do  you  wish  to  know  the  underlvinK  principles 
of  MODERN  ELECTRICAL  PRACTICE? 

If  so,  HAWKINS  ELECTRICAL  GUIDES  will  give 
yotl  the  information.  In  reality  they  are  a 
Bchool  within  themselves,  containing  a  complete 
study  course  with  QUESTIONS,  ANSWERS 
AND  ILLUSTRATIONS,  written  in  plain 
everyday  language  so  that  a  practical  man  can 
understand  the  'HOW,  WHEN  AND  WHY" 
OF  ELECTRICITY. 


"THAT'S  JUST  WHAT  I  NEED" 

They  are  haiuisomoly  buuiitl  in  flexible  black 
leather  with  gold  edges  and  will  readily  go  in  the 
pocket.  THEY  ARE  NOT  ONLY  THE  BEST, 
BUT  THE  CHEAPEST  WORKS  PUBLISHED 
ON  ELECTRICITY. 

Each  book  is  complete  in  itself  and  will  be 
Bupplied  Sl.Oa  per  copy,  but  we  beheve  that  the 
complete  set  is  the  best  bargain. 

The  books  can  speak  for  themselves  and  a 
careful  examination,  page  by  page,  and  illustration 
by  illustration,  wiU  con\'ince  you  of  their  big 
value. 

If  you  will  fill  out  the  following  coupon  giving 
all  the  information  requested,  WE  WILL 
SUBMIT  THE  SIX  VOLUMES  FOR 
EXAMINATION  ON  CONDITIONS  NAMED 


FREE  EJfAMINATJON  OFFER 


Theo,  Audel  &  Co..  7?  5th  Ave.,  New  York 

Please  submit  me  lor  v.-xamination  HAWIvIN£ 
ELECTRICAL  UUIDES  (Price  SI  each.) 

Ship  at  once,  prepaid  tlie  6  numbers;  if 
Batisfactory  I  agree  to  send  you  $1  within  sever 
daya  and  to  further  mail  you  $1  each  montt 
until  paid. 


BiKnature , 

Occupation 

Buuness  Address  . 

Residence 

Reference 


RATE.S 

Positions  Vacant.  Positions  Wanted. 
Agents  and  Salesmen  Wanted — 3  cents  a 
word — minimum,  $1.50  an  insertion — pay- 
able in  advance. 

For  Sale.  Wanted  and  all  undisplayed 
miscellaneous  ads — 3  cents  a  word — mini- 
mum, $1.50  an  insertion.  Proposals — J2.00 
an  inch. 

Advertisements  in  display  type  costs  as 
follows  for  single  insertions: 
1-16  page.  I  4,00  I  in.  single  coL,$  3.00 
I-  8  page.  8.00  4  in.  single  col..  10.00 
I-  4  page.  16.00  8  in.  single  col..  20.00 
Contract  rates  on  application 


FOR  SALE 


1-220  K.W.  A.C.  60-cycle.  IIOO  volts.  2-phase 
Generator,  direct-connected  to  a  200  r.p.m.  Buck- 
eye engine,  with  transformers  for  stepping  up  to 
2200  volts,  3  phase,  complete  with  Barometric 
condenser,  motor-driven  condenser  pump,  switch- 
board instruments  and  instnmient  transformers. 
Complete  details  on  application  to  Wisconsin  Gas 
&  Electric  Co..  Racine.  Wis. 


WANTED 


Engine  and  Generator 

High  speed  direct  connected  engine  and  A.C. 
generator,  2300  volt.  60  cycle,  3  phase.  400  or 
500  kw.  Also  belted  set  as  above.  Address 
Box  508,  Hazard.  Kentucky. 


Technical  educated  young  men  for  work  in  ■ 
Testing     Departments.     Good     opportunities 
experience  are  to  be  had.     Apply  by  letter,  I 
ployment.  Box  911,  Pittsburgh,  Pa. 


Salesman 

Eastern    headquarters,    with    established    trade 


On  Tuesday,  February  8th,  191 6.  the  Commis- 
sioners of  the  City  of  Clarksdale,  Mississippi,  will 
receive  bids  on  the  following  second-hand  machinery 
located.in  the  Water  and  Light  Plant  at  Clarksdale. 
Miss. 

One  (1)  I2"xi4",  McEwen  Engine,  Automatic. 

Self -Contained. 
One  (i)  75  K.W.,  3  Phase.  60  Cycle.  2300  Volt, 
self -exciting,    belt-driven.    General    Electric 
Generator. 
One  (i)  Tennessee      Marble    Switchboard,      for 
above,  complete  with  all  necessary  meters, 
transformers,  switches,  etc. 
The  Commissioners  reserve  the  right  to  reject  anv 
or  all  bids.— M.  W.  PumeU.  Clerk. 


FOR  SALE 


Engine  Generator  Boiler 

One  28"  X  56"  X  48"  cross  compound  Rice  & 
Sargent  engine,  direct  connected  to  Westinghouse 
1200  K.W.,  3  phase,  60  cycle.  2300  v..  90  R.P.M. 
generator,  including  Blake  Jet  Condenser,  bronze 
body.  Also  twelve  Babcock  &  Wilcox  water  tube 
boilers,  hp.  rating  390;  180  lbs.  pressure;  including 
piping,  suspensions.  Roney  Stokers  and  stoker 
drive.  Boilers  may  be  purchased  with  or  without 
stokers.  All  apparatus  in  excellent  condition, 
ready  for  in;mediate  delivery.  Address  Nar- 
ragansett  Electric  Lighting  Co.,  Providence.  R.  I 


Power  Plant  for  Sale 

250  hp.  tandem  compound  Skinner  engine,  200 
r.p.m..  direct  connected  to  200  kva.  Crocker- 
Wheeler  generator,  240  volt.  3  phase.  60  cycle. 
complete  with  exciter  and  two  panel  board.  This 
set  has  seen  ver\'  little  use.  Also  two  200  hp. 
SterUng  boilers  with  100  ft.  sack  and  in  Ai  condi- 
tion. Also  Wheeler  condenser  pump,  boiler  feed 
pumps,  air  compressors,  blowers,  motors,  etc.  Will 
be  sold  verj*  cheap.  Address  A.  J.  Stahl.  South 
Bend,  Ind. 


7J^  horsepower  Century  motor;  60-cycle.  one- 
phase,  1 10  or  220  volts.  Used  three  months.  Best 
offer  takes  it.  Address.  Electrical  Service  Co., 
Crystal  Lake,  III. 


ASalesman  with  Technical  Education  as  Mechan- 
ical Engineer. 

We  have  an  opening  for  a  man  who  has  received 
a  technical  education  as  Mechanical  Engineer,  and 
who  is  experienced  as  a  salesman,  to  become  Head 
Salesman  of  our  Heavy  Capacity  Automatic  scales 
for  factor>'  and  warehouse  uses.  He  should  not  be 
younger  than  thirty  nor  older  than  forty  years. 
His  personality  should  be  such  as  to  fit  him  to  as- 
sociate successfully  with  traveling  salesmen  and 
prospective  purchasers  of  Heavy  Capacity  Scales. 

This  will  be  a  traveling  position.  The  man 
should  make  his  residence  in  Toledo,  but  will  spend 
only  one-third  of  his  time  here  in  our  factory  office 
and  two-thirds  in  the  field.  He  must  be  qualified 
to  talk  with  authority  on  the  subject  of  Mechanics 
with  Factory  Superintendents.  Engineers  and 
Scientific  Men,  as  well  as  to  co-operate  effectively 
with  our  own  corps  of  Engineers  in  the  develop- 
ment of  the  Heavy  Capacity  Scales.  He  must  have 
executive  ability  and  be  qualified  not  only  to  sell  the 
scales  himself  but  to  employ,  instruct  and  direct 
other  salesmen. 

This  is  a  difficult  position  to  fill.  It  requires  a 
man  with  an  unusual  training.  We  are  willing  to 
pay  a  liberal  salary. 

Address  Henry  Theobald,  President.  Toledo 
Scale  Company,  Toledo.  Ohio.  All  communica- 
tions will  be  guarded  as  strictly  confidential. 


IN    TIMES    OF    STRESS    Use 
-E     CIROLJIT     BREAKERS 

THE  CUTTER  COMPANY,  Philadelphia,  Pa. 


ELECTRICAL  ENGINEERS  EQUIPMENT    COMPANY 


711   Meridian  Street,  Chicago 
Designers  and  Builders  of  POWER  PLANT  APPLIANCES 

LoBingnlei.  CaL,  217W,4lhSI R.  B.  Clipp 

Fluladalplui.  Pa..  312  Denckla  BIdg.,  Ltwii  i  Rolb  Co. 
RKhmond,  T...  301-302  Amarkan  Nat  I  Bank 


Akron.  0.,  Flaliron  Bids '•  *•  Snear  4  Co. 

Boston.  Mass.,  84  State  St James  C.  Ban 

Denver.  Colo.,  Gas  &  Elefthc  Bld^.  Uore  Electric  Co. 
Detroit.  Mich.,  214  Free  Press  Bldg.  F.R.  Jennings  Co. 

Dulnth,  Minn Bnrgeas  Eectric  Co. 

Indianapelis,  Ind..  318  Amar.  Cent.  Life  Bldg., 

Indianapolis  Engineering  Co. 

lanias  Cit;,  Mo.,  Traders  Bldg . .  0.  i  U.  Snpplj  do. 


The  EaTkint.Eamilton  Co.,  Inc. 
St  Unis,  Mo,  509  Pontiao  Bldg. 

W.  1,  Rose  Supplj  Co. 

Northern  Electric  Company 
Distributors  for  Canada 
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_,       .,  ,   Professor    Joseph    L.     Marklcv,     for 

The  Names  or  .      i         c        ^i       ^^;. 

many  years  a  teacher  of  mathelllatK^ 

Motors  ^j  ^j^g  University  of  Michigan,  used  to 

say,  "All  argument  is,  to  a  large  extent,  a  matter  of 
definition."  With  reference  to  naming  the  different 
types  of  motors  this  statement  impresses  itself  in  two 
ways : — First,  through  the  necessity  of  clearly  defining 
the  different  types  and  their  characteristics  in  order  to 
discuss  them  intelligently ;  and  second,  to  avoid  much 
fruitless  discussion  arising  from  the  misunderstanding 
of  common  ground.  The  first  may  be  likened  to  pro- 
viding the  tools  for  discussion,  and  the  second  to  limiting 
that  discussion  to  material  which  will  yield  actual  results. 
Mr.  Hellmund's  article  in  this  issue  on  the  "Classifica- 
tion and  Nomenclature  of  Electric  Motors"  gives  defi- 
nite form  to  many  ideas  and  expressions  which  have 
been  loosely  used  in  the  past  with  resulting  mental  con- 
fusion. Some  of  the  simpler  definitions  may  seem  to  be 
axiomatic,  but  in  work  of  this  nature  it  is  essential  that 
even  the  elementary  conceptions  be  universally  agreed 
upon,  so  that  they  may  be  used  with  complete  under- 
standing in  the  more  complicated  terms. 

One  of  the  first  impressions  made  by  this  list  is 
wonder  at  the  multiplicity  of  different  types.  It  seems 
only  a  few  years  since  the  direct-current  shunt,  series 
and  compound-wound  motors  and  the  squirrel-cage  and 
phase-wound  induction  motors  constituted  practically  a 
complete  catalogue,  but  at  the  present  time  there  is  of- 
fered a  bewildering  display  of  different  types  with 
almost  limitless  possibilities.  This  is  particularly  true 
of  the  alternating-current  commutator  types.  Perhaps 
there  could  be  no  greater  indication  of  the  progress  of 
the  art  than  this  evidence  of  increase  in  numbers  of 
types  and  this,  after  all,  is  only  incidental  to  the  real 
purpose  of  the  article. 

The  necessity  for  this  cataloguing,  which  has  been 
so  ably  carried  out,  can  be  illustrated  by  an  old  fa- 
miliar term  such  as  that  of  "repulsion  motor."  Prob- 
ably all  designing  and  operating  engineers  who  are  inter- 
ested would  agree  perfectly  on  the  characteristics  and 
operation  of  this  motor,  and  yet  to  question  why  it  is 
called  a  repulsion  motor,  or  to  suggest  other  and  better 
names,  is  to  provoke  a  flood  of  profitless  argument ;  for 
this  reason  the  Institute  subcommittee  is  considering 
omitting  the  term  entirely  and  suggests  the  name  "trans- 
former" motor  in  its  stead,  which  seems  a  more  logical 
expression.  The  committee  has  undertaken  a  work 
which  requires  clear  judgment  and  broad  experience, 
and  if  the  present  form  is  not  the  final  result,  it  certainly 
offers  opportunity  for  full  and  free  discussion  by  every- 
one concerned  and  should  eventually  result  in  the  estab- 
lishment of  standards  which  will  obviate  any  obscurity 
due  to  inadequate  definition.  A.  M.  Dudley 


^L     lyj  Since  sight  is  necessary  for  practically 

all  operations  connected  with  a  mod- 
ac  ory  ^^.^^  industrial  establishment,  it  would 

Lighting  Code  seem  obvious  that  satisfactory  illumi- 
nation is  essential  to  a  successful  factory.  That  this 
has  been  recognized  by  some  of  the  more  progressive 
manufacturing  concerns  is  evidenced  by  articles  which 
have  appeared  from  time  to  time  in  the  technical  press 
— notably  those  by  Mr.  C.  E.  Clewell  and  others  in  past 
issues  of  the  Journal.  As  a  typical  example  of  the 
commercial  value  of  light  may  be  cited  a  case  in  which 
a  loss  of  time  amounting  to  one  or  two  hours  per  day  on 
dark  days  was  entirely  overcome  by  the  installation  of 
an  adequate  lighting  system,  the  cost  of  which  did  not 
exceed  the  wages  of  the  men  in  the  department  for 
more  than  a  few  minutes  per  day.  Careful  attention 
to  correct  lighting  may  thus  produce  fully  as  big  re- 
sults in  increased  efficiency  as  do  any  of  the  more  spec- 
tacular schemes  of  efficiency  engineering.  This  is 
entirely  apart  from  decreasing  the  number  of  indus- 
trial accidents  which,  unless  adequate  artificial  lighting 
is  provided,  tends  to  increase  as  the  hours  of  daylight 
decrease. 

In  this  particular,  as  in  the  safeguarding  of  factory 
machines,  it  has  remained  for  a  few  of  the  more  pro- 
gressive manufacturing  concerns  to  blaze  the  trail,  which 
is  followed  at  a  later  date  by  suitable  legislation,  serving 
to  urge  the  less  progressive  concerns  in  the  same  general 
direction.  The  question  of  factory  illumination  seems 
to  have  reached  the  stage  where  such  legislative  require- 
ments are  beginning  to  be  enacted.  The  States  of  Wis- 
consin and  New  York  have  already  taken  the  initial 
steps,  and  the  Commissioners  of  Labor  and  Industry  of 
Pennsylvania  and  New  Jersey  have  expressed  them- 
selves as  being  in  favor  of  the  adoption  of  a  code 
of  factory  lighting  by  their  respective  States.  It  is 
most  fortunate  that  the  various  legislatures  and  commis- 
sions, in  dealing  with  so  important  a  subject,  can  have 
the  benefits  of  the  experience  of  the  most  prominent 
illuminating  engineers  of  the  country,  as  expressed  in 
the  new  factory  lighting  code  prepared  by  a  committee 
of  the  Illuminating  Engineering  Society  and  discussed 
by  Mr.  C.  E.  Clewell,  chairman  of  the  committee,  in 
this  issue. 

It  is  not  possible  that  all  of  the  conditions  can  be 
completely  covered  by  such  a  code.  It  is  rather  its 
object  to  provide  certain  minimum  conditions  which 
shall  serve  as  a  lower  limit  and  also  to  provide  to  those 
concerns  which  have  hitherto  neglected  this  important 
factor  an  object  lesson  of  what  constitutes  satisfactory 
illumination  from  the  standpoint  of  the  most  effective 
production,  as  well  as  of  the  other  incidental  benefits  to 
be  obtained  therefrom.  Chas.  R.  Riker 


The  Main  Motors  and  Phase  Converter  for  the 
Norfolk  &  Western  Locomotives 
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THE  POWER  for  the  operation  of  the  Norfolk  & 
Western  locomotives  is  delivered  from  the  single- 
phase  trolley  to  the  primary  of  the  locomotive 
transformer  at  25  cycles,  11  000  volts,  and  is  there 
stepped  down  to  725  volts.  At  this  voltage  the  phase 
converter  changes  the  power  from  single  phase  to  two 
phase  and  then,  by  means 
of  the  well-known  Scott 
connection  on  the  trans- 
former, three-phase  energy 
is  supplied  to  the  driving 
motors,  as  shown  in  Fig.  i. 
There  are  four  driving 
motors  per  cab,  or  eight 
motors  per  locomotive,  each 
having  an  hourly  rating  of 
410  horse-power  and  a  con- 
tinuous rating  of  325  horse- 
power at  the  rated  voltage 
and  at  14  miles  per  hour ; 
the  continuous  rating  at  28  miles  per  hour  is  375  horse- 
power. 

The  heavy  freight  service  on  mountain  grades  im- 
poses very  severe  starting  requirements.  The  specifica- 
tions required  that  the  motors  should  be  able  to  deliver 
the  maximum  drawbar  pull  for  a  period  of  five  minutes 
with  the  locomotive  wheels  at  rest.  Tests  taken  by  a 
dynamometer  car  show  that  the  motors  are  able  to  de- 


FIG.    I  —  SCHEMATIC    DIAGRAM 

OF  PHASE  CONVERTER  AND 

SCOTT  CONNECTION* 


-LOCOMOTIVK   IKAMI 


liver  20  percent  in  excess  of  this  required  starting  trac- 
tive effort. 

The  motors  are  of  the  three-phase  wound-secondary 
induction  type,  of  rugged  design  to  withstand  the  me- 


chanical shocks  peculiar  to  locomotive  service.  They 
are  mounted  in  pairs  in  each  truck,  with  the  pinions  of 
each  pair  of  motors  meshing  into  common  gears. 

In  order  to  provide  convenient  facilities  for  over- 
hauling the  locomotives  some  radical  departures  from 
usual  railway  practice  have  been  made  in  the  design  of 
these  motors.  Vertical  lifts  with  a  crane  are  by  far  the 
more  convenient,  as  the  crane  operator  has  more  con- 
trol over  the  apparatus  he  is  handling  in  vertical  lifts 
than  in  sidewise  movements ;  especially  is  this  true  in 
the  handling  of  motors,  where  there  is  danger  of  dam- 
aging the  insulation.  With  this  in  view,  the  cast  steel 
motor  frame  was  made  of  semi-cylindrical  shape  and 
bolted  permanently  between  the  locomotive  side  frames, 
as  shown  in  Fig.  2.     Tlie  stator,  rolor  and  housings  to- 


*For   more   detailed   diagram    of    connections   see   Fig.   6, 
p.  475,  of  the  Journal  for  Oct.,  1915. 


I  ir,.  3 — INDUCTION   MOTOR  STATOR 

gether  are  lowered  into  this  frame  and  are  quickly  and 
conveniently  bolted  into  place. 

The  stator  is  turned  to  accurate  outside  diameter  to 
fit  the  bore  of  the  frame,  and  is  held  in  place  by  two 
steel  keys  parallel  to  the  axis  and  bolted  to  the  motor 
frame.  The  stator  punchings  are  built  up  on  a  mandrel 
and  riveted  between  cast  steel  end  rings  when  under 
hydraulic  pressure:*  The  longitudinal  holes  in  the  core 
provide  suitable  ventilating  ducts.  The  stator  winding 
is  of  formed  diamond  shape  coils  of  strap  copper  insu- 
lated with  a  high-grade  heat-proof  insulation.  Retain- 
ing rings  on  both  the  inside  and  outside  of  the  end  wind- 
ing keep  the  coils  rigidly  in  place.  All  the  wiring  around 
frame  details  are  securely  clamped,  as  shown  in  Fig.  3. 
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The  rotor  core  is  assembled  on  a  cast  steel  spider 
with  the  standard  dove-tailing  of  pimchings  on  the 
spider  arms,  and  the  punchings  are  bolted  under  pres- 
sure between  end  plates,  designed  also  to  serve  as  sup- 
ports to  the  coil  extensions.    The  rotor  coils  are  placed 


I-IG.    4 — INDUCTION     MOTOR    WOUND    SECONDARY 

in  partly  closed  slots  and  secured  with  the  usual  fibre 
wedges.  The  end  windings  are  banded,  as  shown  in 
Fig.  4,  to  care  for  the  centrifugal  forces  incidental  to 
high  rotor  velocities.  The  two  locomotive  speeds  of  14 
and  28  miles  per  hour  are  secured  by  pole  changing  of 
both  the  rotor  and  stator.  Therefore,  six  collector  rings 
are  necessary,  three  at  each  end  of  the  rotor. 

Another  interesting  feature  of  the  motor  design  is 
that  oil  ring  lubrication  has  been  adopted.  This  insures 
a  good  flow  of  oil  to  the  bearings.  A  cast  steel  housing 
contains  the  bearing  and  provides  suitable  oil  well  ca- 
pacity, the  housing  cap  being  secured  by  four  bolts. 
Split  bronze  bearings  with  babbited  linings  are  used. 
The  upper  half  bearing  has  oil  grooves  to  provide  for 
thorough  lubrication  of  the  shaft,  and  there  are  two  oil 
rings,  side  by  side,  to  insure  lubrication,  even  though  one 


carried  into  the  air  ducts  and  deposited  in  the  windings. 
In  order  to  strengthen  the  windings  against  the  injurious 
effects  of  this  deposit,  both  the  rotor  and  stator  have 
been  dipped  in  varnish  and  then  baked,  a  process  which 
very  materially  strengthens  the  insulation  against  volt- 
age strains  due  tn  oree]ia<je. 


FIG.    7 — METHOD   OF    CHANl.l: 


MOTOR  BEARINGS 


By  means  of  longitudinal  ducts  in  both  the  rotor  and 
stator,  forced  air  is  taken  in  at  one  end  and  exhausted 
at  the  other.  With  this  method  of  ventilation  there  are 
no  sharp  corners  such  as  occur  with  radial  ventilation. 
The  ventilating  air  is  secured  from  a  blower  mounted  on 
the  shaft  of  the  phase  converter. 

To  facilitate  locomotive  overhaul  the  phase  con- 
verter is  also  designed  to  provide  for  vertical  lifts.  The 
phase  converter,  starting  motor  and  blower  fan  are 
mounted  as  a  unit,  which  is  readily  removable  from  the 
locomotive.  It  is  also  possible  to  remove  all  but  the 
frame,  leaving  the  latter  bolted  in  place.  Further,  the 
fan,  the  starting  motor  stator  and  rotor  are  each  inrle- 
pendentlv  removable. 


FIGS.  5  and  6 — main  motor  bearings 

of  the  rings  should  become  damaged  or  refuse  to  turn, 
due  to  friction  of  the  ring  against  the  bearing  wall. 
Bearing  renewal  is  accomplished  by  removing  the  cap, 
raising  the  armature  slightly  in  the  air  gap  and  turning 
the  bearing  on  the  shaft,  as  shown  in  Fig.  7. 

As  the  locomotives  operate  in  the  coal  fields  the 
pushing  locomotive  is  frequently  enveloped  in  clouds  of 
coal  dust  from  the  tops  of  the  cars,  some  of  which  is 


FIG.    8 — STATOR    CORE   OF    PHASE   CONVERTER 

The  converter  frame  is  of  simple  construction.  Since 
the  machine  delivers  but  little  mechanical  torque,  the 
frame  has  only  to  carry  the  converter  weight  and  to 
withstand  the  vibrations  and  shocks  due  to  end  thrust. 
The  half-cylinder  construction,  therefore,  is  ideal   for 
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this  service.  The  starting  motor  end  is  liberally  ribbed 
to  withstand  locomotive  end  shocks.  The  frame  is  faced 
on  the  longitudinal  center  line;  therefore  it  is  possible 
to  bore  the  stator  seat,  housing  seats  and  starting  motor 


insulated  bolts  were  properly  spaced  on  a  circle  near 
the  roots  of  the  teeth.  These  points  are  illustrated  in 
Fig.  8,  which  shows  the  care  that  was  taken  to  build  up 
a  core  free  from  vibration  of  iron  with  the  consequent 
insulation  breakdown.  In  addition,  fish  paper  U-pieces 
are  placed  at  the  end  of  each  slot  to  prevent  the  end  of 
the  iron  from  cutting  into  the  insulation.     A  sheet  steel 


FIG.   9 — STATOR   WINDINGS   OF   PH.\SE   CO.WKKTl.R 

seat  with  one  setting  on  the  boring  mill.     This  provides 
for  accurate  alignment  of  rotors  in  the  air  gap. 

The  stator  core,  shown  in  Fig.  8,  contains  several 
very  interesting  features.  It  was  proved  by  tests  that 
for  this  particular  type  of  machine  central  duct  ventila- 
tion was  both  economical  and  effective.  The  problem 
then  became  one  of  building  up  a  substantial  core  with 
suitable  ducts  and,  at  the  same  time,  without  adding  too 
much  to  the  axial  length,  since  this  was  a  limitation  in 
the  design.  Two  halves  were  built  up  independently  and 
riveted  under  pressure  between  cast  steel  end  plates. 
i  he  end  plates  at  the  center  have  lugs  which  are  care- 


FIG.    10 — VIEW   OF   ASSEMBLED   PHASE  CONVERTER 

The  blower  is  mounted  on  the  shaft  extension  at  the  right. 

fully  machined ;  a  lip  on  the  one  engages  a  recess  on  the 
other  which  centers  the  two  halves  during  assembly.  In 
order  to  prevent  flaring  of  the  punchings  brass  finger 
plates  were  used,  and  on  account  of  the  depth  of  iron 
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FIG.   II — HAUVES  OF  CUNVERTKK  ROTOR  CORE 

disc  was  placed  between  the  two  halves  so  that  the  ex 
haust  air  from  one  end  would  not  oppose  that  from  the 
other  in  the  duct.  As  shown  in  Fig.  lo,  the  stator  wind- 
ing was  very  securely  clamped  to  withstand  the  locomo- 
tive vibrations  and  also  the  magnetic  shocks  incidental 
to  starting  the  converter,  the  bouncing  of  the  trolley  and 
peak  starting  loads  on  the  main  motors. 

The  rotor  is  of  the  simplest  and  most  rugged  design 
possible.  Like  the  stator,  two  halves  are  built  up  sep- 
arately and  mounted  on  the  shaft  with  proper  slot  align- 
ment. The  simple  squirrel-cage  winding  of  induction 
motors  was  used,  the  rotor  bars  being  electrically  brazed 
to  the  short-circuit  end  rings.  The  converter  bearings 
have  oil  ring  lubrication,  and  they  are  of  the  split  type, 
so  that  it  is  possible  to  remove  them  without  disturbing 
any  other  part  of  the  apparatus. 

To  check  the  air-gap,  maximum  and  minimum  air- 
gap  gauges  are  used.    A  cored  hole  is  made  in  the  frame 


FIG.    12 — ROTOR  OF  PHASE  CON\'ERTER  AND  STARTING   MOTOR 

at  the  proper  radius  and  at  the  bottom.  The  gauge  is 
here  inserted,  a  maximum  gauge  for  new  bearings,  and 
a  minimum  gauge  to  indicate  when  bearings  should  be 
removed. 

The  starting  motor  is  of  the  straight  series  com- 
mutator type  of  liberal  design,  and  is  so  arranged  that 
its  brush-holder  bracket,  armature  or  stator  can  be 
removed  independently. 
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WHEN  an  alternating  current  flows,  a  magnetic 
field  is  formed  around  and  inside  of  the  con- 
ductor. The  lines  of  force  of  this  alternating 
magnetic  field  cut  the  conductor,  and  thereby  produce 
a  voltage  drop  along  it  which  is  not  the  same  at  all 
parts  of  the  section.  There  is,  in  general,  more  effective 
choking  action  on  the  current  near  the  central  parts  of  a 
conductor  than  there  is  near  the  outermost  parts,  and 
so  the  current  tends  to  crowd  toward  the  outside.  This 
tendency  is  more  pronounced  as  the  frequency  becomes 
higher.  The  tendency  of  alternating  current  to  flow  in 
the  outside  part  of  a  conductor  is  called  the  "skin  effect." 

In  this  article  the  calculation  of  skin  effect  is  de- 
scribed and  compared  with  tested  results  for  the  partic- 
ular case  of  a  return  circuit  composed  of  two  strap  con- 
ductors lying  in  parallel  planes  close  together,  as  shown 
in  cross  section  in  Fig.  i.  This  case  may  be  of  practical 
application  with  low-voltage  conductors,  and  in  low- 
voltage  transformers. 

A  valuable  and  extensive  series  of  tests  of  skin 
effect  and  reactance  has  recently  been  completed.*  In 
this  paper  it  is  stated  that  there  are  no  formulas  avail- 
able for  calculating  the  skin  effect  of  copper  strap  in 
practical  problems.  The  formula  which  was  used  for 
giving  the  nearest  approximate  calculated  value  is  not 
useful  in  practical  cases,  since  the  tested  values  of  skin 
effect  are  about  ten  times  as  great  as  the  values  calcu- 
lated by  that  formula.  The  following  formula,  (j), 
which  is  believed  to  be  new,  gives  close  agreement  with 
the  tests  for  one  position  of  strap  conductors,  namely, 
where  the  straps  lie  in  parallel  planes  close  together,  and 
by  inference  it  tends  to  confirm  the  tests  for  the  other 
positions.  The  derivation  of  the  formula  is  given  at 
the  end  of  this  article. 

The  skin  effect  impedance  ratio  in  a  circuit  composed 
of  two  wide  straps  close  together  in  parallel  planes  is, — 
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frequency  in  cycles  per  second. 
a  :=  thickness  of  strap  in  centimeters. 
r  =  resistivity  of  the  strap  in  ohms  per  centimeter  cuhe. 

♦"Experimental  Researches  on  Skin  Eflfect  in  Conductors," 
by  Messrs.  A.  E.  Kennelly,  F.  A.  Laws  and  P.  H.  Pierce,  Proc. 
A.I.E.E.,  August,  191S.  P-  1749- 
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The   real  component  of  this  ratio  is  -^,  the  "skin 

effect  resistance  ratio,"  that  is,  the  ratio  of  the  resist- 
ance for  alternating  current  to  the  resistance  for  direct 
current.  The  reactance  is  changed  with  change  of  fre- 
quency as  well  as  the  resistance,  the  reactance  being  de- 
creased, while  the  resistance  is  increased,  bv  an  increase 
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FIG.   I — CROSS   SECTION  OF  RETURN  CIRCUIT 

of  frequency.  The  amount  of  this  change  may  be  cal- 
culated by  means  of  the  imaginary  component  of  equa- 
tion (j),  which  is  ^,  the  "skin  effect  reactance  ratio" 

X'  being  the  reactance  due  only  to  flux  cutting  the  strap. 

The  two  series  of  equation  (/)  are  convergent  and 
are  the  same  as  those  used  in  the  expansion  of  the 
hyperbolic  sine  and  cosine.  They  are  of  similar  form  to 
those  used  in  the  expression  for  "skin  effect  of  an  in- 
finitely wide  conductor"  given  in  the  institute  paper 
referred  to,  but  they  involve  different  constants. 

When  m  is  not  greater  than  about  4,  a  shorter 
method  than  equation  (/)  may  be  used,  and  the  skin 
effect  resistance  ratio  may  be  calculated  directly  by, — 
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FIG.  B — SKIN   EFFECT  RATIO,  Rac/Rdc. 

Size  of  copper  strap,  0.159  by  3.81  cm. 

i?' 

The  calculated  values  of  -^  for  the  strap  conductors 

described  in  the  paper  referred  to  are  plotted  in  Fig.  2. 
They  are  seen  to  have  good  agreement  with  the  tested 
values  given  in  that  paper. 
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An  expression  for  the  inductance  of  the  above  type 
of  circuit  may  be  derived  from  equation  (j)  by  adding 
the  effect  of  the  magnetic  flux  in  the  air  space  between 
the  parallel  straps.    This  gives, — 
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henrys  per  centimeter  of  strap,  where  a  is  the  thickness 
of  the  straps,  b  is  the  width  of  the  straps,  and  c  is  the 
air  space  between  them.  Dimensions  a,  b  and  c  are  to 
be  expressed  in  the  same  units. 

This  formula  also  can  be  checked  by  the  tests  re- 
ported in  the  paper  by  Messrs.  Kennelly,  Laws  and 
Pierce.  Taking  6638  cm.  as  the  length  of  strap  in  the 
return  circuit,  which  value  was  furnished  to  the  writer 
by  the  authors  of  the  above  paper,  the  calculated  values 
of  total  inductance  plotted  in  Fig.  3  are  obtained,  and 
are  seen  to  agree  closely  with  the  measured  values. 

It  is  worthy  of  note  that  the  formula*  for  the  induct- 
ance of  a  return  circuit  of  strap  agrees  with  the  tests  for 
low  frequencies,  except  where  the  spacing  is  small. 
When  the  straps  are  very  close  together  this  formula 
must  not  be  used,  but  formula  (4)  must  be  used  instead. 
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FIG.  3 — SELF-INDUCTANCE  OF  CIRCUIT 

Size  of  copper  straps,  0.159  by  3.81  cm. 

."Mr  space  between  them,  0.05  cm. 

Total  length  of  strap  in  return  circuit,  6638  cm. 

Where  the  spacing  is  about  equal  to  the  width  of  the 
strap  neither  formula  gives  close  restilts. 

DERIVATION    OF    THE    FORMULA    FOR    SKIN     EFFECT    AND 

INDUCTANCE    IN    A    RETURN     CIRCUIT    COMPOSED 

OF   TWO    STRAPS    IN    PARALLEL    PLANES 

CLOSE   TOGETHER 

Let  the  current  density  at  dx.  Fig.  I,  in  amperes  per  sq. 

cm.  be, — 

i'   =  flo  -f  aix  +  a-iX-  -f   +  a^x^  +   {$) 

The  total  current  between  the  top  surface  and  dx,  per  cm. 
of  widtli  of  strap,  is, — • 

/'   =     P  i'dx         ((3) 
The  fiu.x  density  at  dx  is, — 

=  I  <2oX-   -f    — -    -f  — —    -f-     -I-    -—7—,   +     )  (7) 

10        10    \  23  n  +  I  I 

The  flux  between  the  inner  surface  of  the  strap  and  dx  is, — 


-y. 


*Given  in  the  Bulletin  of  the  Bureau  of  Standards,  Vol.  8, 
No.  I,  p.  155- 


The  total  drop  in  volts  per  cm.  of  strap  is, — 

V   =  J2ir/0'jo-8  +   i'r 
Therefore — , 


I  1-2^     2-3  ^ 

+  r  (^  ao  +  aix  -f  a^x-  -f 
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Cnd"'''' 


(n  +  i)(n  +  2) 

OnX'^*- 


(n  +  i)(,n  +  2)^   ■■■ 

+    flnX-"    -f-    ....    )        (8) 
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V  is  the  same  for  all  values  of  x,  since  the  current  takes 
up  such  a  distribution  that  the  voltage  drop  is  the  same  at  all 
sections  of  the  strap.    Accordingly,  the  coefficients  of  x,  x',  etc., 
may  be  equated  to  zero.    Thus, — 
Oi    =    o 

jSTfiflo-^ 
"=   =     lX2r''' 
jmat, 
°^   I  X  2a' 
Sirja'io-^ 


3X40.' 


°"''         (an  —  /)  (an)  a- 

jmr  r  aoa"         a^a* 

V  =  aor  +  ■'-^    -rz.  +  r:;  + 

a-    L  12        3  4 


(2n  +  I)  {2n  +  2) 
Putting  all  in  terms  of  Oo, — 

V  =  aor  \  I  +    |—    -f    r-—   -t-    .  . 


(jwj) 
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The  total  current  per  centimeter  of  width  of  strap  is  found 
by  putting  x  =  a  in  equation  (6).    Thus, — 


/  =   floa  -f 


-I- 


-I- 


a»na-" 


-f 
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By  putting  all  the  coefficients  in  terms  of  Oo  we  obtain, — 
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Therefore,  from  equation   (p), — 
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Now  V  is  the  drop  due  to  alternating  current,  per  centi- 
meter of  length  of  strap,  and  is  equal  to  IZ'  where  Z'  is  the 

impedance,  —is  equal  to  IR,  the  drop  due  to  a  direct  current 
/,  where  R  is  the  resistance  to  direct  current  per  centimeter  of 
the  strap.     Therefore, — 


jm         (jm)' 


( jm)" 


jm  (jm)'  ^ 
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which  is  equation  (/). 
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Some  Thermal  and  Mechanical  Features  of 
Transformer  Windings 


W.   M.   McCoNAHEY 

Engineer  in  Charge, 

Transformer  Engineering  Dept., 

Westinshonse  Electric  &  Mfg.  Company 


THE  maximum  load  that  a  transformer  can  carry 
is  limited  by  the  maximum  temperature  that  the 
insulation  can  withstand  without  injury  and  not 
by  the  temperature  rise.  This  maximum  temperature  is 
fixed  by  the  A.I.E.E.  rules  at  105  degrees  C.  for  the  ma- 
terials that  ordinarily  enter  into  transformer  construc- 
tion. These  rules  also  assume  that  the  temperature  of 
the  hottest  spot  in  the  windings  may  exceed  the  observ- 
able temperature  by  not  more  than  10  degrees ;  this  fixes 
the  maximum  observable  temperature  at  95  degrees.  An 
exception  is  made  of  oil-insulated,  water-cooled  trans- 
formers, fixing  the  hottest  spot  limit  at  90  degrees,  thus 
making  the  maximum  observable  temperature  80  de- 
grees.   There  is  no  apparent  good  reason  for  this  excep- 


FIG.    I — TYPICAI,   Tlt.\NSl-ORMi;R   COILS 

In  front  is  shown  a  high  voltage  layer  wound  coil,  par- 
tially taped.  The  coil  is  wound  with  small  round  wire.  It  is 
given  one  layer  of  tape  to  bind  it  together,  after  which  it  is 
impregnated  with  gum.  It  is  then  given  another  layer  of  tape, 
followed  by  successive  dippings  in  varnish  and  dryings  to  fill 
the  tape  and  give  it  a  good  gloss. 

At  the  rear  is  shown  a  low  voltage  cylindrical  coil,  vvound 
with  rectangular  wire  on  a  Bakelite  micarta  insulating  cylinder, 
partially  taped.  Bakelite  micarta  end  collars  are  slipped  over 
the  cylinder  to  press  against  the  coil  and  brace  it.  After  wind- 
ing and  taping,  the  coil  is  impregnated  in  gum. 

tion,  and  most  manufacturers  will  guarantee  water- 
cooled  transformers  on  the  same  basis  as  the  self-cooled, 
that  is,  with  a  maximum  observable  temperature  of  95 
degrees. 

It  is  assumed  that  the  maximum  temperature  of  the 
cooling  medium  likely  to  be  encountered  is  40  degrees 
for  air  and  25  degrees  for  water.  On  this  basis  the 
maximum  standard  temperature  rise  allowable  by 
A.I.E.E.  rules  is  95  —  40  =  55  degrees  for  self-cooling, 
and  80  —  25  =  55  degrees  for  water  cooled  trans- 
formers. In  any  case  it  is  the  actual  temperature  of 
the  windings  and  not  the  temperature  rise  that  counts, 
and  the  actual  hot  spot  temperature  should  not  exceed 
105  degrees.    The  lower  the  temperature  of  the  cooling 


medium,  the  greater  the  load  that  the  transformer  can 
carry  safely,  and  vice  versa. 

In  the  past  it  was  the  practice  to  make  temperature 
guarantees  for  two  different  loads,  generally  full  load 
and  one  and  one-quarter  load.  However,  it  is  now 
understood  that  when  a  transformer  is  designed  to  carry 
its  maximum  load  at  a  safe  temperature,  all  necessary 
and  essential  heating  requirements  are  met,  and  tests  at 
other  loads  serve  no  useful  purpose.  It  is  standard 
practice  now  to  make  guarantees  on  the  basis  of  the 
maximum  single  rating;  it  is  also  standard  practice  to 
provide  high-voltage  taps  for  voltages  ten  percent  below 
normal,  and  transformers  are  so  designed  that  they  will 
meet  standard  temperature  guarantees  when  operating 


FIG.   2 — LAKGE    SECTION    WOUND    COIL 

Covered  with  insulating  spacers.  Showing  the  heavy  insu- 
lation between  end  turns  to  prevent  breakdown  from  high 
liotential  surges. 

at  full  k.v.a.  output  at  reduced  high  voltages  correspond- 
ing to  the  taps. 

The  standard  method  of  measuring  the  temperature 
of  transformer  windings  is  the  resistance  method,  al- 
though thermometers  should  be  applied  as  a  check  wher- 
ever this  can  be  done  conveniently.  Whichever  method 
shows  the  higher  temperature  rise  should  be  accepted. 
For  oil-cooled  transformers  it  is  generally  difficult  and 
often  impossible  to  get  a  thermometer  into  close  contact 
with  the  windings,  so  that  the  resistance  method  is  used 
almost  exclusively.  For  air-blast  transformers,  ther- 
mometers can  be  inserted  in  the  ventilating  ducts  in 
close  contact  with  the  coils  without  much  trouble,  and  in 
testing  this  class  of  transformers  thermometers  are 
always  used.  In  air-blast  transformers  pockets  are 
sometimes  found  where  the  air  circulates  very  poorly, 
and  these  give  rise  to  hot  spots.  Thermometers  are  par- 
ticularly useful  in  locating  such  places. 

Thermocouples  and  resistance  coils  are  very  unsat- 
isfactory means  of  measuring  transformer  temperatures. 
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as  they  will  not  give  reliable  indications  unless  brought 
into  close  contact  with  the  conductors.  Doing  this  not 
only  weakens  the  transformer  insulation,  but  also  in- 
volves danger  in  handling  the  leads  coming  from  the 
temperature  indicating  coil.  Transformer  windings  are 
open  and  well  ventilated  and  not  tightly  wrapped  and 


FIG.    3 — A    FINISHED    GROUP    OF    HIGH-VOI.T.\GE    COILS    RE.\DY    TO    BE 
.■\SSEMBI,ED  ON  THE  TRANSFORMER 

Showing  the  spacers  which  center  the  high-voltage  coils  on 
the  cyhndrical  insulating  barrier  and  provide  paths  for  the  free 
circulation  of  the  cooling  oil  along  the  inside  surface  of  the 
column  of  coils;  also  the  spacers  which  separate  the  individual 
coils  and  provide  additional  cooling  surface.  Assembling  the 
coils  in  groups  in  this  manner  greatly  facilitates  the  placing  of 
the  coils  on  the  transformer. 

enclosed  in  slots  as  in  generators,  so  that  hot  spots  such 
as  may  exist  in  generators  are  not  found  in  trans- 
formers. 

The  temperature  of  the  oil  is  not  of  great  impor- 
tance. The  temperature  of  the  windings  will  always  be 
several  degrees  in  excess  of  that  of  the  oil,  and  any  load 
that  does  not  produce  a  dangerous  temperature  in  the 
windings  will  not  heat  the  oil  bevond  safe  limits. 


FIG.    4 — ASSSEMBLING    OF    I.0W-V0LT.\GE    COIL,    REACTIVE    IRON     AND 
CYLINDRICAL   INSULATING  BARRIER   FOR  A    HIGH- 
REACTANCE   TR.\NSFORMER 

The  low-voltage  cylindrical  coil  is  wound  on  the  inside 
micarta  cylinder.  The  reactive  iron  is  cut  in  strips  of  proper 
length  and  riveted  to  the  ends  of  the  insulating  barrier,  a  sec- 
tion of  micarta  cylinder  separating  the  reactive  iron  from  the 
low-voltage  coil.  This  is  a  most  satisfactory  way  of  providing 
the  high  reactance  necessary  for  rotary  converter  operation. 
The  external  cylindrical  micarta  insulating  barrier  separates  the 
high  and  low-voltage  windings  and  allows  liberal  ventilating 
ducts  for  cooling  the  low-voltage  winding. 


As  a  rule,  the  insulation,  particularly  of  air-blast 
transformers,  is  separated  from  the  iron  by  ventilating 
ducts,  so  that  the  iron  may  operate  at  a  temperature  be- 
yond what  would  be  safe  for  the  insulation  without  in 
any  way  injuring  the  latter.  For  this  reason  any  arbi- 
trary limitation  to  the  temperature  rise  of  the  iron  in  an 
air  blast  transformer  is  generally  a  handicap,  as  it  may 
increase  the  cost  of  the  transformer  without  in  any  way 
improving  its  quality.  In  an  oil-cooled  transformer,  the 
iron  is  cooled  much  better  than  in  an  air  blast,  so  that  its 
temperature  will  very  seldom  reach  that  of  the  windings. 

CONDUCTORS 

The  conductors  used  for  transformer  windings  are 
round,  square  and  rectangular  copper  wires.  The  small 
conductors  are  almost  invariably  round  wire  up  to  and 
including  approximately  0.0907  inch  diameter.  Square 
and  rectangular  wires  are  very  unsatisfactory  in  these 
sizes.  Square  wire  is  not  made  in  sizes  much  smaller 
than  0.0907  inch,  and  for  such  small  sizes  it  is  difficult 
to  wind  because  of  a  tendency  to  turn  on  edge  and  cut 


lie.   5 — THE   PRINCIPAL   PARTS   ENTERING   INTO   THE   ASSK.VIHLV   OF   A 
HIGH-VOLT.'VGE  CORE-TYPE  TRANSFORMER 

Showing  the  cruciform  core  held  together  temporarily  by 
tape  ready  for  the  assembly  of  the  winding;  the  low-voltage 
coil  assembly,  including  the  reactive  iron  and  insulated  barrier 
shown  in  Fig.  4 ;  and  the  additional  insulating  barrier  for  slip- 
ping over  the  one  assembled  with  the  low-voltage  coil  (one  or 
more  such  barriers  are  used,  depending  upon  the  voltage  of  the 
transformer)  ;  the  micarta  collars  for  supporting  and  spacing 
the  columns  of  the  high-voltage  coils ;  the  group  of  high-voltage 
coils  shown  in  Fig.  3 ;  the  boxing  for  enclosing  the  tap  terminals 
( taps  for  voltage  variation  are  brought  out  from  near  the  mid- 
dle of  the  winding)  ;  insulating  barrier  placed  between  the  two 
columns  of  high-voltage  coils ;  insulating  and  ventilating  blocks 
placed  under  and  above  the  columns^  of  coils ;  channel  iron  end 
frames.  A  complete  winding  is  shown  assembled  on  one  leg 
of  the  core. 

through  the  insulation  on  the  corners  of  the  wire,  partic- 
ularly at  the  end  of  a  layer  when  going  from  one  layer 
to  the  next.  Rectangular  wire  in  such  small  sizes  is 
also  unsatisfactory,  because  it  is  so  thin  that  the  edges 
are  even  more  liable  to  cut  through  the  insulation  than 
square  wire,  and  it  is  uneconomical  of  space,  because  the 
insulation  between  layers  occupies  such  a  larger  propor- 
tion of  the  space  as  compared  with  the  thin  conductor. 

Transformer  coils  are  divided  according  to  the 
method  of  winding  into  two  general  classes,   namely. 
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layer  wound  and  section  wound  coils.  Layer  wound 
coils  are  those  that  are  wound  with  several  layers  and 
several  turns  per  layer,  as  shown  in  Figs,  i  and  3.  Sec- 
tion wound  coils  are  those  that  are  wound  with  several 
layers,  but  with  only  one  turn  per  layer.  Cylindrical 
coils  wound  with  square  or  rectangular  wire,  as  shown 
in  Fig.  I,  may  be  considered  as  section  wound  coils  when 
wound  with  one  layer  of  many  turns  per  layer. 

Layer  wound  coils  are  nearly  always  wound  with 
round  wire,  but  occasionally  with  square  wire.  They 
can  be  wound  most  satisfactorily  in  circular  form,  but 
they  are  also  often  wound  in  rectangular  form.  Since 
the  conductors  are  comparatively  small  these  coils  lack 
stiffness  and  rigidity  and  are,  therefore,  not  satisfactory 
when  made  in  large  sizes,  particularly  if  they  are  of  the 
rectangular  form. 

Section  wound  coils  are  wound  with  square  or 
rectangular  wire;  obviously  round  wire  cannot  be  used, 
since  it  would  fall  apart.    Sections  may  be  wound  with 


FIG.  6 — TR.ANSFORMER  COMPLETELY  .ASSEMBLED   EXCEPT  FOU  ONE 
COLUMN   OF   HIGH-VOLT.\GE  COILS 

one  wire  or  with  two  or  more  wires  in  parallel,  depend- 
ing upon  the  amount  of  current  to  be  carried.  They 
can  be  wound  in  either  circular  or  rectangular  form.  A 
coil  may  consist  of  one  or  two  sections  assembled  to- 
gether, but  if  three  or  more  sections  are  used  the  inside 
ones  are  blanketed  in  such  a  way  as  to  get  poor  ventila- 
tion, and  therefore  become  unduly  hot.  When  the  wires 
are  of  reasonably  large  cross-section  there  is  no  trouble 
in  winding  large  coils  that  are  mechanically  strong  and 
rigid,  as  shown  in  Fig.  2.  Small  section  wound  coils  do 
not  have  to  be  as  strong  as  large  ones,  and  can  there- 
fore be  wound  with  smaller  wires.  For  the  smaller 
coils  the  conductors  used  are  generally  of  such  a  width 
as  to  give  a  thickness  of  coil  or  section  of  approximately 
three-sixteenths  to  one-fourth  inch,  and  for  the  larger 
sizes  a  thickness  of  0.3  to  0.35  inch.  If  the  conductors 
are  much  wider  than  0.35  inch,  the  eddy  currents  are 
liable  to  be  large  and  the  heating  will  be  increased.    The 


greater  the  thickness  of  coil,  other  things  being  equal, 
the  less  is  the  area  of  surface  per  watt  radiated,  and 
therefore  the  temperature  must  be  higher. 

High-frequency    disturbances    wliich   are   set    up   in 
electrical  transmission  and  distributiim  systems,  due  to 


FIG.   7 — ALL   CIJILS   .\SSEMBLE1)   ON    TR.\NSFORMER 

Barrier  between  coils  and  boxing  for  tap  terminals  in  place. 
Yoke  partly  built  in. 

various  causes,  produce  extra  stresses  upon  the  end 
windings  of  transformers.  In  general,  the  stresses  are 
ffreater  the  higher  the  voltage  of  the  system.     In  order 


FIG.   8 — TR.\NSF0RMER   COMPLETELY   ASSE.MBLEU   AND   READY    FOR 
PLACING    IN    TANK 

to  guard  against  troubles  from  this  source  the  end  coils 
of  the  high-voltage  windings  are  wound  so  as  to  pro- 
vide very  heavy  insulation  between  the  turns.  In  layer 
wound  coils  this  is  secured  by  placing  heavy  insulation 
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between  layers  and  getting  considerable  mechanical  sep- 
aration between  adjacent  turns  by  winding  cord  of  the 
same  diameter  as  the  wire  between  them.  The  number 
of  cords  used  between  two  turns  varies  from  one 
to  three,  depending  upon  the  amount  of  mechanical 
separation  required  in  order  to  secure  the  necessary 
electrical  strength.  In  section  wound  coils,  the  extra 
insulation  strength  of  the  end  turns  is  secured  by  wrap- 
ping around  the  conductors  sleeves  of  paper  and  cloth 
that  are  much  heavier  than  those  in  the  main  body  of 
the  winding  and  also  placing  thick  strips  of  insulation 
between  turns,  so  as  to  get  considerable  mechanical  sep- 
aration, as  shown  in  Fig.  2.    These  methods  of  strength- 


FIG.    9 — COMPLETE    75    K.V..\.    TK.\NSFORMER    I.N    SEEir-COOLl.NG    T.\NK 

Single-phase,  25  cycles,  63  000  to  370  volts,  five  percent  reactance. 

ening  the  end  turns  have  been  proved  by  long  and  exten- 
sive experience  to  be  exceedingly  effective  in  resisting 
high  frequency  disturbances.  Breakdowns  from  this 
cause  of  transformers  insulated  in  this  manner  are 
almost  unknown. 

In  core  tvpe  transformers  the  low-voltage  coils  are 
generally  wound  in  cylindrical  form  or  in  rectangular 
tubular  form,  depending  upon  the  shape  of  the  core 
they  have  to  fit  over.  They  are  generally  wotmd  with 
only  one  layer,  although  it  is  not  uncommon  to  have  two 
layers,  and  more  may  be  used  if  proper  ventilating  ducts 
are  provided. 


For  moderate  voltages,  say  from  2200  to  6600  volts, 
depending  upon  the  size  of  the  transformer,  the  high 
voltage  coils  are  generally  wound  in  the  same  manner 
as  the  low  voltage.  For  higher  voltages,  the  high  volt- 
age coils  are  comparatively  thin  disc-shaped  coils  stacked 
one  on  top  of  the  other.  The  coils  are  generally  layer 
coils,  although  section  wound  coils  made  up  of  two  sec- 
tions are  frequently  used.  They  are  made  thin  so  as  to 
secure  good  cooling  and,  in  addition,  ventilating  ducts 
are  provided  wherever  necessary.  The  insulating  bar- 
rier between  high  voltage  and  low  voltage  windings,  in 
the  type  of  transformers  shown  in  Figs.  5  to  10,  con- 
sists of  a  micarta  tube.  These  tubes  have  very  high 
dielectric  strength,  are  rigid  and  strong  mechanically, 
are  not  affected  by  oil, 
and  are  in  every  way 
the  best  barriers  that 
have  yet  been  devised 
for  providing  insula- 
tion between  the  high 
voltage  and  low  volt- 
age windings  of  core 
type  transformers.  The 
surfaces  are  straight 
and  smooth  and  pro- 
vide an  ideal  path  for 
the  flow  of  the  cooling 
oil  as  it  passes  through 
the  ducts  placed  be- 
tween the  barrier  and 
the  low  voltage  coils 
on  one  side  and  the 
high  voltage  on  the 
other.  The  coils  are 
l)raced  at  the  ends  of 
the  columns  so  as  to 
hold  them  rigidly  in 
place  and  prevent  dis- 
tortion or  destruction 
on  short-circuit. 

For  the  lower  volt- 
ages the  core  is  some- 
times rectangular,  but 
for  the  higher  voltages 
it  is  generally  cruci- 
form in  shape.  Round 
coils  fit  well  over  a  cruciform,  and  this  shape  of  coil  is 
best  for  high  voltage  windings  using  round  wire.  In 
winding  a  coil  on  a  round  centerblock  there  is  an  even 
pressure  all  the  way  around,  thus  making  the  coil  easy 
to  wind ;  while  on  the  other  hand  in  winding  a  rectan- 
gular coil  there  is  a  heavy  pressure  between  layers  on 
the  corners  and  almost  no  pressure  on  the  straight 
part,  thus  requiring  greater  skill  and  care  on  the  part 
of  the  winder.  In  winding  a  section  wound  coil  with 
square  or  rectangular  wire  there  is  only  surface  con- 
tact between  layers,  so  that  there  is  no  danger  of  the 
insulation  being  injured  by  the  pressure  on  the  corners 
of  such  a  coil. 


I-IC.     10 — SMAUU    HIGH-VOLIAOE 
OUTDOOR  TRANSFORMER 

In  which  the  high-voltage 
coils  are  wound  directly  on  a 
Bakelitc  micarta  insulating  bar- 
rier and  then  impregnated  in 
gum.  The  transformer  is  bolted 
to  the  cover,  in  which  there  is  a 
hand  hole  through  which  access 
may  be  had  to  the  low-voltage 
terminal  block.  The  low-voltage 
leads  are  brought  out  of  sealed 
pockets  in  the  corners  of  the 
cover.  Only  small  transformers 
in  boiler  iron  tanks  have  the 
transformer  bolted  to  the  cover. 
Transformers  using  cast-in 
tanks  cannot  be  made  in  this 
way. 
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The  sheet  steel  core  is  built  up  of  rectangular  shaped 
punchings  of  the  proper  sizes,  the  top  yoke  being  built 
in  after  all  the  coils  are  in  place.  It  is  desirable  to  have 
as  few  holes  as  possible  through  the  punchings,  since 
wherever  they  pass  through,  the  cross-section  of  the  core 

is  reduced  and  the  iron 
loss  is  increased  some- 
what, due  to  the  in- 
creased flux.  The  effect 
is  more  marked  in  the 
cores  than  in  the  yokes. 
It  is  difficult  to  fasten 
the  end  frames  se- 
curely without  bolt 
holes  through  the 
yokes,  so  that  these 
holes  are  provided  for 
practically  all  core 
type  transformers.  For 
the  smaller  sizes  there 
are  no  holes  through 
the  cores,  a  wrapping 
of  tape  being  sufficient 
to  hold  the  punchings 
together.  For  the 
larger  sizes,  however, 
taping  is  not  sufficient 
to  nold  the  cores  together  with  the  necessary  stiffness 
and  therefore  bolts,  riveted  on  the  ends,  are  used.  Bolts 
or  rivets  are  also  insulated  from  the  punchings  by 
micarta  tubes  and  fullerboard  washers.  This  is  neces- 
sary in  order  to  prevent  the  main  magnetic  field  from 


FIG.   II — 30  K.V.A.,  33  000  TO  23OO 

VOLT    TRANSFORMER    SHOWN 

IN  FIG,   10 

Complete  in  tank  ready  for 
service. 


setting  up  currents  in  the  loop  formed  by  two  bolts  and 
the  end  laminations,  which  would  considerably  increase 
the  losses  and  might  be  sufficient  to  produce  a  burning 
temperature. 

Low  voltage  leads  are  brought  up  to  heavy  terminals 
mounted  on  an  insulated  bar  for  currents  of  approxi- 
mately 700  amperes,  or  more,  and  to  studs  mounted  in 
porcelains  for  smaller  currents.  On  high  voltage  wind- 
ings, taps  for  voltage  variation  are  brought  out  near  the 
middle  of  the  winding.    By  this  arrangement  the  outlet 


FIG.    12— TYPICAL   HIGH-VOLTAGE  TERMINAL  BOARD 

The  particular  board  shown  is  the  type  used  for  voltages  of 
approximately  22  000  to  33  000.  Line  leads  are  connected  per- 
manently to  the  terminals  coming  up  through  the  two  large  end 
porcelains.  The  terminals  mounted  in  the  small  porcelains  near 
the  center  are  for  taps  brought  out  from  near  the  center  of  the 
winding,  for  the  purpose  of  cutting  out  part  of  the  winding  and 
thus  changing  the  voltage  ratio. 

leads  are  fastened  permanently  to  the  end  terminals  of 
the  windings.  Changes  in  voltage  ratio  are  made  sim- 
ply by  changing  the  position  of  links  across  the  tap 
terminals,  as  shown  in  Fig.  12.  It  is  very  difficult  to 
bring  out  taps  near  the  ends  of  high  voltage  windings 
without  weakening  the  insulation  and  increasing  the 
danger  of  breakdown  due  to  the  hea\'y  stresses  pro- 
duced by  high  frequency  disturbances. 


Some  Limitations  in   Commutating  Machines 


B.   G.   L.AMME 

Chief  Engineer, 
Westinghouse  Electric  &  Mfg.  Company- 


IN  addition  to  certain  limitations  already  discussedt 
there  are  a  number  of  other  factors  which  are  related 
closely  to  commutation  ;  one  of  these  is  the  permissible 
current  density  in  the  brushes  or  brush  contacts.  There 
are  two  currents  to  be  considered,— the  work  current 
and  the  short-circuit  current  which  is  purely  local  to  the 
short-circuited  coils  and  the  brush.  The  true  current 
density  is  that  due  to  the  actual  resultant  current  in  the 
brush  tip  or  face,  which  is  very  seldom  uniform  over  the 
whole  brush  tip.  The  "apparent"  current  density  is  that 
due  to  the  work  current  alone — assumed  to  be  uniform 
over  the  brush  tip.  The  current  density  has  commonly 
been  assumed  to  be  the  total  work  current  divided  by 
the  total  brush  section.    This  method  has  been  very  mis- 


*Based  on  a  paper  read  before  the  .'\merican  Institute  of 
Electrical  Engineers,  September,  1915. 

tSee  the  Journ.\l  for  February,  1916,  p.  78,  and  March, 
1916,  p.  145. 


leading,  resulting  in  many  cases  in  the  use  of  a  wrong 
size  of  brush  to  meet  some  specified  current  density.  In 
many  of  the  old  non-commutating  pole  machines  the 
local  currents  were  predominant  under  certain  condi- 
tions of  load,  for  the  brushes  had  to  be  set  at  the  best 
average  position,  so  that  at  some  average  load  the  com- 
mutating conditions  would  be  best.  At  higher  and  lower 
loads  the  short-circuit  currents  were  usually  compara- 
tively large.  The  wider  the  brush  contact,  circumfer- 
entially,  the  greater  were  the  short-circuit  currents  and 
the  higher  the  actual  current  density  at  one  edge  of  the 
brush,  while  the  apparent  density  would  be  reduced.  The 
fallacy  of  this  procedure  was  shown  in  many  cases  in 
which  the  brush  contact  was  very  greatly  reduced  by 
grinding  off  one  edge  of  the  brush.  Very  often  a  re- 
duction in  circumferential  width  of  contact  to  one-half 
resulted  in  less  burning  of  the  brush  face.  The  apparent 
density  was  doubled,  but  the  actual  maximum  density 
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was  reduced.  Many  of  these  instances  showed  very  con- 
clusively that  much  higher  true  current  densities  were 
practicable,  provided  the  true  and  apparent  densities 
could  be  brought  more  nearly  together.  This  is  what 
has  been  accomplished  to  a  considerable  extent  in  the 
modern  well-designed  commutating-pole  machine.  In 
such  machines  the  current  distribution  at  the  brush  face 
is  nearly  uniform  under  all  conditions  of  load.  In  con- 
sequence, it  has  been  possible  to  increase  the  apparent 
current  densities  in  the  brushes  very  considerably,  while 
still  retaining  comparatively  wide  brush  faces.  In  fact, 
the  width  of  the  brush  contact  circumferentially  is  not 
particularly  limited  if  the  commutating  field  flux  can  be 
suitably  proportioned.  In  many  old-time  machines,  an 
apparent  density  of  40  amperes  per  square  inch  under 
normal  loads  was  considered  as  amply  high,  while  at  the 
present  time,  with  well-proportioned  commutating  poles, 
50  percent  higher  apparent  densities  are  not  uncommon. 

Unequal  division  of  current  between  the  brushes  on 
the  same  brush  arms  is,  to  some  extent,  dependent  upon 
the  total  current  per  arm.  Where  there  are  many 
brushes  in  parallel  and  the  total  current  to  be  carried  is 
large,  it  is  obvious  that  one  brush  may  take  an  ex- 
cessively large  current  without  materially  decreasing 
the  current  carried  by  the  other  brushes.  As  a  rule,  the 
larger  the  current  per  arm,  the  more  difficult  is  the  prob- 
lem of  properly  distributing  the  current  among  all  the 
brushes. 

In  the  same  way,  the  division  of  current  among 
brush  arms  of  the  same  polarity  is  not  always  satisfac- 
tory; 50  percent  variation  of  current  between  different 
arms  is  not  unusual,  and  the  writer  has  seen  a  number 
of  instances  where  the  variation  has  been  lOO  percent  or 
more.  Obviously,  with  such  variation,  it  is  not  practi- 
cable to  work  the  brushes  up  to  the  maximum  density 
possible,  for  some  margin  must  be  allowed  for  such  un- 
balancing. 

Experience  has  shown  that  when  current  passes 
through  a  moving  contact,  as  from  a  brush  to  the  com- 
mutator copper,  or  vice  versa,  a  certain  action  takes 
place  which  resembles  electrolytic  action  to  some  extent. 
It  might  also  be  said  to  resemble  some  of  the  actions 
which  takes  place  in  an  arc.  Minute  particles  appear  to 
be  eaten  or  burned  away  from  one  contact  surface,  and 
these  are  sometimes  deposited  mechanically  upon  the 
opposing  surface.  The  particles  appear  to  be  carried 
in  the  direction  of  current  flow,  so  that  if  the  current  is 
from  the  carbon  brush  to  the  copper,  the  commutator 
face  will  tend  to  darken  somewhat,  evidently  from  de- 
positation of  carbon.  If  the  current  is  from  the  copper 
to  the  carbon,  the  brush  face  will  sometimes  tend  to  take 
a  coating  of  copper,  while  the  commutator  face  will  take 
a  clean,  and  sometimes  raw,  copper  appearance.  As  the 
current  is  in  both  directions  on  the  ordinary  commu- 
tator, this  action  is  more  or  less  averaged,  and  therefore 
is  not  usually  noticed.  With  one  polarity  or  direction 
of  current,  the  commutator  face  eats  away,  while  with 
the  other  direction,  the  brush  face  is  eaten  away  and 
may  lose  its  gloss.    This  action  of  the  current  gives  rise 


to  a  number  of  limiting  conditions  in  direct-current 
practice.  This  "eating  away"  action  occurs  with  all 
kinds  of  brushes,  and  with  various  materials  in  the  com- 
mutator. It  appears  to  be  dependent,  to  a  considerable 
extent,  upon  the  losses  at  the  contact  surface.  In  other 
words,  it  is  dependent  upon  both  the  current  and  the 
contact  drop.  With  reduction  in  contact  drop,  this 
burning  action  apparently  is  decreased,  but  in  commu- 
tating machinery  this  reduction  cannot  be  carried  very 
far,  in  most  cases,  on  account  of  increase  in  short-circuit 
current,  which  nullifies  the  gain  in  contact  drop.  In 
fact,  in  each  individual  machine  there  is  some  critical  re- 
sistance which  gives  least  loss  and  least  burning  at  the 
contact  surfaces. 

Practice  has  shown  that  this  burning  action  is  very 
slow  at  moderate  current  densities  in  carbon  and 
graphite  brushes — so  slow  as  usually  to  be  unnoted. 
However,  if  the  actual  current  density  in  the  brush  face 
is  carried  too  high,  the  burning  of  the  brushes  may  be- 
come very  pronounced.  With  the  actual  work  current 
per  brush  usual  in  present  practice,  the  burning  of  the 
brush  face  may  usually  be  credited  to  local  currents  in 
the  brushes.  It  is  not  uncommon,  in  examining  the 
brushes  of  a  generator  or  motor,  to  find  a  dull  black 
area  under  one  edge  of  the  brush,  which  obviously  has 
been  burned,  while  the  remainder  of  the  brush  face  is 
brightly  polished.  In  severe  cases,  practically  as  good 
results  will  be  obtained  if  the  burned  area  is  entirely  cut 
away  by  beveling  the  edge  of  the  brush. 

This  eating  away  of  either  the  brush  face  or  the 
commutator,  and  the  deposit  upon  the  opposing  face, 
leads  to  certain  very  harmful  conditions.  As  stated  be- 
fore, if  the  true  current  density  is  kept  sufficiently  low 
in  the  contact  face,  the  burning  is  negligible  in  most 
cases.  However,  where  the  current  passes  from  the 
commutator  to  the  brush,  it  is  the  commutator  copper 
which  is  eaten  away,  while  the  mica  between  com- 
mutator bars  does  not  eat  away,  but  must  be  worn  away 
at  the  same  rate  that  the  copper  is  burnt,  if  good  con- 
tact is  to  be  maintained.  Let  the  burning  of  the  copper 
gain  ever  so  little  on  the  wear  of  the  mica,  then  trouble 
begins.  The  brush  begins  to  "ride"  on  the  mica  edges 
and  does  not  make  true  contact  with  the  copper.  This 
increases  the  burning  action  very  rapidly,  so  that  eventu- 
ally the  mica  stands  well  above  the  copper  face.  This 
is  the  trouble  usually  known  as  "high  mica."  It  is  fre- 
quently credited  to  unequal  rates  of  wear  of  copper  and 
mica.  This  idea  of  unequal  wear  has  been  partly  fos- 
tered by  the  fact  that  with  relatively  thick  mica  the 
action  is  greatly  increased,  or,  with  very  thin  com- 
mutator bars,  with  the  usual  thickness  of  the  mica,  the 
high  mica  trouble  becomes  more  serious.  In  both  these 
latter  cases,  it  is  the  higher  percentage  of  mica,  that  is, 
the  relatively  poorer  wearing  characteristics  of  the  mica 
itself,  which  is  at  fault.  But  the  commutator  copper 
does  not  zvear  away.  In  fact,  it  is  not  physically  pos- 
sible for  it  to  wear  below  the  mica.  It  is  "eaten  away," 
as  described  above.  In  some  special  cases,  where  this 
burning  is  unusually  severe,  the  mica  apparently  wears 
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down  about  as  fast  as  the  copper,  so  that  the  commu- 
tator remains  fairly  clean  and  has  no  particularly  burnt 
appearance,  but  grooves  or  ridges,  showing  undue  wear. 
But  this  rapid  apparent  wear  is  an  indication  that  ex- 
cessive burning  action  is  present  at  times,  usually  due 
to  excessive  local  currents.  In  some  cases,  this  burning 
action  may  be  present  only  during  heavy  or  peak  loads, 
which  may  be  so  interspersed  with  periods  of  light  run- 
ning that  the  true  wear  of  the  mica  catches  up  with  the 
burning  of  the  copper.  In  such  cases  the  commutator 
may  have  a  beautiful  glossy  appearance  normally,  but 
may  wear  in  grooves  and  ridges.  On  account  of  this 
burning  action,  practice  has  changed  somewhat  in  re- 
gard to  staggering  of  brushes  on  commutators  to  pre- 
vent ridging  between  the  brushes.  Formerly,  it  was 
common  practice  to  displace  all  the  positive  brushes  one 
direction  axially,  and  the  negatives  in  the  other  direc- 
tion, in  order  to  give  the  brushes  overlap.  This,  how- 
ever, did  not  entirely  prevent  ridging,  for  the  burning 
of  the  copper  occurred  only  under  one  polarity.  It  is 
now  considered  better  practice  to  stagger  the  arms  in 
pairs. 

With  commutating-pole  machines,  the  true  current 
densities  in  the  brushes  are  carried  up  to  as  high  a  point 
as  the  non-burning  requirements  will  permit.  There- 
fore, conditions  for  burning  and  high  mica  are  still  ex- 
istent, as  in  non-commutating  pole  machines.  In  recent 
years,  an  extension  of  an  old  practice  has  been  very  gen- 
erally adopted,  namely,  undercutting  the  mica  between 
bars.  During  the  last  few  years  extended  experience 
has  shown  that  graphite  brushes,  or  carbon  brushes  with 
considerable  graphite  in  them,  are  extremely  good  for 
collecting  current,  but  on  the  other  hand,  are  very  poor 
when  it  comes  to  wearing  down  the  mica,  due  to  their 
softness  or  lack  of  abrasive  qualities.  Due  to  the 
graphite  constituent,  such  brushes  are  largely  self-lubri- 
cating, and  therefore  "ride"  more  smoothly  on  the  com- 
mutator than  the  ordinary  carbon  brush.  They  are, 
therefore,  much  quieter,  and  this  is  a  very  important 
point  with  high  speeds.  However,  by  undercutting  the 
mica,  all  difficulty  from  lack  of  abrasive  qualities  in  the 
brush  is  overcome,  and  thus  the  good  qualities  of  such 
brushes  can  be  utilized.  The  advantage  of  self-lubri- 
cating brushes  should  be  apparent  to  anyone  who  has 
had  difficulties  from  chattering  and  vibration  of  brushes, 
due  to  lack  of  lubrication.  Chattering  means  bad  con- 
tact between  the  brush  and  commutator,  which  in  turn 
means  sparking  and  burning. 

When  the  commutator  copper  burns  away  to  any 
extent  it  may  deposit  on  the  brush  face  following  the 
direction  of  the  current.  This  coating  on  the  brush 
face  sometimes  leads  to  serious  trouble,  by  lowering 
the  resistance  of  the  contact  surface.  This  not  only 
allows  larger  short-circuit  current  and  greater  heating 
of  the  brush,  but  it  makes  the  resistance  of  that  partic- 
ular path  lower  than  that  of  other  parallel  brush  paths. 
In  consequence,  the  coated  brush  takes  an  undue  share 
of  the  total  current,  as  well  as  an  unduly  large  local  cur- 
rent. The  resultant  heating  may  be  such  that  the  brush 
actually  becomes  red  hot.     This  frequently  causes  dis- 


integration of  the  binding  or  other  material  in  the  brush, 
so  that  it  gradually  honeycombs  at  or  near  its  tip.  This 
action  of  transferring  copper  to  the  brush  is  sometimes 
known  as  "picking  up  copper."  Glowing  and  honey- 
combing of  brushes  is  not  necessarily  dependent  upon 
the  metallic  coating  on  the  brushes.  Anything  that  will 
unduly  increase  the  amount  of  current  in  any  brush 
contact  for  a  period  long  enough  to  result  in  heating 
and  lower  contact  resistance,  with  brushes  in  parallel, 
may  start  this  glowing  and  honeycombing. 

As  an  evidence  that  poor  contact  or  high  contact 
drop  tends  to  produce  burning  may  be  cited  the  fact 
that  in  many  cases  of  apparent  rapid  wear  of  the  com- 
mutators such  wear  has  been  practically  overcome  by 
simply  undercutting  the  mica  and  thus  allowing  more 
intimate  contact  between  brush  and  copper.  In  some  in- 
stances this  also  lessened  or  eliminated  the  tendency  to 
pick  up  copper.  Thus  undercutting  has  been  very  bene- 
ficial in  quite  a  number  of  ways. 

NUMBER  OF  SLOTS,  CONDUCTORS  PER  SLOT,  ETC. 

There  are  certain  limitations  in  direct-current  ma- 
chines, depending  upon  the  minimum  number  of  slots 
per  pole  which  can  be  used.  Provided  satisfactory  com- 
mutating  conditions  can  be  obtained,  it  is  in  the  direc- 
tion of  economy  to  use  a  relatively  small  number  of  slots 
per  pole,  with  a  correspondingly  large  number  of  coils 
per  slot.  Insulating  space  is  saved,  thus  allowing  an 
increase  in  copper  or  iron  sections,  and  wider  slots  are 
favorable  to  commutation.  But  if  this  is  carried  too  far 
certain  disadvantages  arise,  so  that  at  some  point  they 
overbalance  the  advantageous  features.  As  the  slots 
are  widened  and  the  number  of  teeth  diminished,  varia- 
tions in  the  reluctance  of  the  air-gap  under  the  main 
poles,  with  corresponding  pulsations  in  the  main  field 
flux,  become  more  and  more  pronounced.  These  may 
eft'ect  commutation,  as  the  short-circuited  armature 
coils  form  secondary  circuits  in  the  path  of  these  pulsa- 
tions. But  before  this  condition  becomes  objectionable 
other  troubles  are  liable  to  become  prominent,  such  as 
"magnetic  noises,"  etc.  If  the  machine  is  of  the  com- 
mutating-pole type,  there  are  liable  to  be  variations  in 
the  commutating  pole  air-gap  reductance,  so  that  it  may 
be  difticult  to  obtain  proper  conditions  for  commutation. 
A  relatively  wide  commutating  zone  is  required  if 
there  are  many  coils  per  slot ;  also,  all  the  conductors 
per  slot  usually  will  not  commutate  under  equal  condi- 
tions, which  may  result  in  blackening  or  spotting  of  in- 
dividual commutator  bars  symmetrically  spaced  around 
the  commutator,  corresponding  to  the  number  of  slots. 
In  non-commutating  pole  machines  it  may  be  difficult  to 
find  a  suitable  field  or  magnetic  fringe  in  which  to  com- 
mutate, and  thus  the  first  and  last  coil  in  each  slot  will 
have  quite  different  fluxes  in  which  to  commutate. 

In  small  and  medium  capacity  railway  motors,  where 
maximum  output  in  minimum  space  is  of  first  impor- 
tance, the  number  of  slots  per  pole  used  is  probably  lower 
than  in  any  other  line  of  direct-current  machines,  six  to 
eight  per  pole  being  rather  common.  In  the  small  and 
medium  size  stationary  motors,   where  noise  must  be 
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avoided,  a  somewhat  larger  number  of  slots  is  used.  On 
still  larger  apparatus,  ten  slots  or  more  per  pole  are  used 
in  most  cases  and,  in  general,  more  than  12  are  pre- 
ferred. In  large  600  volt  machines  the  number  is  fixed 
partly  by  the  minimum  number  of  commutator  bars  per 
pole  and  the  number  of  coils  per  slot.  Assuming  three 
coils  per  slot,  then  with  a  minimum  number  of  com- 
mutator bars  of  about  40  per  pole,  the  minimum  number 
of  slots  per  pole  will  be  14  and,  with  two  bars  per  slot, 
will  be  correspondingly  larger.  This,  therefore,  repre- 
sents one  of  the  limits  in  present  practice. 

NOISE,  VIBRATION,   ETC. 

A  fundamental  cause  of  noise  in  direct-current  ma- 
chines lies  in  rapid  pulsations  in  magnetic  conditions. 
Numerous  solutions  of  the  problem  have  been  proposed, 
but  many  of  them  appear  to  hold  only  for  the  particular 
machine,  or  line  of  machines,  for  which  they  were  de- 
vised. A  remedy  in  one  machine  not  infrequently 
proves  a  failure  on  the  next  one.  There  are  certain 
remedies  for  noise  in  direct-current  machines  which 
apply  to  all  machines  but,  as  a  rule,  such  remedies  mean 
more  expensive  construction.  In  general,  large  air-gaps 
and  gradual  tapering  of  the  flux  at  the  pole  edges  tend 
toward  quiet  operation.  A  large  number  of  slots  per 
pole  tends  toward  quietness.  However,  the  trend  of  de- 
sign has  been  toward  very  small  air-gaps ;  also,  the  aim 
has  been  to  use  as  few  armature  slots  as  possible.  More- 
over, newer  designs  with  steel  or  wrought  iron  frames, 
as  a  rule,  have  the  magnetic  material  in  the  frames  re- 
duced to  the  lowest  limit  that  magnetic  conditions  will 
permit.  Also,  with  the  general  use  of  commutating 
poles,  the  tendency  has  been  toward  "strong"  armatures 
and  correspondingly  weak  fields,  so  that  the  total  field 
fluxes  and  field  frames  are  relatively  small  compared 
with  the  practice  of  a  few  years  ago.  With  these  small 
frames,  resonant  conditions  not  infrequently  are  en- 
countered, especially  in  those  machines  which  are  de- 
signed to  operate  over  a  very  wide  range  of  speed. 
There  is  liable  to  be  some  point  in  the  speed  range  where 
the  poles  or  frame,  or  some  other  part,  is  properly  tuned 
to  some  pulsating  torque  or  "magnetic  pull"  in  the  ma- 
chine. In  such  case,  a  very  slight  disturbance  of  a 
periodic  nature  may  act  cumulatively  to  give  a  verj'  con- 
siderable vibration  and  consequent  noise. 

The  pulsations  in  magnetic  conditions  may  be  due 
to  various  causes  but,  as  a  rule,  the  slotted  armature 
construction  is  at  the  bottom  of  all  of  them.  Open  type 
armature  slots  usually  are  much  worse  than  partially 
closed  slots.  Such  open  slots  produce  "tufting"  of  the 
magnetic  flux  between  the  field  and  armature,  and  it  is 
this  bunching  of  flux  which  usually,  in  one  form  or  an- 
other, produces  a  magnetic  pulsation  or  pull  which  sets 
up  vibration.  This  bunching  of  lines  may  be  such  as  to 
set  up  pulsating  magnetic  pulls  at  no-load  as  well  as 
full  load.  In  other  cases,  the  ampere-turns  in  the  arma- 
ture slots  tend  to  exaggerate  or  accentuate  the  bunching 
so  that  the  vibration  varies  with  the  load.  This  bunch- 
ing of  the  flux  may  act  in  various  ways.  The  total  air- 
fap  reluctance  between  the  armature  and  main  pwles 


may  pulsate,  so  that  the  radial  magnetic  pull  between 
any  main  pole  and  the  armature  will  pulsate  in  value.  If 
the  reluctances  under  all  the  poles  are  varying  alike,  then 
these  pulsating  radial  pulls  will  tend  to  balance  each 
other  at  all  instants.  However,  if  the  reluctances  under 
the  dififerent  poles  do  not  vary  simultaneously,  then 
there  are  liable  to  be  unbalanced  radial  magnetic  pulls 
of  high  frequency,  depending  upon  the  number  of  arma- 
true  teeth,  speed  of  rotation,  etc.  If  this  frequency  is  so 
nearly  in  tune  with  the  natural  period  of  vibration  of 
some  part  of  the  machine,  such  as  the  yoke,  poles  or  pole 
horns,  armature  core  and  shaft,  that  a  resonant  condi- 
tion is  approximated,  then  vibration  and  noise  are  almost 
sure  to  occur. 

Radial  unbalanced  pulls,  as  described,  are  Hable  to 
occur  when  the  number  of  armature  teeth  is  other  than 
a  multiple  of  the  number  of  poles;  and  the  smaller  the 
number  of  teeth  per  pole,  the  larger  will  be  the  unbal- 
ancing in  general.  As  a  remedy,  it  might  be  suggested 
that  the  number  of  armature  slots  always  be  made  a 
multiple  of  the  number  of  poles.  However,  there  are 
several  objections  to  this.  One  serious  objection  is 
that,  on  small  and  moderate  size  direct-current  machines, 
the  two-circuit  type  of  armature  winding  is  very  gener- 
ally used  and,  with  this  type  of  winding,  the  number  of 
armature  coils  and  commutator  bars  must  always  be  one 
more  or  less  in  number  than  some  multiple  of  the  num- 
ber of  pairs  of  poles.  Mathematically,  therefore,  with  a 
two-circuit  winding,  the  number  of  slots  can  never  be  a 
multiple  of  the  number  of  poles  unless  an  unsymmetrical 
winding  is  used,  that  is,  one  with  a  "dummy"  coil.  A 
second  objection  to  using  a  number  of  slots  which  is  a 
multiple  of  the  number  of  poles  is  that  there  are  pul- 
sating magnetic  pulls  which  may  be  exaggerated  by  this 
very  construction.  There  are  two  kinds  of  magnetic 
pulls — a  radial,  which  has  already  been  considered,  and 
a  circumferential,  due  to  the  tendency  of  the  armature 
core  to  set  itself  where  it  will  enclose  the  maximum 
amount  of  field  flux.  Obviously,  if  the  arrangement  of 
slots  is  such  that  when  one  pole  has  a  maximum  flux 
into  the  teeth,  another  pole  has  a  minimum,  then  the 
circumferential  pulsations  in  torque  will  be  less  than  if 
all  poles  enclosed  the  maximum  or  the  minimum  flux 
simultaneously.  This  latter  condition  will  be  produced 
when  the  number  of  armature  slots  is  a  multiple  of  the 
number  of  poles.  Therefore,  in  avoiding  unbalanced 
radial  magnetic  pulls  by  using  a  number  of  armature 
slots  which  is  a  multiple  of  the  number  of  poles,  the 
designer  is  liable  to  exaggerate  the  circumferential  vari- 
ations in  torque  or  pull,  so  that  he  is  no  better  off  than 
before.  The  circumferential  pulsating  magnetic  pull 
may  act  in  various  ways  to  set  up  vibration,  and  if  there 
is  any  resonant  condition  in  the  machine,  vibration  and 
noise  will  result. 

Skewing  of  the  armature  slots,  or  of  the  pole  faces, 
has  proven  quite  eflfective  in  some  cases  of  vibration 
and  noise.  Tapered  air-gaps  at  the  pole  edges  have  also 
proven  eflfective  in  many  individual  cases.  However,  the 
causes  of  the  trouble  and  the  remedies  to  be  applied  in 
specific  cases  are  so  numerous  and  so  varied   that  at 
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present  it  is  useless  to  attempt  to  give  any  limitations 
in  design  as  fixed  by  noise  and  vibration  due  to  magnetic 
conditions. 

"flickering"  of  voltage  and  "winking"  of  lights 

From  time  to  time  cases  have  come  up  where  notice- 
able "winking"  of  incandescent  lights  occur,  this  being 
either  of  a  periodic  or  non-periodic  character,  the  two 
actions  being  due  to  quite  different  causes.  In  either 
case  the  primary  cause  of  the  difficulty  may  be  in  the 
generator  itself,  or  it  may  be  in  the  prime  mover.  The 
characteristics  of  the  incandescent  lamp  itself  tend,  in 
some  cases,  to  exaggerate  this  winking.  To  be  observ- 
able when  periodic,  the  period  must  be  rather  long,  cor- 
responding to  a  very  low  frequency.  Periodic  flickering 
of  voltage  may  be  considered  as  equivalent  to  a  constant 
direct-current  voltage  with  a  low-frequency,  small- 
amplitude,  alternating  e.m.f.  superimposed  upon  it. 
Tungsten  lamps  for  the  same  candle-power  are  more 
sensitive  than  carbon  lamps,  due  to  their  less  massive 
films.  In  fact,  trouble  from  winking  of  lights  has  be- 
come much  more  pronounced  since  the  general  intro- 
duction of  the  lower  candle-power,  higher  efficiency  in- 
candescent lamps. 

In  view  of  the  fact  that  winking  has  been  encoun- 
tered with  machines  in  which  no  pronounced  pulsations 
in  voltage  appear  to  be  possible,  a  series  of  tests  was 
made  some  years  ago  to  determine  what  periodic  varia- 
tion was  noticeable  on  ordinary  low  candle-power  tung- 
sten and  carbon  lamps.  A  lamp  circuit  was  connected 
across  a  source  of  constant  direct  e.m.f.,  and  in  series 
with  this  circuit  was  placed  a  small  resistance  which 
could  be  varied  at  different  rates  and  over  varying  range. 
The  results  were  rather  surprising  in  the  very  low  pulsa- 
tions in  voltage  which  showed  flickering  of  the  light 
when  reflected  from  a  white  surface.  With  the  ordinary 
frequencies  corresponding  to  small  engine-type  gener- 
ators, that  is,  from  five  to  ten  cycles,  periodic  variations 
in  voltage  of  0.5  percent  above  or  below  the  mean  value 
were  sufficient  to  produce  a  visible  wink  with  16  candle- 
power  carbon  lamps,  while  one  percent  variation  above 
and  below  was  quite  pronounced.  With  corresponding 
tungsten  lamps  only  about  half  this  variation  is  suf- 
ficient to  produce  a  similar  wink. 

It  is  probable  that  non-periodic  fluctuations  in  volt- 
age do  not  have  as  pronounced  an  effect  as  is  the  case 
with  periodic  fluctuations,  if  they  do  not  follow  each 
other  at  too  frequent  intervals,  unless  each  individual 
pulsation  is  of  greater  amplitude,  or  is  of  longer  dura- 
tion. 

Periodic  Fluctuations — Variations  in  prime  mover 
speed  can  act  in  two  ways ;  first,  by  varying  the  voltage 
directly  in  proportion  to  the  speed,  and  second,  by  vary- 
ing the  voltage  indirectly  through  the  excitation,  the 
action  being  more  or  less  cumulative  in  some  cases. 
Such  speed  variations  usually  set  up  pulsations  corre- 
sponding directly  to  the  revolutions  per  minute  and  in- 
dependent of  the  number  of  poles  on  the  machines.  In 
the  machine  itself,  periodic  pulsations  of  frequency 
lower  than  normal  frequency  of  the  machine  itself  may 


be  caused  by  magnetic  dissymmetry  of  some  sort,  or  by 
unsymmetrical  windings.  Usually,  such  dissymmetries 
give  voltage  fluctuations  at  a  frequency  corresponding 
to  the  normal  frequency  of  the  machine,  and  therefore 
will  have  no  visible  effect  unless  such  normal  frequency 
is  comparatively  low,  which  is  usually  the  case  in  engine 
type  direct-current  generators.  In  other  cases,  these 
dissymmetries  may  give  pulsations  corresponding  to  the 
speed,  and  not  the  number  of  poles.  For  instance,  if  the 
armature  periphery  and  the  field  bore  are  both  eccentric 
to  the  shaft,  then  magnetic  conditions  are  presented 
which  vary  directly  with  the  speed. 

However,  there  have  been  cases  where  no  dissym- 
metry could  be  found,  and  yet  which  produced  enough 
variations  to  wink  the  lights.  Usually  in  such  cases,  the 
number  of  armature  slots  per  pole  was  comparatively 
small,  and  the  trouble  was  overcome  by  materially  in- 
creasing the  number  of  slots  per  pole.  A  second  source 
of  winking  has  been  encountered  in  some  three-wire 
machines  in  which  the  neutral  tap  is  not  a  true  central 
point.  In  such  case,  the  neutral  travels  in  a  circle 
around  the  central  point  and  impresses  upon  the  direct- 
current  voltage  a  pulsation  corresponding  to  the  diam- 
eter of  the  circle.  Its  frequency,  however,  is  that  of  the 
machine  itself  and  is,  therefore,  more  noticeable  on  low- 
frequency  machines,  such  as  engine-type  generators. 

Non-Periodic  Pulsations  or  Voltage  "Dips" — In  all 
direct-current  generators  there  is  a  momentary  drop  or 
"dip"  in  voltage  with  sudden  applications  of  load.  The 
explanation  of  this  dip  in  voltage  is  as  follows : — As- 
sume, for  instance,  a  100  volt  generator  supplying  a  load 
of  100  amperes,  that  is,  with  one  ohm  resistance  in  cir- 
cuit. The  drop  across  the  resistance  is,  of  course,  lOO 
volts.  Now,  assume  that  a  resistance  of  one  ohm  is 
thrown  in  parallel  across  the  circuit.  The  resultant  re- 
sistance in  circuit  is  then  one-half  ohm.  However,  at  the 
first  instant  of  closing  the  circuit  through  the  second 
resistance,  the  total  current  in  the  circuit  is  only  100 
amperes,  and  therefore  the  line  voltage  at  the  first  in- 
stant momentarily  must  drop  to  50  volts.  However,  the 
e.m.f.  generated  in  the  machine  is  100  volts,  and  the 
discrepancy  of  50  volts  between  the  generated  and  the 
line  volts  results  in  a  very  rapid  rise  in  the  generator 
current  to  200  amperes.  If  the  current  rise  could  be 
instantaneous,  the  voltage  dip  would  be  represented 
diagrammatically  by  a  line  only,  that  is,  no  time  element 
would  be  involved.  However,  the  current  cannot  rise 
instantaneously  in  any  machine,  due  to  its  self-induction, 
and  therefore  the  voltage  dip  is  not  of  zero  duration. 
The  current  rises  according  to  an  exponential  law, 
which  could  be  calculated  for  any  given  machine  if  all 
the  necessary  constants  were  known.  However,  such  a 
great  number  of  conditions  enter  that  it  is  usually  im- 
practicable to  predetermine  the  rate  of  current  rise  in 
designing  a  machine,  and  it  would  not  change  the  fun- 
damental conditions  if  the  rate  could  be  predetermined. 

A  rough  check  on  the  above  theory  could  be  obtained 
by  means  of  oscillograph  tests.  For  example,  it  was 
assumed  that  with  one  ohm  resistance  in  circuit,  an 
equal  resistance  was  thrown  in  parallel,  which  dropped 
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the  voltage  to  one-half.  In  practice  the  actual  drop 
which  can  be  measured  might  not  be  as  low  as  one-half 
voltage,  as  the  first  increase  in  current  might  be  so  rapid 
as  to  prevent  the  full  theoretical  dip  from  being  ob- 
tained. However,  an  oscillograph  would  show  a  certain 
amount  of  voltage  drop.  If  now,  after  the  current  has 
risen  to  200  amperes  and  the  conditions  become  stable, 
another  resistance  of  one  ohm  is  thrown  in  parallel  with 
the  other  two  resistances  of  one  ohm  each,  then  in  this 
latter  case  the  resultant  resistance  is  reduced  to  two- 
thirds  the  preceding  value,  instead  of  one-half,  as  was 
the  case  in  the  former  instance.  Therefore,  the  dip 
would  be  less  than  in  the  former  case.  Again,  if  one 
ohm  resistance  is  thrown  in  parallel  with  three  resist- 
ances of  one  ohm  each,  the  resultant  resistance  becomes 
three-fourths  of  the  preceding  value, — that  is,  the  volt- 
age dip  is  still  less.  Therefore,  according  to  the  above 
analysis,  if  a  given  load  is  thrown  on  a  machine,  the  dips 
will  be  relatively  less  the  higher  the  load  the  machine  is 
carrying.  Also,  if  the  same  percentage  of  load  is  thrown 
on  each  time,  then  the  dips  should  be  practically  the 
same,  regardless  of  the  load  the  machine  is  already  car- 
rying. Also,  according  to  the  above  theory,  a  fully  com- 
pensated field  machine  (that  is,  one  with  a  distributed 
winding  in  the  pole  faces  proportioned  to  neutralize  cor- 
rectly the  armature  magnetomotive  force)  should  also 
show  voltage  dips  with  load  thrown  on. 

An  extended  series  of  tests  has  shown  that,  in  most 
cases,  10  to  15  percent  of  the  rated  capacity  of  the  gen- 
erator can  be  thrown  on  in  a  single  step  without  ma- 
terially affecting  the  lighting  on  the  same  circuit,  and 
provided  the  prime  mover  holds  sufficiently  constant 
speed.  However,  judging  from  the  quickness  of  the 
voltage  recovery,  the  prime  mover,  if  equipped  with 
any  reasonable  flywheel  capacity,  cannot  drop  olif  ma- 
terially during  the  period  of  the  voltage  dip  as  shown 
in  the  curves.  The  dip  in  voltage  due  to  the  flywheel  is 
thus  apparently  something  distinct  from  the  voltage 
dip  due  to  the  load.  However,  if  the  load  is  thrown  on 
in  successive  increments  at  a  very  rapid  rate,  the  result 
will  be  a  dip  in  voltage  due  to  the  prime  mover  regula- 
tion, although  the  voltage  dips  due  to  the  load  itself 
may  not  be  noticeable. 

The  above  gives  a  rough  outline  of  this  interesting 
but  little  understood  subject  of  voltage  variations. 
Going  a  step  farther,  a  similar  explanation  could  be 
given  for  voltage  rises  when  the  load  is  suddenly  inter- 
rupted, in  whole  or  in  part.  This  is  usually  known  as 
the  inductive  kick  of  the  armature  when  the  circuit  is 
opened.  This  may  give  rise  to  momentarily  increased 
voltages  which  tend  to  produce  flashing,  as  has  already 
been  referred  to  under  the  subject  of  flashing  when  the 
circuit  breaker  is  opened. 

PERIPHERAL  SPEED  OF  COMMUTATOR 

This  presents  two  separate  limitations  in  direct- 
current  design,  one  being  largely  mechanical  and  the 
other  being  related  to  voltage  conditions.  As  regards 
operation,  the  higher  the  commutator  speed,  as  a  rule, 
the  more  difficult  it  is  to  maintain  sood  contact  between 


brushes  and  commutator  face.  This  is  not  merely  a 
function  of  speed,  but  rather  of  commutator  diameter 
and  speed  together.  Apparently  it  is  easier  to  maintain 
good  brush  contact  at  5000  ft.  per  minute  with  a  com- 
mutator 50  in.  in  diameter  than  with  one  of  10  in.  in 
diameter.  Very  slight  unevenness  of  the  commutator 
surface  will  make  the  brushes  "jump"  at  high  peripheral 
speeds,  and  the  larger  the  diameter  of  the  commutator 
with  a  given  peripheral  speed  the  less  this  is. 

The  peripheral  speed  of  the  commutators  is  also  lim- ' 
ited  by  constructive  conditions.  With  the  usual  V- 
supported  commutators,  the  longer  the  commutator  the 
more  difficult  it  is  to  keep  true,  especially  at  very  high 
speeds  and  the  higher  temperatures  which  are  liable  to 
accompany  such  speeds.  Therefore,  the  allowable  peri- 
pheral speeds  are,  to  some  extent,  dependent  upon  the 
current  capacity  per  brush  arm,  for  the  length  of  the 
commutator  is  dependent  upon  this.  At  the  present 
time  peripheral  speeds  of  about  4500  ft.  per  minute  are 
not  uncommon  with  commutators  carrying  800  to  lOOO 
amperes  per  brush  arm.  In  the  case  of  60  cycle,  600 
volt  synchronous  converters,  5200  to  5500  ft.  speeds  are 
usual  with  currents  sometimes  as  high  as  500  to  600 
amperes  per  arm.  For  the  small  diameter  commutators 
used  in  direct-current  turbo-generator  work,  peripheral 
speeds  of  5500  to  6000  ft.  have  been  common.  How- 
ever, such  machines  usually  have  very  long  commutators 
and  of  the  so-called  "shrink-ring"  construction.  With 
the  higher  commutator  speeds  there  has  come  the  prac- 
tice of  "truing"  commutators  at  full  speed. 

The  other  limitation  fixed  by  peripheral  speed, 
namely,  that  of  the  voltage,  is  a  more  or  less  indirect 
one.  It  is  dependent  upon  the  number  of  commutator 
bars  that  are  practicable  between  two  adjacent  neutral 
points.  The  product  of  the  distance  between  adjacent 
neutral  points  and  the  frequency  in  alternations  gives 
the  peripheral  speed  of  the  commutator  (distance  be- 
tween neutral  points  in  feet  times  alternations  per  min- 
ute equals  peripheral  speed  in  feet  per  minute).  This 
then  limits  the  maximum  number  of  commutator  bars, 
and  therefore  the  maximum  voltage  which  is  possible, 
assuming  a  safe  limiting  voltage  per  bar.  From  this  it 
may  be  seen  that  the  higher  the  peripheral  speed,  the 
higher  the  permissible  voltage  with  a  given  frequency. 
In  the  same  way,  if  the  frequency  can  be  lowered 
(either  the  speed  or  the  number  of  poles  be  reduced)  the 
permissible  voltage  can  be  increased  with  a  given  peri- 
pheral speed.  Where  the  speed  and  the  number  of  poles 
are  definitely  fixed  and  the  diameter  of  commutator  is 
limited  by  peripheral  speed  and  other  conditions,  the 
maximum  practicable  voltage  is  thus  very  definitely 
fixed.  This  is  a  point  which  apparently  has  been  mis- 
understood frequently.  It  explains  why  in  railway 
motors  for  high  voltages  it  is  usual  practice  to  connect 
two  armatures  permanently  in  series ;  also,  why  two  60 
cycle  synchronous  converters  are  connected  in  series  for 
1200  or  1500  volt  service.  In  synchronous  converter 
work,  the  frequency  being  fixed  once  for  all,  the  maxi- 
mum direct-current  voltage  is  directly  dependent  upon 
the  peripheral  speed  of  the  commutator. 


Classification  and  Nomenclature  of 
Electric  Motors 
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ON  ACCOUNT  of  the  confusion  existing  regard- 
ing the  nomenclatvire  of  ahernating-current  com- 
mutator motors,  an  attempt  at  present  is  being 
made  by  a  subcommittee  of  the  A.I.E.E.  to  define 
definitely  a  number  of  terms  in  use.  The  principal 
difticulty  is  to  avoid  conflicting  with  the  usage  of  exist- 
ing terms  which  are  so  well  established  that  no  classifica- 
tion, no  matter  how  desirable  otherwise,  will  be  able  to 
change  the  use  of  these  words  in  actual  practice.  In 
view  of  the  close  relationship  of  some  commutator 
motors  to  other  types,  it  seems  advisable  to  extend  the 
definitions  proposed  in  this  article  so  as  to  cover,  as  far 
as  possible,  all  electric  motors  known  at  the  present  time 
in  order  to  give  a  more  comprehensive  view  of  the  whole 
situation.  This  is  particularly  desirable  in  view  of  the 
fact  that  the  situation  has  not  only  been  complicated  by 
the  commutator  motors,  but  also  by  the  introduction  of 
phase  advancers  and  speed  regulating  auxiliary  ma- 
chines in  connection  with  induction  motors. 

Another  difficulty,  or  almost  impossibility,  encoun- 
tered in  connection  with  this  subject  by  the  A.I.E.E. 
subcommittee  is  to  find  names  which  are  short  enough  to 
make  their  use  practicable  and  at  the  same  time  indicate 
the  numerous  characteristics  of  the  motor  which  may 
be  of  interest.  For  this  reason  it  is  considered  that  the 
best  that  can  be  accomplished  at  the  present  time  is  to 
define  certain  short  terms,  each  of  which  refer  only  to  a 
limited  number  of  characteristics  of  a  certain  type  or 
class  of  motors.  With  such  definitions  existing  it  will  be 
possible  to  use  them  either  singly  or  in  combination, 
giving  in  each  individual  case  only  such  terms  as  are  of 
importance  or  interest  in  connection  with  the  subject 
under  consideration. 

Another  fact  which  has  to  be  considered  is  that  very 
few  motor  types  are  fully  in  accordance  with  the  defini- 
tions given  under  all  conditions  of  load.  A  stator- 
excited  commutator  motor  may,  for  instance,  under  cer- 
tain load  conditions  receive  a  relatively  small  exciting 
effect  from  the  currents  flowing  in  the  armature  turns 
short-circuited  by  the  brushes.  Unless  such  an  effect  is, 
however,  of  great  practical  importance  for  the  opera- 
tion of  the  motor,  its  existence  may  well  be  and  should 
be  neglected  in  naming  the  motor.  In  choosing  terms  for 
a  certain  motor  it  should  rather  be  made  a  practice  to 
make  reference  to  the  essential  features  purposely  intro- 
duced into  the  design,  while  unavoidable  secondary  phe- 
nomena should  usually  not  be  referred  to  in  the  name. 

It  is  further  to  be  understood  that  the  use  of  any  one 
term  defined  in  the  following  is  not  to  exclude  the  use  of 
any  other  term  as  long  as  the  essential  characteristics  of 
a  certain  motor  or  motor  part  are  in  accordance  with  the 
definitions  as  given.* 


I— DEFINITION  OF  MOTOR  PARTS 

Before  defining  terms  applying  to  the  various  classes 
of  motors  it  seems  advisable  to  define  the  meaning  of 
certain  terms  used  for  the  various  parts  of  the  motors, 
for  the  various  magnetic  fields,  voltages,  currents, 
energy,  etc. 

A — PRINCIPAL  STRUCTURAL  PARTS  OF  A  MOTOR 

a — The  Stator  of  an  electrical  machine  is  the  sta- 
tionary (or  non-revolving)  part. 

b — The  Rotor  of  an  electrical  machine  is  the  rotating 
part. 

Considerable  difficulty  is  experienced  in  defining  the  terms 
armature  and  field  structure  so  as  to  make  the  definition  agree 
with  the  most  common  usage  of  these  terms,  a  change  of  which 
seems  practically  impossible,  although  it  would  seem  desirable. 
The  following  definitions  appear  to  be  the  best  compromise  and 
are  assumed  to  apply  wherever  the  two  terms  are  used  later  on. 
c — The  Armature  of  an  electrical  machine  is  the 
member  in  which  under  normal  operating  conditions  an 
e.tn.f.  is  induced  by  a  relative  mechanical  movement  be- 
tween the  conductors  and  a  magnetic  field. 

-According  to  this,  a  member  in  which  an  e.m.f.  is  induced 
by  a  rotating  field  set  up  in  the  same  member  without  a  relative 
mechanical  movement  between  the  conductors  and  the  field 
should  not  be  called  an  armature.  The  use  of  the  word  arma- 
ture follows  from  the  above  definitions  in  connection  with  the 
various  types  of  machines  as  given  below. 

The  Armature  of  a  direct-current  machine  is  the  member  in 
which  the  voltages  are  induced,  which  is  provided  with  a  com- 
mutator and  is  usually  the  rotor. 

The  Armature  of  a  synchronous  alternating-current  ma- 
chine is  the  member  in  which  the  alternating  voltages  are  in- 
duced, which  may  either  be  the  rotor  or  the  stator. 

The  Armature  of  either  a  squirrel-cage  or  slip-ring  type 
induction  motor  in  zuhich  the  secondary  is  short  circuited  is  the 
secondary  member.  Since  either  the  stator  or  the  rotor  may  be 
used  for  the  primary  member,  the  armature  may  be  either  the 
stator  or  the  rotor. 

The  Armature  of  a  slip-ring  type  induction  motor  which 
receives  its  exciting  current  in  the  secondary  circuit  from  an 
outside  source  is  the  primary  member,  Fig.  43. 

Since  in  some  modern  induction  motors  the  field  exciting 
currents  are  partly  furnished  by  the  primary  and  partly  by  the 
secondary,  both  the  primary  and  secondary  of  such  motors  may 
be  called  an  armature  according  to  the  above  definition.  In 
view  of  this,  and  also  in  view  of  the  fact  that  the  word  arma- 
ture has  not  been  used  much  in  connection  with  induction 
motors  of  the  squirrel-cage  and  slig-ring  type  in  the  past,  it  is 


*The  terms  here  given  and  marked  *  are  at  present  being 
considered  for  definition  by  the  .-V.I.E.E.  subcommittee;  those 
marked  **  are  part  of  the  StaiKhirdization  Rules.  The  defini- 
tions are,  however,  in  man\'  cases  different  from  those  given  by 
the  .\.I.E.E.  in  order  to  better  adapt  them  for  the  classification 
as  outlined  in  this  article.  Definitions  marked  f  are  in  line  with 
those  proposed  by  Mr.  A.  S.  McAllister,  chairman  of  the  com- 
mittee. The  figure  references  are  to  the  illustrations  which 
appeared  in  an  article  by  the  writer  and  Mr.  J.  V.  Dobson  in  the 
March,  1916  issue  of  the  Journal  and  to  the  appendix  to  this 
article. 
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suggested  that  the  word  armature  be  avoided  altogether  in  con- 
nection with  such  motors. 

The  Armature  of  an  alternating-current  commutator  motor 
is  the  member  in  which  under  normal  operating  conditions  an 
e.m.f.  is  induced  by  a  relative  mechanical  movement  between 
the  conductors  and  the  magnetic  field.  This  is  in  most  cases 
the  revolving  member  or  the  rotor  provided  with  a  commutator. 
Machines  with  stationary  commutator  member  are  at  present  of 
no  practical  importance. 

d—The  Field  Structure  (often  briefly  called  the 
field)  of  an  electrical  machine  is  a  member  supporting  a 
winding  which  creates  a  magnetizing  field  for  the  pur- 
pose of  inducing  voltage  in  an  armature  by  a  relative 
mechanical  movement  between  the  field  and  the  arma- 
ture conductors. 

With  this  definition  the  use  of  the  words  field  structure  is 
definitely  limited  to  one  member  in  practically  all  direct-current 
machines,  in  all  synchronous  alternating-current  machmes  and 
in  alternating-current  commutator  machines  in  which  the  torque 
field  is  excited  by  a  winding  on  the  stator.  For  reasons  similar 
to  those  given  in  connection  with  the  armature,  either  member 
or  both  members  of  an  induction  motor  may  be  called  field 
structure  according  to  the  above  definitions,  depending  upon 
the  case.  Similar  conditions  apply  to  armature  excited  commu- 
tator motors.  For  this  reason  it  seems  advisable  to  limit  the 
words  field  structure  in  its  practical  use  to  direct-current  ma- 
chines, synchronous  alternating-current  machines  and  stator 
excited   alternating-current   commutator   machines. 

e—The  Primary  Member  (often  briefly  called  thc 
primary)  of  a  motor  is  the  member  which  receives  the 
major  part  of  the  working  energy  of  the  motor  directly 
from  the  power  supply.  „    ,  .1  „ 

i—The  Secondary  Member  (often  briefly  called  Hie 
secondary)  of  a  motor  is  the  member  which  receives  the 
major  part  of  its  working  energy  through  induction  or 
transformer  action  from  the  other  member. 

The  fact  that  a  certain  member  receives  a  relatively  small 
amount  of  energy  directly  from  the  power  supply  for  exciting, 
compensating  or  regulating  purposes  does  not  take  .t  out  of  the 
class  of  secondary  member,  if  it  receives  the  major  part  of  its 
working  energy  or  currents  through  induction  from  the  other 

""^"in  view  of  the  fact  that  neither  direct-current  machines  nor 
alternating-current  synchronous  machines  have  a  secondary 
member,  also,  because  it  is  most  customary  to  use  the  terms 
armature  and  stator  in  connection  with  alternating-current  com- 
mutator motors,  it  is  recommended  to  use  the  terms  primary 
and  secondary  member  preferably  in  connection  with  mduct.on 
motors  only,  as  has  been  customary  in  the  past. 

g—The  Slip  Rings  of  an  electrical  machine  are  slid- 
ing contacts  for  the  purpose  of  transmitting  currents 
from  a  revolving  member  to  stationary  conductors  with- 
out changing  the  electrical  characteristics  of  the  current. 

h—The  Commutator  of  an  electrical  machine  is  a 
member  composed  of  sliding  contacts  for  the  purpose  of 
transmitting  currents  from  rotating  conductors  to  sta- 
tionary conductors  and  for  commutating  at  the  saine 
time  the  currents  in  the  conductors  connected  to  the 
commutator  contacts. 

i—The  Brushes  of  an  electrical  machine  are  sliding 
contact  members,  working  in  conjunction  with  slip  rings 
or  commutators. 

j—The  Core  of  an  electrical  machine  is  a  part  made 
of  magnetic  material  for  the  purpose  of  carrying  useful 
magnetic  fluxes. 


k — The  Windings  of  an  electrical  machine  are  con- 
ductors on  either  the  stator  or  the  rotor  of  a  machine 
carrying  useful  currents. 

B ELECTRICAL   TERMS 

a — A  Working  Current  of  an  electrical  machine  is  a 
current  or  its  component  producing  a  working  torque  in 
conjunction  with  the  main  magnetic  field. 

h—The  Load  Current  of  an  electrical  machine  is  a 
current  changing  with  the  mechanical  load  of  the  ma- 
chine. 

c — An  Exciting  Current  of  an  electrical  machine  is  a 
current  or  component  thereof  that  is  in  phase  (posi- 
tive or  negative  direction)  with  a  magnetic  field  excited 
by  such  a  current. 

d—The  Energy  Voltage  of  an  electrical  machine  is  a 
voltage  in  phase  with  a  working  current. 

e—The  Working  Voltage  of  an  electric  motor  i? 
that  part  of  the  energy  voltage  which  is  impressed  upon 
a  winding  either  by  conduction  or  induction  (trans- 
former action)  to  be  used  up  in  the  transformation  of 
electrical  energy  to  mechanical  energy  within  the  motor. 

i—The  Working  Energy  in  a  motor  is  the  product 
of  a  torque  producing  current  flowing  in  a  motor  wind- 
ing and  an  e.m.f.  impressed  upon  the  same  winding, 
either  by  conduction  or  induction  (transformer  action), 
to  be  used  up  in  the  transformation  of  electrical  to  me- 
chanical energy  within  the  motor. 

C — MAGNETIC    TERMS 

s.—The  Main  or  Torque  Field  of  an  electrical  ma- 
chine is  the  field  which,  together  with  the  armature 
working  current,  produces  the  working  torque. 

In  direct-current  motors  and  single-phase  commutator 
motors,  the  axis  of  the  main  or  torque  field  is  usually  at  right 
angle  to  the  axis  of  the  brushes  carrying  the  armature  working 
current.  In  all  polyphase  alternating-current  motors  the  torque 
field  is  usually  rotating.  In  single-phase  synchronous  machines 
the  torque  field  is  stationary  with  revolving  armature  machines 
and  it  rotates  with  the  field  structure  in  revolving  field  ma- 
chines. 

h—The  Cross  Field  of  an  electrical  machine  is  a  field 
shifted  90  electrical  degrees  in  space  against  the  axis  of 
the  torque  field. 

A  definite  distinction  between  torque  field  and  cross  field  i>. 
of  course,  usually  possible  with  direct-current  machines  and 
single-phase  alternating-current  machines  only;  especially  with 
single-phase  commutator  motors  the  use  of  the  two  terms  is 
very  convenient. 

c—The  Commutating  Field  of  an  electrical  machine 
is  a  field  introduced  for  the  purposes  of  favorably  af- 
fecting the  commutation. 

In  direct-current  machines  and  single-phase  commutator 
machines  a  commutating  field  affecting  the  working  brushes  is 
usually  a  cross  field,  while  a  commutating  field  affecting  the 
exciter  brushes  is  often  in  line  with  the  main  or  torque  field. 

d—An  Armature  Field  of  an  electrical  machine  is  a 
field  produced  by  currents  flowing  in  the  armature. 

e— /4k  Armature  Cross  Field  of  an  electrical  ma- 
chine is  a  cross  field  produced  by  currents  (usually 
working  currents)  flowing  in  the  armature. 

i—The  Artnature  Main  Field  or  Torque  Fteld  of  an 
electrical  machine  is  the  main  field  or  torque  field  pro- 
duced by  currents  flowing  in  the  armature. 
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g — A  Local  Cross  Field  is  a  field  which  extends  over 
a  limited  part  of  the  pole  face  only  and  usually  covers 
approximately  the  conimutating  zone  (Figs.  34  and  35). 

h — A  Local  Conimutating  Field  is  a  commutating 
field  which  extends  approximately  over  the  conimutating 
zone  only  (Figs.  34  and  35). 

D — TERMS    REFERRING   TO   THE   DETAIL    STRUCTURE 
AND   FUNCTION   OF    MOTOR   PARTS 

The  use  of  the  following  terms  is  convenient  in  con- 
nection with  certain  classes  of  motors : — 

a — The  Working  Brushes  of  an  electrical  machine 
are  brushes  carrying  principally  currents  producing  the 
working  torque  of  a  machine  (Figs.  6  to  41). 

b — The  Exciting  Brushes  of  an  electrical  machine 
are  brushes  carrying  principally  currents  for  the  pur- 
pose of  exciting  the  torque  or  main  field  (Figs,  ^y 
to  41). 

In  many  machines,  especially  those  of  the  polj'phase  com- 
mutating type  certain  brushes  will,  of  course,  serve  both  pur- 
poses. The  distinction  made  above  is,  however,  very  useful 
and  convenient  for  the  discussion  of  many  single-phase  com- 
mutating motors. 

c — A  Concentrated  Winding  is  one  in  which  all  turns 
of  the  winding  for  each  pole  are  concentrated  in  a  single 
coil. 

d — A  Distributed  Winding  is  one  in  which  the  turns 
for  each  pole  are  distributed  over  several  slots  or  re- 
cesses, either  over  the  entire  pole  face  (completely  dis- 
tributed winding)  or  over  part  of  the  same  (partially 
distributed  winding). 

e — A  Short-Circuited  Winding  is  one  which  is  short- 
circuited  within  itself  and  has  no  external  voltage  im- 
pressed and  no  impedance  external  to  the  winding 
proper  in  circuit,  except  the  relatively  small  impedance 
incident  to  leads,  brushes,  contact  resistance,  etc. 

f — A  Squirrel-Cage  Winding  is  one  consisting  of  a 
number  of  single  conductors  connected  electrically  to 
each  other  at  both  ends. 

g — A  Neutralizing  Winding  is  a  winding  carrying 
currents  for  the  purpose  of  neutralizing  the  magnetic 
efTect  set  up  by  currents  in  another  winding,  usually  the 
armature. 

There  are,  of  course,  quite  a  number  of  convenient  combi- 
nation terms,  like  the  following,  the  definition  of  which,  how- 
ever, is  so  self-evident  from  those  previously  given  that  it  seems 
unnecessary  to  define  them  here : — Slip-ring  rotor ;  short-cir- 
cuited rotor  ;  squirrel-cage  rotor  ;  stationary  armature  ;  revolv- 
ing armature ;  stationary  field ;  revolving  field ;  stationary 
primary;  revolving  primary;  stationary  secondary;  revolving 
secondary ;  stator  core ;  rotor  core ;  stator  windings ;  rotor 
windings,  etc. 

MOTOR  CLASSIFICATION 

The  motors  themselves  may,  and  should,  properly 
be  classified  and  defined  from  a  number  of  diiiferent 
viewpoints  as  indicated  in  the  main  headings  2  to  //, 
inclusive,  as  given  herewith.  Under  each  of  these 
headings  an  attempt  is  made  to  give  under  A  what  the 
writer  considers  to  be  the  most  important  and  funda- 
mental classification ;  under  B  certain  desirable  sub- 
classifications  ;  under  C  whatever  alternate  classifica- 
tions, terms  and  definitions  may  be  used ;  and  under  D 
terms  and  definitions  which  are  convenient  in  practice 
and  are  of  a  limited  scope. 


2— CLASSIFICATION   WITH   RESPECT   TO   KIND 

OF   ENERGY   USED   FOR  OPERATING 

THE  MOTORS 

.\ — FUNDAMENTAL    CLASSIFICATION 

a — A  Direct-Current  Motor  is  one  which  derives  its 
working  energy  from  a  direct-current  power  supply. 

b — An  Alternating-Current  Motor  is  one  which  de- 
rives its  working  energy  from  an  alternating-current 
power  supply. 

Similar  definitions  may,  of  course,  be  made  for  such  terms 
as  pulsating-current**  motor  and  continuous-current**  motor. 

B — SUBCLASSIFICATION 

c — A  Single-Phase  Motor*  is  one  that  receives  the 
whole  of  its  working  energy  from  only  one  phase  of  an 
alternating-current  supply.  It  may  receive  its  exciting 
energy  from  the  same  or  from  another  phaset  (Figs.  6 
to  41,  inclusive). 

d — A  Polyphase  Motor*  is  one  that  receives  its  work- 
ing energy  from  a  plurality  of  phases  of  an  alternating- 
current  supplyt  (Figs.  42  to  44,  inclusive). 

It  will  be  noticed  that  all  of  the  above  classifications  define 
the  motor  with   regard  to  the  power  supply   for  the  working 
energy  of  the  motor  only.    The  fact  that  a  motor  is  excited  by 
some  other  kind  of  current  or  from  a  different  phase  does  not 
alter  the  use  of  any  of  the  above  terms. 
3— CLASSIFICATION    REGARDING   METHOD    OF 
CONVEYING   OR   FEEDING   ENERGY 
INTO  THE  MOTOR 
A — FUNDAMENTAL    CLASSIFICATION 

Since  all  motors  have  at  least  one  rotor  and  one 
stator  the  working  energy  may  be  fed  into  a  rotor  or  a 
stator,  or  into  both.  Accordingly,  we  have  the  follow- 
ing fundamental  definitions : — 

a — A  Rotor  Fed  Motor  is  one  in  which  the  working 
energy  is  fed  into  the  rotor  by  applying  the  energy 
voltage  of  the  power  supply  to  the  rotor. 

According  to  this  definition,  all  of  the  following  motor  types 
are  rotor  fed : — All  direct-current  motors ;  all  revolving  arma- 
ture synchronous  machines ;  all  slip-ring  induction  motors  with 
the  slip  rings  connected  to  the  main  power  supply;  and  alter- 
nating-current commutator  motors  whose  armature  circuit  is 
connected  to  the  supply  circuit  voltage  (see  Figs.  6,  7,  11,  15,  19, 

23,  27,  28,  34,  35  and  36). 

b — A  Stator  Fed  Motor  is  one  in  which  the  working 
energy  is  fed  into  the  stator  by  applying  the  energy  volt- 
age of  the  power  supply  to  the  stator. 

According  to  this  definition,  all  of  the  following  motor 
types  are  stator  fed : — All  revolving  field  synchronous  ma- 
chines ;  all  slip-ring  and  squirrel-cage  mduction  motors  with  the 
stator  connected  to  the  main  power  supply,  as  in  Figs.  43  and  44, 
and  alternating-current  commutator  motors  in  which  the  cir- 
cuit containing  the  stator  cross  field  winding  is  connected  to 
the  supply  circuit  voltage   (see,  for  instance.  Figs.  8,  12,  16,  20, 

24,  29.  37,  38  and  41). 

c — A  Doubly  Fed  Motor*  is  one  in  which  the  work- 
ing current  is  fed  into  the  motor  by  applying  energy 
voltage  of  the  power  supply  to  both  the  stator  and  the 
rotor. 

According  to  this  definition,  all  the  following  motors  are 
doubly  fed : — Alternating-current  commutator  motors  with  two 
circuits,  one  containing  the  armature  and  one  a  cross  field 
winding,  and  both  of  these  circuits  receiving  an  energy  voltage 
from  the  power  supply,  as  in  Figs.  9,  10,  13,  14,  17,  18,  21,  22, 

25,  26,  30,  31,   32,  33,  39  and   40;   slip-ring   induction   motors 
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working  in  conjunction  with  a  regulating  machine  in  tlie  sec- 
ondary, as  shown  in  Fig.  44;  and  many  polyphase  commutator 
motors,  as,  for  instance,  that  shown  in  Fig.  42. 

B SUBCLASSIFICATION 

With  doubly  fed  motors  it  is  possible  to  supply  the 
two  members  with  energy  in  the  same  direction  so  that 
an  addition  of  energy  is  obtained ;  it  is  also  possible  to 
supply  the  two  members  with  working  energy  in  the  op- 
posite direction  so  that  one  member  receives  a  surplus  of 
energy  which  is  returned  to  the  line  by  the  other  mem- 
ber which,  therefore,  really  acts  as  a  generator  member. 
Accordingly,  the  following  subclassifications  should  be 
made : — 

d — An  Additionally  (Doubly)  Fed  Motor  is  one  in 
which  the  working  energy  is  fed  into  the  motor  by  ap- 
plying energy  voltage  to  both  the  stator  and  the  rotor  so 
that  the  resultant  working  energy  is  equal  to  the  sum  of 
the  two  components. 

This  definition  covers  alternating-current  commutator 
motors  in  which  the  voltage  is  impressed  upon  the  two  members 
in  the  same  direction  (see,  for  instance.  Figs.  9,  13,  17,  21,  25, 
30,  32  and  jii^  •  as  well  as  slip-ring  induction  motors  working 
above  synchronous  speed  in  conjunction  with  a  regulating  ma- 
chine in  the  secondary  (Fig.  44). 

e — A  Differentially  (Doubly)  Fed  Alotor  is  one  in 
which  the  working  energy  is  fed  into  the  motor  by  ap- 
plying energy  voltage  to  both  the  stator  and  the  rotor 
so  that  a  resultant  working  energy  is  equal  to  the  differ- 
ence of  the  two  components. 

This  definition  covers  alternating-current  commutator 
motors  in  which  the  voltage  is  impressed  upon  the  two  mem- 
bers in  opposite  direction  (see.  for  instance.  Figs.  10,  14.  18,  22. 
26  and  31),  as  well  as  slip-ring  induction  motors  working  below 
synchronous  speed  in  conjunction  with  a  regulating  machine  in 
the  secondary  (Fig.  44). 

C ALTERNATE    CLASSIFICATIONS 

Instead  of  classifying  the  method  of  power  supply 
according  to  rotor  or  stator,  the  classification  may  be 
made  as  to  whether  working  energy  is  supplied  to  only 
one  member  by  conduction  or  as  to  whether  the  working 
energy  is  transmitted  from  one  member  to  the  other  by 
induction  or  transformer  action  within  the  motor.  This 
classification  naturally  suggests  the  following  terms : — 

f — A  Conduction  Motor*  is  one  in  which  working 
energy  is  supplied  to  only  one  of  the  members  and  con- 
veyed to  it  by  conduction. 

This  definition  covers  all  direct-current  motors,  all  syn- 
chronous alternating-current  motors,  and  single-phase  commu- 
tator motors  in  which  only  the  armature  circuit  is  connected  to 
the  supply  circuit  voltage  (see,  for  instance.  Figs.  6,  7,  11,  15, 
19,  23,  27,  28,  34,  35  and  36) . 

g — An  Induction**  or  Transformer  Motor*  is  one 
in  which  the  working  energy  is  transmitted  from  one  of 
the  members  to  the  other  member  by  electromagnetic  in- 
duction or  transformer  action. 

This  definition  covers  all  squirrel-cage  and  slip-ring  type 
induction  motors  and  alternating-current  commutator  motors 
in  which  working  energy  is  transmitted  from  one  member  to 
the  other  by  transformer  action.  While,  according  to  the  above 
general  and  broad  definition,  the  term  induction  motor  is 
applicable  to  commutator  motors,  this  term  has  for  many  years 
been  used  principally  for  induction  motors  of  the  squirrel-cage 
and  slip-ring  types.     It  seems,  therefore,  advisable  to  continue 


the  use  of  the  term  induction  motor  for  motors  of  the  slip-ring 
and  squirrel-cage  type  only.  The  term  transformer  motor  is 
recommended  for  use  in  connection  with  commutator  motors 
only. 

D TERMS  OF  A  LIMITED  SCOPE 

According  to  the  convention  proposed  under  C,  g 
with  regard  to  limiting  the  scope  of  the  words  induction 
and  transformer  motor,  the  following  definitions  may  be 
proposed : — • 

h — The  term  Induction  Motor**,  if  used  without 
modifying  terms,  usually  means  a  motor  in  which  non- 
commutated  working  currents  are  flowing  in  both  mem- 
bers and  in  which  working  energy  is  transmitted  from 
one  of  the  members  to  the  other  by  electromagnetic  in- 
duction. 

The  term  induction  motor  applies,  therefore,  to  motors  gen- 
erally known  as  slip-ring  induction  motors  and  squirrel-cage 
(induction)  motors. 

i — The  term  Transformer  Motor*  if  used  without 
modifying  terms  means  usually  a  motor  in  which  com- 
mutated  working  currents  are  flowing  in  the  circuit  of 
one  of  the  members  and  in  which  working  energy  is 
transmitted  from  one  member  to  the  other  by  trans- 
former action. 

The  term  transformer  motor  applies,  therefore,  usually  to 
stator  fed  commutator  motors  (see,  for  instance,  Figs.  8,  12,  16, 
20,  24,  29,  37,  38  and  41).  In  order  to  take  care  of  a  certain 
class  of  motors  which  have  commutated  and  non-commutated 
currents  flowing  in  one  of  the  members  by  having,  for  instance, 
resistance  in  parallel  to  coils  connected  to  a  commutator  or  by 
having  a  commutated  and  non-commutated  winding  in  the 
motor,  the  following  definition  might  be  suggested  : — 

j — A  Double  JVave  Induction  Motor  is  one  in  which 
the  circuits  of  one  member  carry  both  commutated  and 
non-commutated  currents  and  in  which  working  energy 
is  transmitted  from  one  member  to  the  other  by  electro- 
magnetic induction. 

The  name  double  wave  induction  motor  suggests  itself  be- 
cause the  action  of  two  alternating-currents  of  different  wave 
length  is  operating  the  motor. 

k — An  Armature  Fed  Motor*  is  one  in  which  the 
working  current  is  fed  into  the  armature  by  applying 
the  energy  voltage  of  the  power  supply  to  the  armature. 

Since  the  word  armature  is  not  to  be  applied  to  induction 
motors,  and  since  synchronous  motors  and  direct-current 
motors  are  always  armature  fed,  it  is  recommended  that  the 
term  armature  fed  is  preferably  applied  to  alternating-current 
commutator  motors  only.  For  similar  reasons  it  seems  advis- 
able to  apply  the  term  conduction  motor  usually  to  alternating- 
current  commutator  motors  only,  such  as  those  in  Figs.  6,  7,  11, 
15,  19,  23,  27,  28,  34,  35  and  36. 

The  following  terms  also  seem  to  be  well  adopted  to  des- 
ignate certain  special  classes  of  motors  rather  definitely : — 

1 — A  Commutator  Fed  Motor  is  one  in  which  the 
working  current  is  fed  into  the  armature  by  applying  the 
energy  voltage  of  the  power  supply  to  the  brushes  of  a 
commutator. 

It  is  evident  that  a  commutator  fed  motor  and  armature 
fed  motor  are  practically  identical. 

m — A  Cross  Field  Fed  Motor  is  a  single-phase  com- 
mutator motor  in  which  the  working  energy  is  fed  into 
the  cross  field  winding  circuit  by  applying  the  energy 
voltage  of  the  power  supply  to  the  circuit  containing  the 
cross  field  winding. 
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This  term  is  naturally  limited  in  practice  to  single-phase 
motors  because  polyphase  motors  have  no  definite  cross  field 
winding. 

II — A  Reverse  Doubly  Ecd  Motor  is  a  commutator 
motor  in  which  the  working  energy  is  fed  into  the  motor 
by  applying  energy  voltage  to  both  the  stator  and  the 
rotor  so  that  the  resultant  working  energy  is  equal  to 
the  diiTerence  of  the  two  components. 

This  expression  seems  convenient  to  designate  differen- 
tially fed  motors  of  the  commutator  type  having  two  circuits, 
since  with  these  motors  the  differential  feeding  is  obtained  by 
reversing  one  of  the  circuits. 

o — A  Neutralised  Motor*  is  one  in  which  use  is  made 
of  a  winding  for  producing  a  magnetomotive-force  op- 
posed in  space  and  time  to  the  armature  cross  field 
magnetomotive-force  over  practically  the  entire  pole 
face. 

This  term  applies  to  both  alternating-current  and  direct- 
current  commutator  motors  having  a  distributed  neutralizing 
(previously  called  at  times  compensating)  winding.  If  motors 
have  a  neutralizing  winding  covering  only  part  of  the  pole  face, 
as  is  the  case  with  many  commutating  pole  motors,  they  should 
be  called  partially  neutralized  motors. 

p — A  motor  with  Conductive  Neutralization  or  a 
Series  Fed  Motor  is  one  in  which  the  stator  cross  field 
winding  is  connected  in  series  with  the  armature  in  a 
single  circuit  (see,  for  instance,  Figs.  6,  27,  34,  35 
and  36). 

q — A  motor  with  Inductive  Neutralization  is  one  in 
which  neutralizing  currents  are  caused  to  flow  in  a  cross 
field  winding  by  transformer  action  (as  in  Figs.  7,  11, 
15,  19,  23  and  28). 

Cross  field  fed  motors  have  in  the  past  been  called  at  times 
"repulsion  motors."*  Since  there  is  considerable  disagreement, 
however,  as  to  just  what  a  repulsion  motor  is,  it  is  recom- 
mended that  this  term  be  avoided,  at  least  until  a  certain  defini- 
tion has  been  adopted  by  the  A.I.E.E.  With  the  definitions 
previously  given  it  is  possible  to  designate  any  known  type  of 
motor  without  resorting  to  the  terms  repulsion  motor  or  series 
repulsion  motor. 

4— CLASSIFICATION  WITH   REGARD  TO   KIND   OF 

ENERGY  USED  FOR  EXCITING  THE 

MAIN  FIELD 

A- — FUNDAMENTAL    CLASSIFICATION 

a — A  Direct-Current  Excited  Motor  is  one  in  which 
the  torque  field  is  excited  by  direct  current. 

b — An  Alternating-Current  Excited  Motor  is  one  in 
which  the  torque  field  is  excited  by  alternating  current. 

B SUBCLASSIFICATION 

c — A  Line  Frequency  Excited  Motor  is  one  in  which 
the  torque  field  is  excited  by  currents  of  the  line  fre- 
quency. 

d — A  Lozv  Frequency  Excited  Motor  is  one  in  which 
the  torque  field  is  excited  by  currents  of  a  frequency 
lower  than  the  line  frequency. 

The  above  classification  is  of  some  practical  importance  in 
combination  with  alternating-current  motors  in  so  far  as  it  in- 
dicates the  k.v.a.  which  are  to  be  supplied  for  the  purpose  of 
excitation,  and  which  are  the  smallest  with  direct-current  ex- 
citation (synchronous  motors),  somewhat  larger  with  low- 
frequency  excitation  (induction  motor  with  a  phase  advancer  or 
exciter  connected  in  the  secondary,  as  for  instance  in  Figs.  43 
and  44),  and  the  largest  with  line  frequency  excitation  (straight 
induction  motors  without  auxiliary  machines,  and  in  all  alter- 
nating-current commutator  motors). 


S  — CLASSIFICATION     WITH     REGARD     TO     THE 
MEMBER  CARRYING  THE  MAGNETIZING  CUR- 
RENTS FOR  THE  TORQUE  FIELD 

A — FUNDAMENTAL    CLASSIFICATION 

Since  any  motor  has  at  least  one  stator  and  one  rotor, 
the  following  possibilities  exist,  namely,  the  currents  ex- 
citing the  main  or  torque  field  may  be  flowing  in  the 
stator,  rotor,  or  both.  Accordingly,  we  have  the  follow- 
ing definitions: — 

a — A  Rotor  Excited  Motor*  is  one  in  which  the 
torque  producing  field  is  due  to  current  in  a  winding 
located  on  the  rotor. t 

The  following  motors  are,  therefore,  rotor  e.xcitcd : — Syn- 
chronous motors  with  revolving  field ;  standard  induction 
motors  with  tlie  rotor  connected  to  the  line ;  induction  motors 
with  the  rotor  serving  as  secondary  and  excited  by  a  phase  ad- 
vancer (Figs.  43  and  44)  ;  all  armature  excited  commutator 
motors  (Figs.  37,  38,  39  and  40). 

b — A  Stator  Excited  Motor*  is  one  in  which  the 
torque  producing  field  is  due  to  currents  in  a  winding 
located  on  the  statort. 

The  following  motors  are,  therefore,  stator  excited : — -•Ml 
direct-current  machines  of  common  construction ;  synchronous 
motors  with  revolving  armature ;  all  standard  induction  motors 
with  the  stator  connected  to  the  line,  and  induction  motors  in 
which  the  stator  is  the  secondary  and  excited  by  a  phase  ad- 
vancer; all  stator  excited  commutator  motors  (see,  for  in- 
stance. Figs.  6  to  36,  inclusive). 

c — A  Doubly  Excited  Motor*  is  one  in  which  the 
torque  producing  field  is  due  to  current  in  windings  lo- 
cated on  the  stator  and  on  the  rotor  (as  in  Ing.  41). 

B — SUBCLASSIFICATION 

d — An  Additionally  Doubly  Excited  Motor  is  one 
in  which  the  torque  producing  field  is  due  to  the  sum 
of  exciting  currents  flowing  in  windings  located  on  the 
stator  and  rotor. 

e — A  Differentially  Doubly  Excited  Motor  is  one 
in  which  the  tor([ue  producing  field  is  due  to  the  dift'er- 
ence  of  exciting  currents  flowing  in  windings  located  on 
the  stator  and  rotor. 

D — TERMS  OF  LIMITED  SCOPE 

f — A  Primary  Excited  Motor  is  one  in  which  the 
torque  producing  field  is  due  to  currents  in  a  winding 
located  on  the  primary  member. 

g — A  Secondary  Excited  Motor  is  one  in  which  the 
torque  producing  field  is  due  to  currents  in  a  winding 
located  on  the  secondary  member  (as  in  Figs.  43 
and  44). 

For  reasons  previously  given,  the  above  two  terms  should 
be  used  principally  in  connection  with  induction  motors. 

h — An  Armature  Excited  Motor  is  one  in  which  the 
torque  producing  field  is  due  to  currents  in  a  windmg 
located  on  the  armature  ( as  in  Figs.  37.  38.  39  and  40) . 

i — A  Commutator  Excited  Motor  is  one  in  which  the 
torque  producing  field  is  due  to  currents  passing  through 
a  commutator  into  the  armature  (as  in  Figs.  37,  38,  39 
and  40). 

For  reasons  previously  i;ivcn,  the  last  two  terms  should  be 
used  principally  in  connection  with  comniutator  motors. 
6-CLASSIFICATION    WITH    REGARD    TO    SOURCE 

OF  EXCITING  CURRENTS 
A — FUNDAMENTAL    CLASSIFICATION 

a A  Line  Excited  Motor  is  one  in  which  the  excit- 
ing kilo-volt  amperes  for  the  torque  field  are  furnished 
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by  the  line  furnishing  the  working  energy  of  the  motor. 

Such  motors  are  most  direct-current  motors,  induction 
motors  witliout  a  phase  advancer  and  most  stator  excited  alter- 
nating-current commutator  motors,  as  in  Figs.  6  to  31  and  33 
to  35- 

b — A  Self-Excited  Motor  is  one  in  which  the  excit- 
ing kilo-volt  amperes  for  the  torque  field  are  generated 
within  the  motor. 

Such  motors  are  most  armature  excited  commutator 
motors,  as  shown  in  Figs.  37  to  41. 

c — A  Separately  Excited  Motor  is  one  in  which  the 
exciting  kilo-volt  amperes  for  the  torque  field  are  sup- 
plied by  a  current  source  different  from  that  supplying 
the  working  energy  and  different  from  the  motor  itself. 

Such  motors  are  direct-current  motors  and  alternating- 
current  motors  excited  by  either  a  battery  or  separate  exciter, 
as  in  Figs.  32,  36,  43  and  44. 

d—A  Transformer  Excited  Motor  is  one  in  which 
the  exciting  kilo-volt  amperes  for  the  torque  field  are 
supplied  by  a  transformer  winding  different  from  that 
supplying  the  working  energy  of  the  motor  (Figs.  27 
to  31,  33  and  40). 

e — A  Phase  Converter  Excited  Motor  is  one  in 
which  the  exciting  kilo-volt  amperes  for  the  torque  field 
are  supplied  by  a  phase  converter. 

Such  motors  are  stator  excited,  single-phase  commutator 
motors,  the  field  of  which  is  excited  by  a  phase  converter,  usu- 
ally for  the  purpose  of  regeneration,  as  shown  in  Fig.  36. 

f — A  Frequency  Converter  Excited  Motor  is  one  in 
which  the  exciting  kilo-volt  amperes  for  the  torque  field 
are  supplied  by  a  frequency  converter. 

Such  motors  are  induction  motors,  the  secondary  of  which 
is  connected  to  a  frequency  changer  serving  as  a  regulating 
machine  and  furnishing  exciting  current,  as  in  Fig.  44. 

g — A  Resultant  Excited  Motor  is  one  in  which  the 
exciting  kilo-volt  amperes  for  the  torque  field  are  the  re- 
sultant of  the  kilo-volt  amperes  furnished  by  two  or 
more  different  sources  of  exciting  kilo-volt  amperes  (as 
in  Fig.  42). 

B — SUBCLASSIFICATION 

All  motors  which  are  excited  from  a  source  other 
than  the  line  may  be  either  fully  excited  by  this  other 
source  or  over-excited  or  under-excited.  Accordingly, 
we  obtain  the  following  subclassification : — 

h — An  Under-Excited  Motor  is  one  which  receives 
part  of  the  exciting  kilo-volt  amperes  for  the  torque  field 
from  a  source  other  than  the  energy  power  supply. 

In  case  of  alternating  currents,  such  motors  are  usually 
partly  power-factor  compensating. 

i — An  Over-Excited  Motor  is  one  which  receives  ex- 
citing kilo-volt  amperes  for  the  torque  field  from  a 
source  other  than  energy  power  supply,  in  excess  of  the 
kilo-volt  amperes  needed  for  the  excitation  of  the  torque 
field. 

In  case  of  alternating  currents,  such  motors  are  usually 
either  fully  power-factor  compensated  or  over-compensated, 
which  means  that  they  run  with  leading  power-factor. 

7— CLASSIFICATION  WITH  REGARD  TO  THE  DE- 
PENDENCY OF  THE  TORQUE  FIELD  UPON 
THE  LOAD  OF  THE  MOTOR 

.\ — FUNDAMENTAL    CLASSIFICATION 

a — A  Load  Excited  Motor  is  one  in  which  the  excit- 


ing current  of  the  torque  field  is  about  proportional  to 
the  load  current. 

Such  motors  are  all  series  excited  direct-current  motors 
and  all  load  excited  alternating-current  commutator  motors  (see, 
for  instance.  Figs.  6  to  31,  inclusive,  and  33,  34,  35,  38,  40 
and  42). 

b — A  No-Load  Excited  Motor  is  one  in  which  an 
exciting  current  for  the  torque  field  exists  with  no  load 
on  the  motor  and  in  which  the  exciting  ampere  turns 
are  not  materially  dependent  upon  the  load. 

Such  motors  are  direct-current  shunt  motors ;  all  synchron- 
ous motors ;  most  induction  motors ;  most  separately  excited 
motors  of  all  kinds  and  many  self-excited  motors  of  the  alter- 
nating-current commutator  type  (Figs.  37,  39  and  41). 

c — A  Compound  (Excited)  Motor  is  one  in  which  an 
exciting  current  for  the  tortjue  field  exists  with  no  load 
on  the  motor,  but  in  which  the  exciting  ampere  turns 
are  materially  changed  with  changing  load. 

B — SUBCLASSIFICATION 

d — A  Positive  or  Cumulative  Compound  (Excited) 
Motor  is  one  in  which  an  exciting  current  for  the  torque 
field  exists  with  no  load  on  the  motor  and  in  which  this 
exciting  field  increases  with  increased  load. 

e — A  Differential  Compound  (Excited)  Motor  is  one 
in  which  an  exciting  current  for  the  torque  field  exists 
with  no  load  on  the  motor  and  in  which  this  exciting 
field  is  decreased  with  increased  load. 

C ALTERNATIVE   TERMS 

f^ — A  Constant  Field  Motor*  is  one  in  which  the 
torque-[)roducing  field  remains  practically  constant  inde- 
pendent of  the  load.t 

Such  a  motor  will  in  general  have  a  constant  speed  charac- 
teristic similar  to  that  of  the  direct-current  shunt  motor. 

g — A  Variable  Field  Motor*  is  one  in  which  the 
torque-producing  field  varies  in  some  proportion  with 
the  load  current. 

Such  a  motor  will  in  general  have  a  load  speed  character- 
istic  similar   to   those   of    direct-current   series   and   compound 
motor. 
D TERMS  OF  LIMITED  SCOPE 

h — A  Series  Excited  Motor  (often  briefly  called 
series  motor)  is  one  in  which  the  torque  field  is  excited 
by  the  armature  load  current  or  working  current. 

Such  motors  are  the  well-known  series  direct-current 
motors  and  a  number  of  alternating-current  commutator  motors 
(see,  for  instance.  Figs.  6  to  10,  inclusive,  and  34,  35  and  42). 

i — A  Cross  Field  Excited  Motor  is  one  in  which  the 
torque  field  is  excited  by  the  current  flowing  in  a  cross 
field  winding. 

In  practice  this  definition  is  limited  to  single-phase  com- 
mutator motors  with  the  cross  field  and  main  field  winding 
connected  in  series  (see,  for  instance.  Figs.  11  to  18,  inclusive, 
and  38). 

j — .-f  Shunt  Excited  Motor  (often  briefly  called 
shunt  motor)  is  one  in  which  the  torque  field  is  con- 
nected in  parallel  to  a  winding  carrying  the  working 
energy,  usually  the  armature. 

8— CLASSIFICATION    REGARDING   THE    SPEED 
CHARACTERISTICS  OF  THE  MOTOR 

A — FUNDAMENTAL    CLASSIFICATION 

a — A  Motor  zvith  Load  Characteristic  is  one  in  which 
the  excitation  of  the  torque  field  winding  is  essentially 
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proportional  to  the  load  current.  This  means  that,  as 
a  rule,  the  motor  will  have  a  tendency  to  run  away  at 
no-load  and  that  the  speed  curve  will  be  concave  up- 
wards.    (Figs.  6  to  31,  33,  34,  35.  38,  40  and  42). 

b — A  Motor  with  Limited  Speed  Characteristic  is 
one  in  which  the  excitation  of  the  torque  field  has,  even 
at  no  load,  a  definite  value  in  phase  with  the  armature 
no-load  current  so  that  the  motor  speed  at  no-load  is 
definitely  limited.     (Figs.  32,  36,  37,  39,  41,  43  and  44). 

It  is  evident  that  the  words  load  characteristic  corresponds 
to  what  has  frequently  been  called  series  characteristic  in  the 
past,  while  the  words  limited  speed  characteristic  corresponds 
to  what  has  frequently  been  called  shunt  and  compound  charac- 
teristic. The  above  suggested  definitions  are,  however,  of  ad- 
vantage in  so  far  as  they  broadly  cover  all  motors,  including  all 
combinations  possible  with  alternating-current  commutator 
motors. 

c — A  Motor  with  Constant  Speed  Characteristic**  is 
one  in  which  the  speed  is  either  constant  or  does  not  ma- 
terially vary  between\io-load  and  the  rated  load.  (Figs. 
3^.  36,  37.  39,  41,  43  and  44). 

It  may  be  advisable  to  definitely  limit  the  speed  variation 
between  the  two  loads  to  about  10  to  20  percent  in  combination 
with  this  term. 

d — A  Motor  ivith  Compound  Characteristic  is  one 
the  speed  of  which  is  definitely  limited  at  no-load,  but 
varies  materially  with  the  load. 

C — ALTERNATIVE    CLASSIFICATION 

Instead  of  classifying  motors  with  regard  to  the 
character  of  the  speed  curve,  alternating-current  motors 
may  also  be  classified  with  regard  to  the  relation  of  their 
speed  to  the  frequency  and  number  of  poles.  We  may 
classify  as  follows  : — 

e — A  Synchronous  Motor  is  one  in  which  there  is 
for  all  normal  loads  a  constant  positively  fixed  relation 
between  the  motor  speed,  the  frequency  of  the  power 
supply  and  the  number  of  poles  in  the  motor. 

f — A  Non-Synchronous  or  Asynchronous  Motor  is 
one  in  which  the  relation  between  the  motor  speed,  the 
frequency  of  the  power  supply  and  the  number  of  poles 
in  the  motor  is  not  positively  maintained  constant  for 
normal  loads. 

g — A  Relative  Synchronous  Motor  is  one  in  which 
currents  of  two  usually  different  frequencies  are  sup- 
plied to  the  two  members  of  the  motor  and  in  which 
there  is  for  all  normal  loads  a  positively  fixed  relation 
between  the  motor  speed,  the  difference  or  sum  of  the 
two  frequencies  and  the  number  of  poles  in  the  motor. 

Motors  of  the  latter  class  are  usually  induction  motors  con- 
nected with  their  secondary  to  a  regulating  machine  which  sup- 
plies lower  frequency  (Fig.  44). 

9— CLASSIFICATION    REGARDING   THE   COMMU- 
TATING  FIELD  OF  A  MOTOR 

A — FUNDAMENTAL    CLASSIFICATION 

a — A  Commutating  field  Motor  is  one  which  has  a 
field  for  the  purpose  of  improving  the  commutation 
( Figs.  8,  9,  10,  12,  13,  14,  34,  35,  37  to  40,  41  and  others  ) . 

b — A  Non-Commutating  Field  Motor  is  one  which 
has  no  field  for  the  purpose  of  improving  the  commuta- 
tion. 

B — SCBCLASSIFICATION 

c — A  Motor  zvith  Commutating  Field  Extending 
Over  the  Entire  Pole  Area  is  usually  a  motor  with  a 


distributed  commutating  field  winding,  distributed  over 
the  entire  pole  area  (Figs.  8,  9,  10,  12,  13,  14,  37  to  41). 

d — A  Motor  with  Local  Commutating  Field  is  usu- 
ally a  motor  with  a  commutating  field  extending  over  the 
commutating  zone  only  (the  field  winding  may  be  in 
this  case  concentrated  or  partly  distributed — Figs.  34 
and  35). 

e — A  Motor  with  Commutating  Poles  is  usually  a 
motor  with  a  local  concentrated  commutating  pole 
winding. 

C ALTERNATIVE    CLASSIFICATION 

Instead  of  classifying  the  motors  with  regard  to  the 
extent  and  nature  of  the  commutating  field,  it  is  pos- 
sible to  classify  with  regard  to  the  connection  of  the 
commutating  field  winding.  The  commutating  field 
winding  may  be  series  connected  or  shunt  connected  to 
some  motor  winding  carrying  working  energy.  Outside 
of  this  a  great  many  combination  connections  may  be 
used,  especially  in  connection  with  alternating-current 
commutator  motors.  As  a  rule,  it  will  not  be  possible 
to  give  the  connection  of  the  interpole  in  a  brief  term 
and  it  is,  therefore,  general  practice  to  briefly  describe 
the  connection  of  the  interpole  winding. 

At  times  motors  with  commutating  fields  have  been 
called  compensated  motors.  The  term  compensated 
motor  is,  however,  rather  undesirable,  as  it  may  refer  to 
a  number  of  different  things  which  may  be  compensated 
for.  It  is,  therefore,  desirable  to  always  use  it  only  in 
connection  with  other  terms,  as,  for  instance : — 

f — A  Motor  Compensated  for  Commutation  is  one 
in  which  means  other  than  a  pure  neutralizing  winding 
are  provided  for  improving  the  commutation. 

10— CLASSIFICATION  REGARDING  POWER- 
FACTOR  COMPENSATION 

A — FUNDAMENTAL    CLASSIFICATION 

a — A  Poiver-Factor  Compensated  Motor  is  one  in 
which  means  other  than  a  neutralizing  winding  are  used 
for  improving  the  power-factor  of  an  alternating-cur- 
rent motor. 

b — A  Motor  not  Compensated  for  Power-Factor  is 
one  in  which  no  means  other  than  a  neutralizing  winding 
are  used  for  improving  the  power-factor  of  an  alter- 
nating-current motor. 

Self-excited  commutator  motors  and  separately  excited 
commutator  and  induction  motors,  as  well  as  synchronous 
motors,  can  usually  be  power-factor  compensated  (Figs.  36 
to44)- 

B— SUBCLASSIFICATION 

c- — A  Power-Factor  Under-Compensated  Motor  is 
one  in  which  means  are  used  for  improving  the  power- 
factor,  but  in  which  a  lagging  power-factor  below  unity 
is  obtained. 

d — A  Power-Factor  Fully-Compensated  Motor  is 
one  in  which  means  are  used  for  improving  the  power- 
factor  so  as  to  give  a  power-factor  of  practically  unity. 

e — A  Power-Factor  Over-Compensated  Motor  is  one 
in  which  means  are  used  for  improving  the  power-factor 
to  such  an  extent  as  to  obtain  a  leading  power-factor 
below  unity. 
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C ALTERNATIVE   TERJIS 

In  place  of  the  words  power-factor  compensated  motor  the 
term  power-factor  advanced  motor  is  used  at  times ;  the  same 
definition  may  be  appHed  to  this  term. 

II— CLASSIFICATION   REFERRING  TO   ESSENTIAL 
STRUCTURAL  FEATURES  OF  A  MOTOR 

Among  practical  men  and  even  those  fully  familiar 
with  the  working  characteristics  of  electric  motors,  it  is 
quite  customary  and  often  very  convenient  to  designate 
motors  with  names  referring  to  essential  structural  fea- 
tures. Thus  the  words,  "Commutator  Motor,"  "Slip- 
Ring  Motor,"  "Squirrel-Cage  Motor,"  as  referring  to 
motors  having  a  commtitator,  slip  rings  or  a  squirrel 
cage,  respectively,  are  used  very  commonlv  and  are  in  a 
good  many  cases  quite  sufficient.  The  definitions  of 
these  terms  are,  of  course,  self-evident. 

APPENDIX 

The  following  motor  types  have  not  been  so  com- 
monly used  in  this  country  as  to  be  familiar  to  every- 
body. The  titles  are  in  line  with  the  definitions  of  this 
article.  The  terms  given  in  large  type  are  all  that  would 
be  needed  as  a  rule ;  the  terms  given  below,  while  apply- 
ing to  the  motors,  are  usually  found  in  motors  desig- 
nated by  the  main  title  given  and  need,  therefore,  not  be 
mentioned  unless  it  is  desirable  to  call  special  attention 
to  a  certain  feature.  It  will  be  seen  that  the  main  title 
is  in  most  cases  reasonably  short  and  indicative  of  all 
essential  features  of  the  motor.  It  requires,  of  course, 
some  familiarity  with  the  working  principles  of  the 
motors  to  recognize  the  full  meaning  of  a  few  terms,  but 
it  would  surely  be  expecting  too  much  to  expect  a  brief 
nomenclature  to  indicate  the  full  working  theory  of  a 
motor  to  one  not  familiar  with  the  particttlar  field. 


FIG.  34 — SERIES  STATOR  EXCITED  CONDUCTION  MOTOR,  WITH  LOCAL 
SERIES  COMMUTATING  WINDING  CONNECTED  IN  PARALLEL  TO 
A  RESISTANCE  AND   WITH    CONDUCTIVE   NEUTRALIZING   WINDINl'. 

This  means  that  the  motor  is  at  the  same  time :  an  arma- 
ture, commutator  and  rotor  fed  motor,  line  frequency  excited, 
line  excited,  load  speed  characteristic,  non-synchronous,  com- 
mutating  field  and  commutator  motor. 


FIG.   35 — SERIES   STATOR   EXCITED  CONDUCTION    MOTOR,   WITH    SHUNT 
CONNECTED   LOCAL   COMMUTATING    WINDING    AND   CON- 
DUCTIVE   NEUTRALIZING    WINDING 

This  name  means,  as  a  rule,  that  the  motor  is  at  the  same 
time :  an  armature,  commutator  and  rotor  fed  motor,  line  fre- 
quency excited,  line  excited,  load  speed  characteristic,  non- 
synchronous,  commutating  field  and  commutator  motor. 
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FIG.    36 — SERIES    FED    PHASE    CONVERTER    EXCITED    MOTOR    OR    PHASE 
CONVERTER  EXCITED  CONDUCTION    MOTOR 

This  name  means,  as  a  rule,  that  the  motor  is  at  the  same 
time :  a  single-phase,  armature  and  rotor  fed,  stator  excited,  line 
frequency  excited,  separately  excited,  limited  speed  character- 
istic, non-synchronous,  non-commutating  field,  conductively 
neutralized,  commutator  motor. 


FIG.    i7 — SINGLE-PHASE    TRANSFORMER    MOTOR    (nO-LOAD    SELF- 

EXCITED)    OR   CROSS    FIELD    FED    MOTOR    ( NO-LOAD 

COMMUT.\TOR  EXCITED) 

Either  of  these  names  mean,  as  a  rule,  that  the  motor  is  at 
the  same  time:  a  single-phase,  stator  fed,  armature  and. com- 
mutator excited,  line  frequency  excited,  limited  speed  charac- 
teristic, non-synchronous,  commutating  field,  power-factor  com- 
l)cnsatcd,  self-excited  and  commutator  motor. 


FIG.   38 — SINGLE-PHASE   TRANSFORMER    MOTOR    (LOAD   SELF-EXCITEd) 
OR  CROSS  FIELD  FED  MOTOR   (LOAD  COMMUTATOR  EXCITED) 

Either  of  these  names  mean,  as  a  rule,  that  the  motor  is  at 
the  same  time :  a  single-phase,  stator  fed,  armature  and  com- 
mutator excited,  line  frequency  excited,  load  speed  character- 
istic, non-synchronous,  commutating  field,  power-factor  com- 
pensated, self-excited  and  commutator  motor.  All  brushes  serve 
in  this  case  as  working  and  exciting  brushes  as  well ;  the  excit- 
ing current  riows  from  brushes  a  to  c  and  from  b  to  d;  the 
working  current  from  a  to  h  and  from  c  to  rf. 


FIG.  39— DOUBLY  FED,  SINGLE-PHASE,  COMMUTATOR  MOTOR   (  N0-LO.\D 
SELF-EXCITED) 

This  name  means,  as  a  rule,  that  the  motor  is  at  the  same 
time:  an  armature  and  commutator  excited,  line  frequency  ex- 
cited, limited  speed  characteristic,  non-synchronous,  commu- 
tating field,  and  power-factor  compensated  motor. 


FIG.   40 — DOUBLE   FED,   SINGLE-PHASE,   COMMUTATOR    MOTOR    (LOAD 
SELF-EXCITED  ) 

This  name  means,  as  a  rule,  that  the  motor  is  at  the  same 
time :  an  armature  and  commutator  excited,  line  frequency  ex- 
cited, load  speed  characteristic,  resultant  excited,  non-synchron- 
ous, commutating  field  and  power-factor  compensated  motor. 
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FIG.    41 — SINGLE-PHASE,    DOUBLY    SELF-EXCITED,    TRANSFORMER 

MOTOR  (no-load  EXCITED)   OR  CROSS-FIELD  FED,  DOUBLY 

SELF-EXCITED    MOTOR    (nO-LOAD   EXCITED ) 

Either  of  these  names  mean,  as  a  rule,  that  the  motor  is  at 
the  same  time :  a  single-phase,  stator  fed,  line  frequency  ex- 
cited, limited  speed  characteristic,  non-synchronous,  commu- 
tating  field,  power-factor  compensated,  self-excited  and  com- 
mutator motor. 


FIG.    43 — POWER-FACTOR    COMPENS.WED    INDUCTIOX    MOTOR    OR 
SECONDARY   EXCITED    INDUCTION    MOTOR 

Either  of  these  names  mean,  as  a  rule,  that  the  motor  is  at 
the  same  time:  a  polyphase  (it  is  customary  to  state  single- 
phase  induction  motor  when  the  motor  is  single-phase),  stator 
fed  (rotor  fed  induction  motors  are  so  rare  that  it  is  usually 
stated  when  the  motor  is  rotor  fed),  secondary  excited,  low 
frequency  excited,  limited  speed  characteristic,  non-synchron- 
ous, power-factor  compensated,  separately  excited,  and  slip-ring 
motor. 


FIG.  42 — POLYPHASE    (THREE-PHASE)    DOUBLY  FED   SERIES 
(excited)    MOTOR 

This  name  means  that  the  motor  is  at  the  same  time : 
differentially  doubly  fed  at  under-synchronous  speed,  stator  fed 
near  synchronous  speed  and  additionally  doubly  fed  at  over- 
synchronous  speed,  doubly  excited,  resultant  line  and  sell- 
excited,  line  frequency  excited,  load  speed  characteristic,  non- 
synchronous,  power-factor  compensated  and  commutator  motor. 
Tiic  l)vii;hcs  are  working  brushes  and  exciting  brushes. 


FIG.  44 — RELATIVELY   SYNCHRONOUS  INDUCTION    MOTOR    (SECONDARY 

FREQUENCY    CONVERTER    EXCITED)     OR    INDUCTION    MOTOR 

WITH    AUXILIARY    REGULATING    MACHINE 

Either  of  these  names  usually  means  that  the  motor  is  at 
the  same  time :  a  polyphase,  stator  fed,  secondary  excited,  low 
frequency  excited,  limited  speed  characteristic,  power-factor 
compensated,  separately  excited,  slip-ring  motor  and  adjustable 
speed  motor.** 


Adapting  Direct-Current  Motors  to 
Changed  Conditions 


H.  L,  Smith 

Industrial  Engineering  Dept.. 

Westinghouse  Electric  &  Mfg.  Company 


IT  IS  frequently  desirable  to  change  a  direct-current 
motor  so  that  it  may  be  operated  under  different  con- 
ditions, for  instance,  at  a  speed  other  than  the  rated 
one,  at  a  different  voltage,  or  with  changes  in  its  char- 
acteristics, such  as  regulation,  etc.  The  problem  of 
operating  a  motor  as  a  generator  also  presents  itself. 
Many  of  these  changes  may  be  made  in  the  field  with 
very  little  trouble  and  expense.  The  general  theory  en- 
countered in  considering  the  usual  changes  is  relatively 
simple. 

First  consider  some  fundamental  principles  in  the 
operation  of  a  direct-current  generator.  The  field  poles 
supply  a  stationary  magnetic  field,  which  is  cut  by  the 
conductors  on  the  revolving  armature,  and  causes  an 
e.m.f.  to  be  generated  in  them,  which  is  directly  propor- 
tional to  the  magnetic  flux  and  the  rate  of  cutting.  This 
e.m.f.  causes  a  current  to  flow  through  the  armature  and 
the  external  circuit.  Whenever  a  current  flows  through 
a  conductor  in  a  magnetic  field,  a  force  is  exerted  tend- 
ing to  move  it  to  one  side  or  the  other,  depending  upon 
the  direction  in  which  the  current  is  flowing,  relative  to 
the  flux.  This  force  is  directly  proportional  to  the  flux 
and  the  current  flowing.  When  conductors  in  the  slots 
of  an  armature  are  acted  upon  by  such  a  force,  a  turn- 
ing moment  or  torque  is  produced.     In  a  generator  the 


current  flows  in  the  same  direction  as  the  e.m.f.  gener- 
ated by  the  armature.  Due  to  this  direction  of  flow,  a 
torque  is  produced  which  opposes  rotation ;  thus  exter- 
nal power  is  required  to  drive  the  armature  and  over- 
come this  force.  Since  the  current  flows  in  the  same 
direction  as  the  generator  e.m.f.,  the  internal  resistance 
drop  opposes  the  flow,  thus  the  terminal  e.m.f.  is  equal 
to  the  generated  e.m.f.  minus  the  resistance  drop.  In 
the  case  of  a  motor  the  line  e.m.f.  drives  the  current 
through  the  armature,  and  thus  a  torque  is  produced 
which  causes  rotation.  As  soon  as  the  armature  rotates, 
an  e.m.f.  is  generated  in  the  same  way  as  that  produced 
in  a  generator.  In  this  case  the  e.m.f.  opposes  the  flow 
of  current.  Stability  is  reached  when  the  difference  be- 
tween the  generated  voltage  or  counter  e.m.f.  and  the 
applied  e.m.f.  is  just  sufficient  to  allow  a  current  which 
will  produce  the  required  torque  to  flow  through  the 
internal  resistance.  In  other  words,  internal  resistance 
ilrop  plus  the  counter  e.m.f.  always  equals  the  applied 
e.m.f.  The  following  equations  show  the  above  very 
clearly : — 

Wi  p-P  Rm 
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In  a  generator,  E 
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In  a  motor,  Ru 
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Where     E  =  Terminal  e.m.f. 

/  :=  Armature  current. 
i?i  =  Resistance  of  armature,  commutating   and 

series  coils. 
Wb  =  Series  conductors  on  the  armature. 
P  =  Number  of  poles. 

0  =  Magnetic   flux   issuing    from    one    pole,    in 

kilo-lines  per  sq.  in. 

ifm  =  R.p.m. 

The  function  of  the  field  coils,  both  the  shunt  and 

series,  is  to  supply  the  magnetizing  force  necessary  to 

produce  the  required  flux.     This  magnetizing  force  is 

directly  proportional  to  the  combined  ampere-turns  of 

the  exciting  coils,  which  are  determined  by  the  current 

flowing  in  one  turn,  multiplied  by  the  number  of  turns 

in  the  coil.     (The  result  is  the  same  whether  it  be  a 

small  current   and   a   large  number  of   turns,   or   vice 

versa).    The  magnetizing  force  is  made  up  of  two  parts, 

by  far  the  larger  being  that  required  to  drive  the  flux 

across  the  air-gap.    This  part  varies  directly  as  the  flux 

and  the  equivalent  air-gap  length  :  being  a  direct  func- 
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FIG.    I — TVPIC.\I,    MAGNETIZATION    CURVES 

tion,  it  is  plotted  as  a  straight  line,  as  shown  for  two 
different  lengths  of  air-gap  in  Fig.  i.  The  magnetizing 
force  for  the  iron  part  of  the  circuit  follows  no  direct 
law,  but  depends  on  the  tnagnetic  density  and  material. 
It  is  represented  in  Fig.  i  as  added  to  the  air-gap  line, 
giving  the  solid  curved  line,  or  the  no-load  saturation 
curve.  When  operating  under  load,  the  armature  teeth 
and  pole  tips  become  more  or  less  saturated,  due  to  arm- 
ature reaction,  and  the  flux  is  slightly  reduced.  To  get  a 
general  idea  of  the  eft'ect  of  changing  the  air-gap  on  the 
flux  and  excitation  consider  the  relation  expressed  in 
Fig.  I.  With  a  one-fourth  inch  air-gap  a  magnetizing 
force  of  oa  atnpere  turns  will  be  required  to  produce 
the  flux  01,  while  with  a  one-eighth  inch  gap,  only  oh 
ampere  turns  will  be  needed  to  produce  the  same  flux. 
Again,  keeping  the  excitation  constant  and  equal  to  oa 
ampere  turns,  a  one-eighth  inch  air-gap  will  give  a  flux 
equal  to  <>2. 

It  is  obvious  that  for  a  given  motor  operating  at  any 
given  load,  equation  (^')  reduces  to  :— 


"L  W.p  J^  *    "   * 

By  this  equation  the  flux  for  any  given  field  excita- 
tion can  be  reduced  to  speed,  and  plotted  as  such  against 
field  ampere  turns.  This  gives  the  curves  in  Fig.  2, 
which  are  better  adapted  for  showing  the  relations  of 
speed  and  regulation.  These  curves  may  readily  be 
taken  by  test,  and  are  known  as  the  shunt  regulation 
curves.  From  the  equation  one  would  naturally  expect 
the  full-load  curve  to  fall  below  the  no-load.  It  may  or 
may  not,  depending  upon  the  relation  between  the  re- 
sistance droj)  in  the  motor  and  the  reduction  in  the  flux 
due  to  armature  reaction.  Usually  the  full-load  curve  is 
the  higher,  as  in  Fig.  2,  except  in  high  voltage,  or  small 
size  machines,  where  it  may  coincide  or  fall  lower. 

By  inspection  of  Fig.  2  it  will  be  obvious  that  the 
speed  can  be  changed  by  varying  the  field  excitation,  or 
by  changing  the  air-gap  length,  or  both.  In  practice  the 
liclil  excitation  may  be  reduced  by  adding  resistance  in 
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FIG.    2 — TVPICAI.    SHUNT   REGULATION    CURVES 

the  shunt  field  circuit,  but  can  only  be  increased  by 
using  new  shunt  coils,  or  by  increasing  the  e.m.f.  im- 
pressed upon  them.  In  most  modern  machines,  which 
are  built  with  the  poles  bolted  to  the  frame,  a  consider- 
able adjustment  in  the  air-gap  is  possible.  The  poles  are 
made  short  enough,  so  that  by  inserting  sheet  steel  liners 
next  to  the  frame,  different  air-gap  lengths  can  be  ob- 
tained in  small  steps  over  a  considerable  range.  Accord- 
ing to  Fig.  2,  one  might  think  that  the  speed  could  be 
increased  to  the  desired  point  by  shunt  resistance  alone. 
The  desired  speed  certainly  could  be  obtained,  but  speed 
regulation  would  probably  be  bad,  the  machine  more  or 
less  unstable,  and  the  hot  and  cold  speeds  would  vary 
greatly.  It  is  true  that  certain  adjustable  speed  motors 
will  operate  satisfactorily  over  wide  ranges  of  speed. 
As  high  as  4  :  I  speed  ratios  are  commonly  obtained  by 
shunt  field  control,  but  in  the  design  of  these  motors  spe- 
cial attention  is  given  to  the  regulation  at  high  speeds. 
A  constant  speed  motor  having  practically  a  flat  speed 
curve  at  its  rated  speed  may  have  a  decidedly   rising 
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characteristic  on  weak  field,  thus  it  is  hardly  safe  to 
depend  on  this  method. 

It  is  not  always  possible  to  distinguish  a  compound 
from  a  shunt  motor  by  its  series  coils,  for  it  is  the  prac- 
tice of  some  manufacturers  to  supply  series  coils  on  the 
shunt  machines  also,  except  in  the  case  of  small  sizes 
and  high-voltage  machines.    The  function  of  the  series 
coil  on  a  shunt  motor  is  to  insure  stability  and  give  a 
more  nearly  flat  speed  curve.     In  Fig.  2  oa  represents 
the  ampere  turns  supplied  by  the  shunt  coil.    At  no-load 
the  speed  will  be  x.     If  there  is  no  series  coil,  the  full- 
load  speed  will  be  equal  to  z.     Plotting  these  values  as 
speed  curves,  as  in  Fig.  3,  it  is  found  that  the  speed 
actually  rises  with  the  load.    This  is  objectionable,  and 
tends  to  produce  an  unstable  condition.    Now  if  a  series 
coil  be  added  which  will  supply  ab  ampere  turns  there 
is  a  total  of  ob  ampere  turns  acting  on  the  pole,  which 
will  give  a  speed  at  full-load  equal  to  y,  which  is  also 
equal  to  .r ;  thus  we  have  a  flat  speed  curve  .rv  in  Fig.  3, 
which  is  desirable  for  a  shunt  motor.    By  using  a  series 
coil  which  will  supply  ac-ampere  turns,  a  full-load  speed 
equal  to  v  is  obtained.    This  gives  a  drooping  character- 
istic, xv  in  Fig.  2,  such  as  is  desirable  in  a  compound 
motor. 

OPERATION    AT    VARIOUS    SPEEDS 

The  explanation  given  above  should  be  sufficient  to 
enable  one  readily  to  know  in  which  direction  to  change 
an  air-gap.     The  points  next  to  be  considered  are  the 
range  over  which  the  speed  may  be  changed,  and  the  best 
way  to  go  about  its  accomplishment.     No  definite  rule 
can  be  given  for  determining  the  change  in  an  air-gap 
necessary  to  give  the  required  speed.    It  may  be  roughly 
stated  that  the  percent  change  in  the  air-gap  should  be 
from  three  to  four  times  the  percent  change  in  speed. 
This  should  be  considered  as  only  approximate,  for  ac- 
curate results  can  be  calculated  only  with  a  full  knowl- 
edge of  the  saturation  curves.     However,  in  most  cases 
sufficiently  accurate  results  can  be  obtained,  unless  the 
machine  in  question  is  worked  high  up  on  the  saturation 
curve,  where  the  iron  is  practically  saturated,  or  very  low 
on  the  curve,  where  the  excitation  is  nearly  all  used  in 
the  air-gap.     It  is  usually  possible  to  change  a  speed 
from  10  to  15  percent  by  manipulation  of  the  air-gap 
alone  where  the  iron  is  not  highly  saturated.    Of  course, 
there  are  exceptions.     In  some  cases  no  change  at  all  is 
possible   in    the    desired    direction;    in    others   a    much 
greater  change  than  stated  can  be  obtained,  all  depend- 
mg  upon  the  length  of  air-gap  in  the  machine.    When  a 
higher  speed  than  can  be  obtained  by  increasing  the  gap 
alone  is  desired,  it  may  be  permissible  to  add  such  a  re- 
sistance to  the  shunt  circuit  as  will  give  the  right  speed. 
In  this  case  the  regulation  should  be  checked  carefully 
and  possibly  adjusted  as  explained  below. 
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characteristics,  varying  from  the  standard  20  percent 
regulation,  to  the  heavily  compounded  bending  roll 
motors,  which  have  only  enough  shunt  ampere  turns  to 
keep  them  from  running  away  at  no  load. 

Referring  again  to  Fig.  2,  it  is  obvious  that  if  there 
are  oa  ampere  turns  at  no-load,  and  ob  ampere  turns 
at  full-load  and  a  one-eighth  inch  air-gap,  the  speed 
curve  will  be  flat,  as  .rv  in  Fig.  3.  Changing  the  air-gap 
to  one-fourth  inch  gives  a  no-load  speed  equal  to  u.  By 
adding  series  turns  until  the  full-load  ampere  turns 
equal  od,  a  speed  w  will  be  obtained,  which  is  the  same 
as  that  obtained  at  full-load  with  the  smaller  gap.  This 
condition  gives  speed  curve  ny  in  Fig.  3.  which  is  a  com- 
pound  characteristic. 

From  the  above  it  is  obvious  that  to  obtain  a  com- 
pound characteristic  from  a  shunt  motor  the  air-gap 
should  be  increased,  then  series  turns  added  until  the 
full-load  speed  is  the  same  as  it  was  before.  Flexible 
copper  cable  wound  over  the  shunt  coil,  and  tied  in  place, 
makes  a  very  good  series  coil.  It  is  easily  wound,  and 
requires  no  extra  insulation.  The  copper  section  should 
be  about  the  same  as  that  of  the  old  coils,  so  as  to  insure 
no  overheating.    When  changing  from  a  compound  to  a 
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shunt  characteristic  a  smaller  gap  should  be  used,  and 
then  current  shunted  out  of  the  series  coil  until  flat 
speed  curves  are  obtained. 

Considerable  variations  in  speed  curves  can  be  ob- 
tained in  this  way,  but  again  the  saturation  of  the  ma- 
chine in  question  plays  an  important  part  in  the  range 
which  is  possible. 

OPERATION  AT  OTHER  VOLTAGES 


ADJUSTMENT  OF  REGULATION 

For  certain  classes  of  work,  such  as  a  line  shaft, 
practically  constant  speed  is  required  from  no-load  to 
full-load.  A  shunt  motor  should  be  used  to  drive  this 
type   of   load.      Other  classes   require   drooping    speed 


Usually  a  motor  is  guaranteed  to  operate  successfully 
on  voltages  ten  percent  over  that  for  which  it  is  rated. 
It  has  been  shown  that  the  speed  varies  directly  as 
the  impressed  voltage  and  inversely  as  the  flux;  but 
the  flux  also  changes  with  the  voltage,  although  it  is  not 
a  direct  relation.  The  shunt  ampere  turns  do  vary  di- 
rectly with  the  voltage,  but  the  flux  does  not  follow  the 
excitation  on  account  of  the  saturation  in  the  iron.  It  is 
obvious  that  if  the  flux  should  follow  a  direct  relation, 
as  in  the  case  when  operating  on  a  weak  field,  where 
practically  all  the  magnetizing  force  is  required  for  the 
air-gap  (see  air-gap  line  in  Fig.  i),  the  speed  should 
remain  practically  constant  over  a  considerable  range. 
However,  motors  are  usually  operated  well  up  on  the 
curve  for  reasons  of  stability  and  economy,  so  this  direct 
relation  of  exciting  voltage  to  flux  does  not  hold.  In 
most  cases  the  flux  lags  considerably,  thus  the  speed  will 
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follow  the  applied  voltage  more  or  less.  \\'hen  the  volt- 
age is  not  to  exceed  20  to  25  percent  over  or  under  the 
rated  value,  it  is  usually  possible  to  change  the  air-gap 
and  obtain  the  correct  speed.  Great  care  should  be  ex- 
ercised when  operating  at  a  considerable  over-voltage 
to  note  the  temperature  of  the  shunt  coil.  This  tem- 
perature will  vary  approximately  as  the  square  of  the 
voltage,  so  it  may  not  be  possible  to  operate  on  full  volt- 
age without  prohibitive  heating.  By  making  a  full-load 
heat  run  one  can  determine  the  amount  of  resistance 
necessary  to  keep  the  temperature  down  to  safe  point. 
It  is  usually  conceded  that  a  coil  will  operate  continu- 
ously with  a  50  degree  C.  temperature  rise  without  dan- 
ger to  the  insulation.  Taking  this  as  an  upper  limit, 
most  coils  will  be  good  for  a  considerable  voltage  in- 
crease, although  much  depends  upon  the  liberality  in  the 
design  of  the  coil  in  the  first  place.  When  a  machine  has 
the  minimum  air-gap,  and  the  shunt  coils  are  worked 
up  to  the  maximum  allowable  temperature,  nothing  can 
be  done  to  reduce  the  speed  except  to  use  new  coils.  In 
case  of  operating  at  a  voltage  lower  than  the  rated,  the 
maximum  air-gap  should  be  used  and  shunt  field  resist- 
ance inserted  until  the  rated  speed  is  obtained.  In  either 
case  it  may  be  necessary  to  adjust  the  series  coil  to 
obtain  good  regulation. 

There  are  three  common  voltages  used  on  direct- 
current  circuits — 115,  230  and  550  volts.  The  question 
may  arise  how  to  change  a  motor  built  for  one  voltage 
so  as  to  operate  on  either  one  of  the  others.  A  230  volt 
motor  may  have  its  shunt  coils  connected  in  two  groups 
and  paralleled,  then  connected  across  a  115  volt  circuit. 
In  this  case  the  voltage  per  coil  has  not  been  changed, 
thus  the  flux  will  remain  constant,  but  the  speed  will 
only  be  half  what  it  was  before.  This  can  be  brought 
up  to  the  normal  again  by  using  the  maximum  air-gaj) 
and  reducing  the  shunt  field  by  resistance.  When  oper- 
ating a  115  volt  motor  on  a  230  volt  circuit  the  mini- 
mum gap  should  be  used  and  the  shunt  coil  worked  at 
the  maximum  temperature.  This  probably  will  not 
bring  the  speed  down  to  the  rated  one.  but  it  is  the  best 
that  can  be  done  without  new  coils.  The  same  pro- 
cedure follows  when  changing  from  one  circuit  to  an- 
other. When  going  to  a  higher  voltage  use  the  minimum 
air-gap  and  shunt  field  resistance,  but  working  the  coils 
as  hard  as  possible.  When  going  to  a  lower  voltage  use 
the  maximum  gap  and  parallel  the  coils. 

Armature  Conditions — So  far  no  change  to  the  arma- 
ture has  been  contemplated.  It  is  evident  that  the  cur- 
rent in  the  armature  conductors  should  be  left  the  same 
regardless  of  impressed  voltage,  so  as  to  insure  safe 
temperatures.  An  exception  to  this  is  at  low  speed 
where  the  ventilation  is  poorer,  when  the  current  may 
have  to  be  slightly  reduced.  Since  the  horse-power  out- 
put varies  as  the  voltage,  current  and  efficiency,  it  fol- 
lows that  for  the  same  armature  current  the  output  will 
vary  as  the  impressed  voltage.  This  means  that  if  a 
115  volt  motor  be  operated  on  a  230  volt  circuit  the 
horse-power  will  be  doubled,  aUhough  the  speed  has 
been  kept  nearly  the  same.  The  reverse  is  also  true  of 
a  230  volt  motor  on  a  115  volt  circuit. 


SPEED  REDUCTION   BY  ME.\NS  OF  RESISTANCE  IN   THE 
ARMATURE    CIRCUIT 

Equation  {2)  shows  that  the  speed  still  depends  on 
three  terms: — (£  —  IRi),  Wa  and  p.  The  number  of 
poles  cannot  be  changed,  and  11 's  is  a  function  of  the 
armature  winding  and  not  very  readily  changed.  The 
line  voltage  is  also  a  constant.  From  the  equation  it  is 
obvious  that  by  increasing  R^  the  speed  at  any  load  will 
be  decreased,  but  that  the  no-load  speed  will  remain  the 
same.  Since  i?,  is  internal  resistance,  or  the  resistance 
of  the  armature,  commutating  and  series  coils,  it  cannot 
be  increased ;  but  an  external  resistance  /?,  can  be  con- 
nected in  series,  which  has  the  same  effect ;  thus  the  term 
becomes  £  —  /  (R^  -)-  R^).  Since  the  speed  varies 
as  £  —  IR  or  the  counter  e.ni.f.  the  ratio  can  be  ob- 
tained as  in  equation  (5), — 


j?mi 


E  —  IiRx 


(Rmi  —  Rm2)E  +  RiihRn 


-I.Rnn) 


0) 


.(7) 


whence  Ra 

I2  Rmi 

Where  jRmi  =  Present  full-load  speed. 
J?mj  =  Desired  full-load  speed. 
Ri  z=  Necessary  resistance  to  be  put  in  the  arma- 
ture circuit, 
/i  =  .\rniature  amperes  at  full  load. 
I,  =  .\rmature  amperes  at  desired  load. 
Equation   {4)  gives  an  expression  for  determining 
the  amount  of  external  resistance,  to  be  added  to  the 
armature   circuit    to    give    a    desired    speed    reduction. 
Besides  poor  regulation,  there  is  a  considerable  loss  in 
the  external  resistance,  which  lowers  the  efficiency.    In 
spite  of  these  drawbacks  it  is  often  profitable  to  use 
this  method  of  speed  reduction  where  the  load  is  prac- 
tically constant  and  the  low  speed  is  only  needed  at  inter- 
vals.    The  driving  of  blowers  and  centrifugal  pumps 
comes  under  this  head.     With  this  class  of  service  the 
power  required  decreases  so  fast  with  the  reduction  in 
speed  that  a  comparatively  small  resistance  is  needed. 
About  the  only  requirement  for  this  external  resistance 
is  to  be  able  to  radiate  the  heat  generated  without  ex- 
cessive temperatures. 

Using  external  armature  resistance  is  merely  a 
method  of  reducing  the  impressed  voltage  over  the  arm- 
ature, by  using  up  part  of  the  line  voltage  in  the  resist- 
ance. Thus  the  mechanical  horse-power  output  will  be 
reduced  in  proportion  to  the  reduction  in  armature  volt- 
age or  to  the  reduction  in  speed,  since  they  are  propor- 
tional. 

RECOXXECTING   THE   ARM.XTURE 

To  get  the  best  economy  of  material  and  the  most 
efficient  operation,  the  flux  should  be  kept  constant  and 
the  series  conductors  on  the  armature  changed,  so  as  to 
meet  the  various  requirements  [see  equation  {2)].  For 
example,  take  the  question  of  operating  a  115  volt 
motor  on  a  230  volt  circuit.  If  the  armature  conductors 
be  doubled  and  the  copper  section  made  half  that  used 
before,  the  speed  and  horse-power  output  will  remain 
the  same.  The  conductors  will  only  carry  half  as  much 
current  as  before,  but  the  impressed  voltage  is  doubled, 
so  the  watts  input  will  remain  constant. 


THE    ELECTRIC   JOURNAL 


i8i 


Although  changing  the  number  of  conductors  on  an 
armature  is  the  ideal  method,  it  is  also  the  most  difficult 
to  accomplish.  It  is  only  in  a  few  very  special  cases 
that  an  armature  can  be  reconnected.  Sometimes  it  is 
possible  to  obtain  new  coils  from  the  manufacturer,  but 
it  is  more  often  the  case  that  the  desired  number  of 
conductors  can  only  be  obtained  with  a  different  num- 
ber of  slots  and  commutator  bars.  With  the  use  of 
commutating  poles  another  complication  enters.*  For 
any  change  in  a  number  of  armature  conductors  there 
must  be  a  corresponding  change  in  the  commutating 
pole  coil.  This  usually  means  new  coils.  There  are  a 
number  of  other  considerations  that  also  enter,  such  as 
brush  density,  maximum  voltage  per  commutator  bar, 
etc.  For  instance,  to  maintain  the  same  brush  density 
in  changing  a  machine  from  230  to  115  volts,  twice  as 
many  brushes  must  be  used,  which  means  twice  as  long 
a  commutator;  whereas  changing  from  115  to  230  volts 
with  the  same  maximum  voltage  between  bars  requires 
twice  as  many  commutator  bars.t  It  is  best  to  refer  to 
the  manufacturer  when  any  change  to  the  armature  is 
contemplated. 

0PER.\TI0N  OF  THE  MOTOR  AS  A  GENERATOR 

It  is  usually  a  very  easy  matter  to  operate  a  gener- 
ator as  a  motor,  but  when  the  attempt  is  made  to  oper- 
ate a  motor  as  a  generator  trouble  is  encountered  in 
obtaining  the  required  voltage  at  full  load.  This  is  not 
a  fault  of  the  machine,  but  is  an  inherent  quality  in  the 
design.  In  the  case  of  a  generator  the  line  e.m.f.  is  equal 
to  the  e.m.f.  generated  by  the  armature  minus  the  resist- 
ance drop,  while  in  a  motor  the  line  e.m.f.  equals  the 
armature  e.m.f.  plus  the  resistance  drop.  According  to 
this,  one  would  expect  the  terminal  voltage  at  full  load, 
of  the  motor  operating  as  a  generator,  to  be  lower  than 
the  rated  motor  voltage  by  twice  the  resistance  drop, 
assuming  the  speed,  armature  current  and  flux  as  re- 
maining the  same.  The  flux  will  not  remain  constant  on 
account  of  the  reduction  of  the  voltage  over  the  shunt 
coil,  so  that  the  terminal  e.m.f.  will  fall  still  lower.  In 
order  to  raise  this  voltage  the  first  thing  to  do  is  to 
obtain  the  minimum  air-gap ;  the  speed  at  full  load 
should  then  be  noted  running  as  a  motor  with  the  series 
coils  cut  out.  The  following  equation  will  then  deter- 
mine the  speed  at  which  it  will  be  necessary  to  operate, 
so  as  to  obtain  the  desired  voltage  at  full  load,  running 
as  a  shunt  generator.  It  is  well  to  increase  this  speed 
slightly  so  as  to  have  some  latitude  for  overloads. 


■  is) 
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Where  Rmz  =  The  speed  when  operating  as  a  generator. 
i?mi  ^=  The  speed  when  operating  as  a  motor  with 
the  series  field  cut  out. 
H3  =  Terminal  vohage  at  full  load,  operating  as 

a  generator. 
Ex  =  Line  voltage  as  a  motor. 

/  ■=  Armature  current. 
i?i  ^  Internal  resistance. 


*See  "Theory  of  Commutation  and  Its  Application  to  Inter- 
pole  Machines."  by  Mr.  B.  G.  Lamme,  in  the  Proceedings  of  the 
A.I.E.E.  for  October,  1911. 


When  operating  as  a  compound  generator  the  series 
coils  should  be  adjusted  so  as  to  give  the  required  com- 
pounding. 

The  changes  as  just  considered  apply  to  cases  where 
the  generator  voltage  is  to  be  equal  to  or  higher  than 
the  voltage  as  a  motor.  For  instance,  a  115  volt  motor 
operating  as  a  125  volt  generator,  or  a  230  volt  motor  as 
a  250  volt  generator.  Equation  (5)  is  based  on  the 
assumption  that  the  shunt  excitation  remains  the  same. 
This  will  only  be  true  when  a  shunt  field  rheostat  is 
used.  Since  it  is  not  necessary  that  the  shunt  excitation 
be  increased  beyond  what  it  was  as  a  motor,  the  tem- 
peratures should  not  change.  When  it  is  wished  to  oper- 
ate a  230  volt  motor  as  a  125  volt  generator  it  is  usually 
sufficient  to  keep  the  same  speed  and  air-gap,  for  the 
flux  will  not  decrease  as  fast  as  the  shunt  excitation,  on 
account  of  saturation.  The  output  as  a  generator  will  be 
equal  to  the  ampere  rating  as  a  motor  multiplied  by  the 
voltage  rating  as  a  generator. 

It  may  thus  be  taken  as  a  general  rule  that  for  suc- 
cessful operation  of  a  motor  as  a  generator  the  speed 
must  be  increased.  In  certain  cases  this  may  not  be 
necessary,  for  the  decrease  in  the  air-gap  may  compen- 
sate for  the  difference.  This  should  be  no  verv  great 
drawback,  however,  for  with  belted  machines  the  speed 
can  be  easily  varied  by  use  of  different  pullev  ratios. 

MECHANICAL    LIMITATIONS 

When  increasing  the  speed  of  any  motor  or  gener- 
ator great  care  should  be  exercised  not  to  allow  the 
speed  to  exceed  the  limit  of  safe  operation.  It  is  not 
merely  a  question  of  the  band  wires  or  wedges  with- 
standing the  stresses  due  to  centrifugal  force,  but  also 
the  rigidity  of  the  coils.  The  insulation  is  more  or  less 
plastic,  and  when  under  stress  the  coils  will  shift 
slightly,  which  will  throw  the  armature  out  of  balance. 
An  armature  designed  for  high  speed  will  not  only  have 
heavier  banding,  but  the  coils  will  be  braced  by  coil  sup- 
ports. At  high  overspeeds  it  is  also  found  that  the  com- 
mutator bars  will  deflect  a  certain  amount.  This  dis- 
tortion will  reduce  the  brush  contact  and  cause  bad 
commutation.  Usually  the  factor  of  safety  is  so  large 
that  a  25  percent  increase  in  speed  will  be  perfectly  safe. 
Any  greater  increase  should  be  taken  up  with  the  manu- 
facturer. 

CONCLUSION 

From  the  foregoing  discussion  the  question  may 
arise :  —  Why  are  there  no  definite  statements  given 
which  will  govern  direct-current  machines  in  general? 
In  answer  to  this  it  should  be  said  that  the  character- 
istics of  this  type  of  machine  depend  largely  upon  the 
magnetic  qualities.  The  magnetic  defferences  due  to  the 
various  kinds  of  material,  shapes  of  slots,  poles,  etc.,  as 
furnished  by  the  different  manufacturers  make  it  im- 
possible to  lay  down  any  simple  relation  which  can  be 
applied  to  all  direct-current  machines. 


tSee  "Flashing  in  Direct-Current  Machines,"  by  Mr.  B.  G. 
Lamme,  in  the  Journ.\l  for  March,  1916,  p.  145. 
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A  NUMBER  of  influences  have  been  effective  dur- 
ing the  past  few  years  in  helping  to  bring  about 
improvements  in  factory  lighting.  Perhaps  the 
most  important  are  the  following : — ■ 

a — The  development  of  new  lamps  better  suited  than 
older  types  to  the  conditions  imposed  in  factory  lighting. 

b — The  interest  of  factory  owners  and  executives  in 
the  economic  returns  promoted  by  good  lighting. 

c — The  effect  of  public  opinion,  as  indicated  by  the 
technical  and  popular  press,  in  directing  attention  to  the 
importance  of  improved  factory  environment. 

d — The  effect  of  compensation  laws  in  stimulating 
efforts  to  improve  accident  prevention  methods. 

e — -Municipal  and  state  legislation  tending  to  place 
industrial  lighting  on  at  least  a  minimum  standard  basis. 

Although  the  attention  to  factory  lighting  on  the  part 
of  executives  and  managers,  as  v^xll  as  individual  engi- 
neers, has  been  quite  marked  recently,  there  is  much 
room  for  improvement  in  the  matter  of  standards  of 
illumination  intensity  for  various  factory  operations, 
and  in  many  quarters  there  is  still  great  ignorance  of  the 
most  elementary  features  of  illumination  and  their  rela- 
tion to  factory  production.  As  late  as  December,  1913, 
in  a  letter  to  the  writer,  Dr.  A.  Blondel,  a  member  of 
the  Academy  of  Sciences  of  Paris,  in  commenting  on  a 
contribution  to  Science  et  Art  de  I'Eclairage,  made  the 
following  statement : — 

"I  am  sure  that  the  readers  will  accept  the  article  with  very 
great  interest,  for  in  France  we  are  as  yet  verj'  little  advanced 
in  the  subject  on  which  you  have  written,  at  least  from  the 
standpoint  of  e.xact  rules.  Moreover,  the  propositionsf  you  de- 
velop on  the  subject  of  the  resulting  economy  of  good  lighting 
are  but  very  little  known  in  France." 

About  two  years  ago,  in  England,  a  departmental 
committee  on  lighting  in  factories  and  workshops  was 
appointed  by  Hon.  Reginald  McKenna,  Home  Secretary 
of  Parliament,  for  the  purpose  of  investigating  actual 
factory  lighting  conditions  in  Great  Britain,  on  a  basis  of 
which  recommendations  might  be  made  covering  indus- 
trial lighting.  The  first  report  of  this  committee  was 
made  public  in  the  fall  of  1915.  A  statement  found  in 
the  preliminaries  of  the  British  report  furnishes  an  ex- 
cellent idea  of  the  spirit  back  of  the  recommendations 
of  that  committee.     It  follows : — 


"On  the  other  hand,  it  must  be  admitted  tliat  many  em- 
ployers have  lagged  behind  in  the  general  advance.  This  ap- 
plies especially  to  old  factories,  designed  before  the  importance 
of  illumination  was  generally  recognized,  and  to  small  work- 
shops, of  which  the  occupiers  perhaps  hesitate  to  expend  the 
capital  necessary  for  improvement. 

"It  is  obvious  that  any  requirements  which  would  tend  to 
bring  such  places  up  to  the  level  of  the  more  progressive  firms 
would  be  beneficial,  not  only  to  the  operative  by  improving  his 
working  conditions,  but  also  to  the  employer  himself  by  in- 
creasing his  output.  Light  is  a  cheap  commodity,  and  little  or 
no  hardship  should  result  from  such  requirement,  if  gradually 
and  sympathetically  enforced." 

EFFORTS  OF  THE  ILLUMINATING  ENGINEERING  SOCIETV 

The  Illuminating  Engineering  Society  of  this  cottn- 
tryt  has  felt  for  some  time  a  growing  need  for  an 
authoritative  code  of  factory  lighting,  which  could  be 
used  by  factory  managers  for  improving  the  lighting 
conditions  in  their  own  plants  or  which,  to  equal  advan- 
tage, could  be  employed  as  a  basis  for  lighting  legisla- 
tion. For  a  number  of  years  the  society  has  had  a  com- 
mittee known  as  the  committee  on  lighting  legislation, 
which  has  done  considerable  work  ;  but  the  need  for  a 
working  guide  led  to  the  appointment  early  in  191 5  of  a 
new  committee,  known  as  the  committee  on  factory 
lighting,  which  was  assigned  the  work  of  drafting  out 
such  a  code  of  lighting.  Preliminary  to  the  work  of 
drafting  this  code  a  careful  study  was  made  of  existing 
lighting  legislation.  Among  the  most  important  efforts 
in  this  line  thus  far  have  been  the  shop  lighting  orders  of 
the  state  of  Wisconsin  and  the  legal  enactments  of  New 
York  state.  Digests  of  all  legislation  related  in  any  way 
to  lamps  or  lighting  were  obtained  from  a  number  of 
states,  all  of  which  pointed  conclusively  to  the  fact  that 
nothing  of  any  practical  value  is  to  be  found  in  a  ma- 
jority of  the  state  laws  in  this  country  concerning  the 
regulation  of  industrial  lighting. 

ATTITUDE  OF  THOSE  RESPONSIBLE  FOR  THE  CODE 

In  preparing  this  working  guide  great  care  was  exer- 
cised to  make  clear  to  factory  owners  the  real  under- 
lying advantages  of  good  lighting,  which  are  not  based 
on  legislation,  but  which  should  appeal  to  any  pro- 
gressive factory  operator  from  the  standpoint  of  ef- 
ficient production  methods.  Perhaps  no  better  idea  of 
the  attitude  of  those  who  drafted  the  code  can  be  given 


*This  code  was  prepared  jointly  by  the  committee  on  fac- 
tory lighting  and  the  committee  on  lighting  legislation  of  the 
Illuminating  Engineering  Society,  and  was  presented  for  the 
first  time  at  the  last  annual  convention  of  the  society.  The  code 
has  been  accepted  by  the  council  and  is  issued  in  separate 
pamphlet  form  by  the  society,  20  West  Thirty-ninth  street.  New 
York,  N.  Y. 


fPropositions  of  this  general  nature  were  developed  as 
early  as  May,  1910,  in  this  country,  one  of  the  first  references 
being  found  in  an  editorial  by  Mr.  Charles  F.  Scott  in  the 
Journal  for  May,  1910,  p.  333. 

tThe  Illuminating  Engineering  Society  of  America  was 
formed  in  1906.  A  society  of  the  same  name  was  organized  in 
London  in  1909. 
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than  is  found  in  the  brief  preface  to  the  document.   This  As  a  basis  for  the  brief  analysis  of  the  code  articles 

is  quoted  because  there  is  always  a  considerable  chance  to  follow,  the  eleven  suggested  legislative  articles,  to- 

for  misunderstanding  when  new  regulations  are  sug-  gether  with  the  "Explanatory  Rules,"  are  presented: — 

gested  covering  any  of  the  various  branches  of  indus-  Article    I— Daylight— AU    buildings    hereafter    constructed 

trial  organization  : — ■  must  be  provided  with  adequate  window  area.     Awnings,  win- 

'•Ti,„   c  u      ■            J        J-   r   Uk-        J-       t     .     •            -11           1  dow  shades,  diffusive  or  refractive  glasses  must  be  used  for  the 

the   foUowmg  code   of   hghtmg   for   factories,   mills   and  .             .        ,     ,.  ,             ... 

»i,             I      1          u      u                      J  1,                -ii           r  i.u     Til  purpose  of  improving  daylight  conditions  or  for  the  avoidance 

other  work  places  has  been  prepared  by  committees  of  the  Illu-  ,              .      ,^   .,,.       ^      /    '^                                  yi.v.<»u  ^ja..^.v. 

■     ,•       c     •  »     •         J      .          1            -1  ui         4.\      u  ^-       ■   c  of  excessive  brilliancy  wherever  they  are  essential  to  these  ends. 

minating  Society  in  order  to  make  available  authoritative  infor-  rr^,         ■    ,             ,    ,•  ,                        , 

.•      f      ,     •,.•.,•       r     i.        u       J         ui-           ■  The  windows,  skylights,  saw-tooth  or  other  roof  lighting 

mation  for  legislative  bodies,  factory  boards,  public  service  com-  .                <       j    n      •                                          ""       s   >-    s 

missions  and  others  who  are  interested  in  enactments,  rules  and  <:°"/tructions  are  to  be  arranged  with  reasonably  uniform  bays, 

regulations  for  better  lighting.    While  the  code  is  intended  as  ^"'^  **=  ^^^^''^ht  openings  shall  be  so  designed  and  proportioned 

•  J  4     •    J     ,  •  ,             •    •             J     ti         •    -1       t,  J-       •  that  at  the  darkest  part  of  any  work  space,  when  normal  ex- 

an  aid  to  industrial  commissions  and  other   similar  bodies   m  .                                ^                  j                f      , 

those  states  and  municipalities  which  shall  actively  take  up  the  '"'°"'   '^^y'-s'^'   conditions   obtain,   there   shall   be   available   at 

questions  of  legislation  as  related  to  factory  and  mill  lighting,  '^^='  ^  minimum  intensity  equal  to  three  times  the  minimum  in- 

it  is  intended  in  equal  measure  for  the  industries  themselves  as  '^"^'t'^^  S'^^"  '"  ^'^"'^''  ^  ^°'  artiR<::&\  light, 

a  practical  working  guide  in  individual  efforts  to  improve  light-  ^^^  intensity   requirements   for  daylight   are  higher   than 

ing  conditions.    The  language  of  the  code  has  not  been  drafted  "^o^^  ^°''  artificial  light  because  the  physical  condition  of  the 

according    to    legal    phraseology,    but    is    simple    and    pointed  ^y^  ''"""^  *«  daytime  is  usually  such  as  to  require  a  higher 

throughout,  thus  being  readily  available  for  transforming  into  'ntensity  of  natural  light  for  satisfactory  vision  than  is  required 

legal  orders,  and  at  the  same  time  as  a  working  guide  in  prac-  ^*  "'S^t  under  ordinary  well-designed  artificial  lighting  systems. 

tical  design  and  installation  work."  .•*'''''^''^  '^^-O'd  buildings  at  present  constructed   and  not 

_            ,                      ,        r             ,                          ^    -  r       .,      _  having  adequate  window  area  must  be  provided  with  adequate 

Several  paragraphs  from  the  report  of  Mr.  L.  B.  ^^^j^^j^,  ,5^^^  according  to  the  following  articles,  so  as  to  sup- 
Marks,  chairman  of  the  committee  on  lighting  legisla-  pigment  the  natural  light  during  normal  daylight  hours, 
tion,  placed  before  the  last  annual  convention  of  the  Article  III — All  buildings,  whether  old  or  hereafter  con- 
Illuminating  Engineering  Society  also  have  a  bearing  on  structed,  must  be  provided  during  those  hours  of  work  when 
this  code  Thev  are  as  follows  • natural  light  is  insufficient  or  not  available  with  adequate  arti- 
ficial light  according  to  the  following  articles : — 

"During  the  early  part  of  the  past  year   (1915)   the  com-  j^^^^i^  /K-Adequate  intensity  of  the  light  must  be  pro- 

mittee  on  lighting  legislation  made  a  general  survey  of  the  state  ^  j^^j  f^^  ^^^1,  ^,^^^  ^f  ^^^^^  ^^^j^  ^„  ^  horizontal  plane  as  well 

laws  relating  to  lighting  in  the  United  States  and  prepared  a  ^^  ^^  ^  ^.^^jj^^l  p,^„g  ^^^^-^^  tj^^^^g,^  ^1^^  ^^^j.^  according  to 

transcript   (taken  from  the  statute  books)   of  the  laws  relating  ^^jj^jg  y     j„  ^n  ^^^^^^  however,  glare  on  working  surfaces  is 

to  lighting  in  the  states  of  New  York,  Pennsylvania,  Connecti-  ^^  ^^  ^^^jj^j^  ^3  -^  ^^^^^  ^^  ^^^^^^  ^^^  ^j^^^,  gffi,i,„,y  ^f  t^e 

cutt,  Illinois  and  Wisconsin.    The  study  of  these  laws  led  to  the  ...^rkmen  and  to  increase  the  likelihood  of  accidents, 

conclusion  that,  with  few  exceptions,  existing  state  lighting  leg-  _^^,,.^,^  V-Artificiat  Light-Intensity  Required-Tht  aver- 

islation  is  crude,  fragmentary  and  often  meaningless.  ^^^  illumination  intensity  throughout  any  month  actually  meas- 

"It  was  suggested  that  this  committee  frame  a  model  light-  ^^^^^,^  ;„  fo^t.^andles  on  a  horizontal  plane  through  the  work 

ing  law  to  serve  as  a  guide  to  legislators  contemplating  the  en-       ■     j„  „ r „  4     *i,     j-  ii      ■        ^  u\        tt         »  •  u-  1 

^                                  *                  °      .   .                   .          _  IS  to  conform  to  the  following  table.     Uncertain  cases  which 

actment  or  amendment  of  laws  pertaining  to  lighting.    The  d.t-  ^^-^^  ^^  ^^  ^^^  ^^  ^1^^^;^^  g;^.^„  manufacturing  operations  are 

ficulties  in  the  way  of   framing  a  model  law  applicable  to  all  ^^  ^e  left  to  the  judgment  of  a  lighting  expert, 

classes  of  lighting  are  apparent  and  the  committee  decided  to  .,.„.,. 

^        .               ,     °        ,                               .            ,     .                   ,         .  ,.    ,  Mimmum          Desirable 

confine  its  work  for  the  present  to  formulating  a  code  of  light-  foot-candle     foot-candle 

ing  for  factories,  mills  and  other  work  places  and  a  code  of  Class  of  Work                                       intensity         intensity 

lighting  for  schoolhouses.  Storage.passageways.  stairways,  and  the  like 0.25  0.25-0.5 

,,  .  J-       1  •    1  '^^  r      1.  1*    1  ..•  J  Rough  manufacturing  and  other  operations 1 .  25  1.25-  2.5 

Accordingly,  a  special  committee  on  factory  lighting  and  a^-  rt-j^i...                                                            « 

a  -'<         f  _  .      a         a  Pj^g  manufacturing  and  other  operations 3.50  j. 5-6.0 

special  committee  on  school  lighting  submitted  to  the  committee      Special  cases  of  fine  work 10. 0  -15.0 

on  lighting  legislation,  technical  data  and  rules  upon  which  to  Where  operations  are  performed  on  the  sides  of  the  work 

base  a  lighting  code.    A  large  part  of  the  attention  of  the  com-  in  hand  they  shall  be  classified  according  to  this  table,  and  if 

mittee  on  lighting  legislation  has  been  devoted  for  the  past  six  the  illumination  is  furnished  from  an  overhead  system  it  shall 

months  to  the  consideration  of  a  comprehensive  report  of  the  preferably  be  not  less  than  So  percent  of  the  foregoing  values 

factory   lighting  committee,   of   which    Prof.   C.   E.   Clewell   is  when   measured   on  a  vertical  surface.     If  the  illumination   is 

chairman,  containing  material  upon  which  was  based  the  code  furnished  by  an  individual  lamp  or  by  lamps  close  to  the  work 

of  lighting  now  placed  before  you.."  the  intensity  shall  conform  to  the  minimum  or  desirable  inten- 
sities required  in  the  foregoing  table. 

CONTENTS  OF  THE  CODE  ,                •  ,     ,      •            ....            •.              .        .  .   j   .1.   . 

As  a  guide  to  inspectors  and  others,  it  may  be  stated  that 

The  entire  document,  consisting  of  45  pages,  is  di-  with  modern  lamps  roughly  one  candle-power  per  square  foot 

vided  into  three  parts.     One  of  these  defines  in  eleven  produces  an  effective  illumination  of  three  foot-candles  when 

brief  articles  the  recommendations  for  legal  enactment :  '^e  lamps  are  arranged  according  to  the  uniformly  distributed 

a  second  part  sets  forth  a  number  of  simple  rules  as  an  '"^'''^'^^  ^yf";  ^"*  7""""^  ^'^'f'  ""^J.""  ^'■°"J  '"  '°  '.^ 

.                        ,  .    ,                      .           ,  teet  above  the  floor,  and  when  the  light  is  directed  from  said 

aid  to  successful  lighting;  and  a  third  part  consists  of  ^^^^^  ^^  j^e  work  in  an  efficient  manner.     A  rough  idea  may 

an  extended  discussion  of  the  fundamental  principles  of  thus  be  secured  of  the  candle-power  per  square  foot  necessary 

illumination  as  applied  to  factory  conditions,  under  the  to  conform  to  the  foregoing  table  of  intensities  by  taking  one- 

heading  "Explanatory  Notes."     The  third  part  of  the  '^'^^  of  '^^  intensity  values  given  in  the  foregoing  table. 

code  has  been  considered  a  necessary  adjunct  to  the  leg-  '^^''''  ^°'  «"«  manufacturing  and   other  operations,   the 

....            ...        ,                      ...          r  .1  •     1  ■    J               /•  minimum   foot-candle   intensity  is  3.5,  which   is   approximately 

islative  articles,  because  articles  of  this  kind  are  often  1  .  ji  ,„  ! ►    ti,„  „^„  „f  .,  „„..f., 

--■  ..V.  .  equal  to  1.2  candle-power  per  square  foot,     the  use  of  a  porta- 

difficult  to  interpret  unless  sufficient  explanatory  mate-  tie  photomoter  or  illuminometer,  however,  is  recommended  for 

rial  is  added  for  the  benefit  of  those  who  perhaps  ap-  the  determination  of  existing  systems,  and  all  uncertain  cases 

proach  the  subject  for  the  first  time.  are  finally  to  be  established  by  these  instruments. 
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^  Article  VI — Lamps  and  machinery  jointly  are  to  be  so  ar- 
ranged as  to  avoid  the  casting  of  shadows  over  belts  and  other 
obstructions  on  important  parts  of  the  work,  and  the  distribu- 
tion of  light  from  the  lamps  should  be  such  as  to  avoid  sharp 
contrasts  of  light  and  shade  on  the  work. 

Article  VII — Inspection  and  regular  maintenance  of  all 
lighting  systems  is  required  in  spaces  where  work  is  being  con- 
ducted, and  in  no  case  must  the  lighting  devices,  whether  win- 
dows, lamps  or  auxiliaries,  such  as  globes  and  reflectors,  be 
allowed  to  deteriorate,  due  either  to  dirt  accumulations  or  to 
burned-out  lamps,  more  than  20  percent  below  the  minimum 
intensity  values  required  by  Article  V. 

Article  VIII — Roadways,  yards  and  places  not  usuallj^  fre- 
quented must  either  be  provided  by  illumination  during  working 
hours  when  natural  light  is  absent  or  partly  absent,  to  make 
them  safe  against  accident  to  employees  traversing  or  engaged 
in  such  places,  or  a  convenient  control  or  controls  must  be 
placed  at  the  entrance  to  basements,  stock  rooms,  and  the  like, 
so  that  a  person  on  entering  can  readily  turn  on  the  lamps 
beforehand. 

Article  IX — Stairways  and  passageways  must  be  provided 
with  lamps  and  reflectors  or  shades  carefully  located  so  as  to 
shed  their  light  generally  over  the  entire  space  or  spaces  in- 
volved, and  in  sufficient  quantity  to  make  the  stairways  and 
passages  safe  against  accident  to  employees  traversing  or  en- 
gaged in  such  places.     For  intensities  see  Article  V. 

TABLE  I COMPAR.\TIVE   INTENSITIES 


CL.ISS  OF  SERVICE 

K£5d 

0^3 

KJ-icj 

1 
a 

(5 

1 
c 

09 

General  illumination  for 
work  rooms,  independ- 
ent of  the  actual  light 
required  for  the  work. 

0.8 

0.25 

i<oundries 

30 

15 

0.4 

Passages |     ... 

0.08 

0.25 

O.I 

Yards 

0.1 

0  05 

Rough  manufacturing.  . 

20 

30 

0  75 

I  25 

Fine  manufacturing.  .  .  . 

S  0 

50 

15 

3  5 

Storage 

0.5 

0.5 

.... 

0.25 

*The  quantity  of  light  specified  in  the  Wisconsin  orders  is  in  terms  of  candle- 
power  per  square  foot  ten  feet  above  the  floor.  The  intensity  values  in  this 
column  have  been  calculated  on  the  basis  of  tungsten  lamps  with  an  efficiency  of 
one  watt  per  candle,  mounted  overhead  with  efficient  reflectors.  This  furnishes 
an  approximate  comparison  with  the  other  intensities  listed. 

Article  X — Each  working  space  is  preferably  to  be  illumi- 
nated by  lamps  mounted  overhead,  according  to  the  system  of 
general  lighting,  in  preference  to  individual  lighting.  The  over- 
head method  of  lighting,  besides  possessing  many  other  advan- 
tages, also  tends  to  reduce  dark  spots  throughout  the  floor  area, 
a  feature  usually  objectionable  with  the  use  of  individual  lamps. 
This  particular  article  is  not  an  absolute  requirement,  but  a 
suggestion  enforceable  at  the  discretion  of  a  lighting  expert. 

Article  XI — Auxiliary  lighting  should  be  provided  in  all 
large  work  spaces,  such  lamps  to  be  in  operation  simultaneously 
with  the  regular  lighting  system,  so  as  to  be  available  in  case 
the  latter  should  become  temporarily  deranged. 

EXPLAN.\TORY    RULES 

The  foregoing  eleven  articles  are  intended  as  the  basis  for 
legislation  and  also  to  furnish  a  practical  working  guide  for  the 
design  and  installation  of  factory  systems.  As  a  further  aid  in 
the  observance  of  the  articles,  appended  rules  present  the  more 
important  features  of  such  work  from  a  slightly  different  angle, 
and  hence  form  a  useful  supplement  to  the  articles  proper. 
These  eight  rules  take  the  following  form: — 

I — Lamps  should  be  equipped  with  reflectors  or  shades  for 
minimizing  glare  and  economizing  light.    Bare  lamps  should  not 


be  used  except  in  rare  cases,  and  then  only  when  out  of  the 
line  of  vision. 

2 — As  a  general  plan,  mount  the  lamps  high  and  out  of  the 
ordinary  line  of  vision. 

3 — Although  the  types  of  reflectors  and  shades,  and  re- 
flector and  shade  holders  or  fitters  on  the  market  are  numerous, 
it  is  recommended  that  the  holder  or  fitter,  as  well  as  the  re- 
flector or  shade  be  selected  with  reference  to  placing  the  light 
source  at  the  proper  point  in  the  reflector  or  shade  so  as  to 
eliminate  glare,  due  to  exposure  of  the  light  source,  and  also 
for  the  purpose  of  directing  the  light  from  the  lamp  efltectively 
to  the  work,  that  is,  for  obtaining  a  distribution  of  light  whicli 
meets  the  desired  requirements. 

4 — Light  thrown  vertically  downward  is  not  the  only  im- 
portant component  of  the  resulting  illumination.  The  sides  of 
machinery,  machine  tools  and  work,  as  well  as  horizontal  sur- 
faces, often  require  good  light. 

5 — Control  few  lamps  in  each  group,  so  that  lamps  not 
needed  may  be  turned  off  conveniently. 

6 — Keep  windows,  lamps  and  reflectors  clean,  since  large 
losses  of  light  result  from  the  accumulations  of  dust  and  dirt. 

7 — Provide  a  maintenance  department  if  the  shop  is  large 
enough  to  warrant  it,  so  that  all  the  items  associated  with  the 
upkeep  of  the  lighting  system  may  be  cared  for  systematically. 

8 — Keep  ceilings  and  upper  portions  of  walls  a  light  color 
for  the  purpose  of  rendering  both  natural  and  artificial  lighting 
more  efficient  and  better  diffused.  The  lower  portions  of  walls 
should  be  a  color  which  is  restful  to  the  eyes,  preferably  a 
medium  tint,  typified  by  the  tint  known  as  factory  green,  or  a 
rather  dark  shade  of  yellow.  Other  medium  tones  are  also 
available. 

EXPLAN.\TOKY    NOTES 

Following  these  articles  and  the  rules,  the  code  contains 
seventeen  sections  under  the  general  title  "Explanatory  Xotcs," 
which  apply  in  amplified  form  to  the  items  in  the  articles  and 
rules.  These  Explanatory  Notes  are  treated  under  the  subheads 
of  daylight;  value  of  adequate  illumination  ;  old  and  new  lamps  ; 
effects  on  factory  and  mill  lighting  produced  by  modern  lamps : 
general  requirements  of  artificial  lighting ;  overhead  and  specific 
methods  of  artificial  lighting ;  various  locations  illustrated ; 
lighting  circuits  for  electric  lamps  and  supply  mains  for  gas 
lamps ;  control  of  lamps  and  arrangements  of  switches ;  system- 
atic procedure  should  be  followed  in  changing  a  poor  system 
to  an  improved  arrangement ;  reflectors  and  their  effect  on 
efficiency;  side  light  important  in  some  factory  and  mill  opera- 
tions ;  maintenance :  expert  assistance  suggested ;  other  features 
of  eye  protection;  auxiliary  systems  for  safety;  and  good  and 
bad  lighting  compared. 

CODE   REQUIREMENTS   MODERATE 

The  fact  that  many  industrial  concerns  throughout 
this  country  located  in  states  not  having  lighting  legisla- 
tion are  illuminated  to  standards  considerably  higher 
than  those  called  for  in  the  legal  regulation  of  other 
states  where  such  laws  are  in  force,  and  also  higher  than 
those  specified  by  this  new  code,  are  indications  that 
there  is  much  to  be  hoped  for  and  expected  from  influ- 
ences other  than  legal  requirements  among  all  the  influ- 
ences which  are  helping  to  improve  existing  lighting 
conditions.  At  the  same  time,  many  instances  are  apt  to 
persist  either  through  ignorance  or  willful  neglect  where 
illumination  is  below  the  minimum  standard  set  by  this 
code,  and  it  is  for  cases  of  this  kind  that  legislation  is 
particularly  necessary. 

As  an  example  of  the  comparative  values  of  illumi- 
nation recommended  for  representative  classes  of  work 
in  the  code  and  by  other  authorities,  Table  I  has  been 
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coiiipileil  to  show  similar  intensities  suggested  in  this 
country  and  in  England  by  the  terms  of  the  new  report 
of  the  departmental  committee  on  the  lighting  of  fac- 
tories 'Sfd  mills.  In  this  table  it  should  be  noted  that  the 
valu«  ixcomended  by  the  American  and  British  codes 
are  minmium  values,  while  some  of  the  other  values 
must  rather  be  interpreted  as  mean  values  based  on  gen- 
eral practice.  „ 

The  five  headings  for  the  vertical  columns  of  Table  I 
indicate'  the  source  from  which  the  intensity  values  are 
taken.  The  Handbook  on  Incandescent  Lamp  Illumi- 
nation issued  by  the  General  Electric  Company  and  the 
book  on  "Factory  Lighting,"  by  Mr.  C.  E.  Clewell,  were 
each  published  in  1913  ;  the  Handbook  on  Shop  Lighting 
issued  by  the  Wisconsin  Industrial  Commission  ap- 
peared in  1914;  and  the  American  code  and  British 
report  were  each  made  public  in  191 5.'  The  first  two 
columns  may  be  taken  as  typical  of  good  practice  in 
factories  which  have  gone  ahead  with  the  lighting  prob- 
lem for  the  purpose  of  realizing  the  best  conditions 
for  production,  while  columns  three,  four  and  five  rep-, 
resent  the  most  prominent  cases  of  lighting  legislation 
thus  far. 


explained  fully  in  the  articles,  are  treated  at  consider- 
able length  in  the  "Explanatory  Notes,"  which  form 
part  three  of  the  code.  '  ■  ■ 

One  of  the  most  interesting,  and  it  is  believed  im- 
portant features  of  this  new  guide  book,  is  the  method 
of  specifying  quantity  of-  light.  Article  V  shows  that 
the  intensities  are  stated  in  terms  of  the  foot-candle 
intensity  on  the  working  siirface.  In  the  case  of  one 
state,  the  law  specifies  so  many  candle-power  per  square 
foot  mounted  ten  feet  above  the  floor.  This  plan  has 
the  disadvantage  that  no  specification  is  made  regarding 
the  actual  quantity  of  light  on  the  work.  If,  for  exam- 
ple, a  100  candle-power  lamp  is  mounted  ten  feet  above 
the  floor  for  every  100  square  foot  of  floor  space,  we 
then  have  one  candle-power  per  square  foot.  If  the 
lamp  is  fitted  with  an  efficient  reflector  the  illumination 
may  be  sufficient ;  if,  however,  no  reflector  is  used,  the 
illumination  on  the  work  may  be  far  from  satisfactory. 
In  either  case  we  should  have  one  candle-power  per 
square  foot. 

By  referring  all  intensities  to  the  working  surface,  a 
specification  is  realized  which  may  be  checked  up 
through  the  medium  of   portable  photometers  or  illu- 

nometers,  for  uncertain  cases,  or  for  the  purpose  of 


KG.    I^'^.'iCTORy   SP.-\CE   II.LUMIN.\TED  BV   TUNGSTEN    1,.\MPS   .\NU 
METAL   REl'LECTORS 

The  space  appears  gloomy.  Compare  with  Fig.  2. 
The  numerical  values  in  the  various  columns  refer  to 
the  intensities  of  illumination  in  foot-candles  on  the 
working  surfaces  to  be  lighted.  This  table  shows  the 
interesting  fact  that  practically  all  attempts  at  legisla- 
tion up  to  date  have  resulted  in  recommended  intensities 
considerably  lower  than  the  average'  practice  in  good 
lighting  installations.  The  legislative  values  are  there- 
fore conservative.  In  Article  \^  of  the  Illuminating 
Engineering  Society's  code,  the  intensities  recommended 
are  placed  in  two  columns,  one  being  a  minimum  and  the 
other  a  desirable  column.  Many  factories  in  following 
out  the  suggestions  of  the  code  will  doubtless  be  guided 
by  the  desirable  rather  than  the  minimum  values,  be- 
cause of  the  aiided  advantages  which  follow  a  liberal 
policy  in  the  matter  of  lighting. 

BRIEF   ANALYSIS   OF   THE   CODE 

A  review  of  the  code  shows  that  it  includes  nat- 
ural as  well  as  artificial  lighting,  and  that  the  subject  of 
artificial  lighting  is  treated  for  both  gas  and  electric 
supply.  kJIic  features  of  natural  lighting,  which  are  not 


FIG.   2 — THE   SAME  FACTORY   SP.\CE  AS   TH.\T   SHOWN    IN    FIG.    I. 

The   use   of   glass   reflectors   changes   it   from   a   gloomy   to    a 
bright  and  cheerful  interior. 

helping  a  factory  owner  to  ascertain  whether  or  not  he 
is  complying  with  good  practice. 

OTHER    ITEMS 

Throughout  the  code  considerations  of  safety  are 
emphasized.  Much  importance  is  attached  to  the  proper 
lighting  of  roadways,  yards,  stairways,  passages  and,  in 
general,  such  places  which  are  not  often  frequented,  as 
an  aid  to  accident  prevention.  Records  of  industrial 
accidents  indicate  conclusivel}-  that  neglect  of  these  out- 
of-the-way  places  is  the  cause  of  much  unnecessary 
accident  trouble.  Reference  is  also  made  to  auxiliary 
lighting.  In  all  work  places  where  a  large  number  of 
people  are  engaged,  at  such  periods  where  artificial 
lighting  is  depended  upon,  there  should  be  an  entirely 
separate  source  of  illumination  in  case  the  main  source 
fails  due  to  some  failure  in  the  supply  system.  The  ex- 
ample of  the  Bureau  of  Water  Supply,  Gas  and  Elec- 
tricity in  New  York  City  is  cited,  where  all  buildings 
coming  under  its  jurisdiction  are  made  the  subject  of  a 
ruling  of  this  kind. 
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Emphasis  is  placed  on  light  interiors  as  an  aid  to 
more  efficient  intensities  of  illumination  from  a  given 
installation  of  lamps,  and  for  the  purpose  of  improving 
the  diffusion  and  increasing  the  amount  of  illumination 
furnished  to  the  sides  of  work  from  overhead  lamps. 
In  the  comparison  between  glass  and  metal  reflectors  for 
incandescent  lamps,  the  added  cheerfulness  of  glass 
reflectors  is  explained.  It  is  not  generally  understood 
that  glass  reflectors  can  be  used  to  very  good  advantage 
in  factory  service,  and  that  besides  making  a  section  ap- 
pear brighter  and  more  cheerful,  the  resulting  illumina- 
tion can  be  as  great  with  the  glass  as  with  the  metal 
equipment.  Figs,  i  and  2  illustrate  this  feature,  the  two 
views  showing  the  identical  floor  area  in  which  lamps  of 
the  same  size  are  equipped,  first,  with  metal  reflectors, 
and  second,  with  glass  reflectors.     The  very  much  im- 
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FIG.    3 — CURVES    SHOWING    THE    PERCENTAGE    INCREASE    OF    POPULA- 
TION,   WAGE-EARNERS    AND    CAPITAL    INVESTED    IN    MANU- 
FACTURING IN   THIS   COUNTRY   FOR   FIFTY   YEARS 

proved  appearance  of  the  place  with  glass  reflectors  is 
shown  by  these  views. 

CHANGES  IN   THE  INDUSTRIES 

In  studying  a  table  like  the  one  just  discussed,  and 
finding  that  very  little  progress  has  been  made  up  to  the 
past  year  or  so  towards  standardizing  industrial  light- 
ing, the  question  naturally  arises  as  to  why  there  has 
been  such  a  delay  in  the  appreciation  of  the  part  played 
by  good  lighting  in  factory  buildings.  The  answer  may 
lie  in  the  fact  that  the  industrial  growth  in  this  country 
has  been  very  rapid,  and  the  demand  for  greater  output 
from  existing  plants  may  have  resulted  in  the  past  in  a 
certain  apathy  on  the  part  of  factory  owners  to  every- 
thing that  did  not  seem  to  bear  directly  on  the  effici- 
ency of  production.  The  percentage  increase  in  the 
total  population  of  the  country  is  compared  in  Fig.  3 
with  the  percentage  increases  in  wage-earners  and  in 


capital  invested  in  manufacturing  for  the  corresponding 
years. 

The  very  much  more  rapid  increase  in  wage-earners 
and  in  capital  than  the  growth  of  population  indicates 
in  a  way,  at  least,  that  the  past  years  have  imposed  on 
the  manufacturing  interests  in  this  country  a  problem  of 
such  magnitude  that  it  is  reasonable  to  conclude  that 
everything,  or  at  least  most  things,  have  been  overlooked 
which  could  not  be  charged  with  some  responsibility  in 
helping  to  increase  the  output  of  the  plants.  Those 
items  of  comfort,  convenience  and  indirect  aids  to  work- 
ing efficiency  have  rather  come  to  the  front  during  very 
recent  years. 

Quite  recently  many  new  influences  have  been  felt. 
Welfare  departments,  safety  first  organizations,  effici- 
ency movements  and  the  like  have  approached  manufac- 
turing methods  from  a  new  point  of  view,  and  lighting 
has  been  one  of  the  features  to  receive  very  marked 
attention  through  some  of  these  other  channels. 

PROBABLE  USEFULNESS  OF  THE  CODE 

The  new  code  appears  at  a  time  when  a  new  interest 
is  being  taken  in  lighting,  not  so  much  for  its  technical 
aspects,  as  for  the  part  it  plays  in  the  economy  of  pro- 
duction. Its  widespread  reception  by  practical  factory 
men  has  proved  that  there  is  a  demand  for  such  a  work- 
ing guide,  even  in  the  few  months  since  its  appearance. 
When  these  same  regulations  are  placed  into  legal  re- 
quirements, an  additional  factor,  that  of  the  ways  and 
means  for  sympathetically  and  gradually  enforcing 
these  rules,  will  require  attention.  The  industrial  com- 
mission or  the  labor  department  must  first  show  the 
poorly  lighted  factory  why  better  lighting  is  an  advan- 
tage; then  the  methods  to  be  followed  should  be  avail- 
able if  the  factory  is  to  conform  with  the  legal  enact- 
ment. In  factory  lighting  work  it  is  doubtful  if  a  code 
even  as  complete  as  this  can  be  depended  upon  to  indi- 
cate methods  of  design  and  installation  for  well-planned 
lighting  systems,  and  in  many  cases  there  may  be  a 
necessity  for  a  factory  to  call  in  outside  expert  assist- 
ance to  help  in  solving  some  of  the  troublesome  prob- 
lems involved. 

Much  of  the  success  to  be  obtained  where  legislation 
must  be  enforced  will  doubtless  depend  on  the  spirit 
back  of  the  department  on  which  the  responsibility  for 
this  enforcement  rests.  If  the  factory  owner  is  encour- 
aged to  study  illumination  in  its  economic  aspects,  that 
is,  as  an  aid  to  the  production  rate  in  his  plant,  much 
more  is  apt  to  be  gained  than  if  the  attitude  is  taken 
that  an  arbitrary  law  is  to  be  enforced  and  must  be  com- 
plied with  irrespective  of  its  bearing  on  the  routine  of 
the  plant  in  question.  Any  labor  department  can  thus 
take  an  attitude,  at  least  as  regards  factory  lighting,  of 
such  a  nature  that  practically  all  factories,  when  a  full 
realization  is  secured  of  the  advantages  of  good  light, 
will  be  led  to  comply  with  reasonable  legal  requirements, 
and  in  this  manner  the  problem  of  enforcing  the  law  will 
rather  take  on  the  form  of  a  co-operative  effort  to  bring 
about  a  much-delayed  improvement. 
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IN  THE  old  days  when  the  .\^''estinghouse  Electric 
Company  was  down  in  Garrison  alley,  Paul  Windsor 
suggested  that  a  lightning  arrester  arc  rupturing 
device  might  be  made  by  placing  the  spark  gap  in  the 
neck  of  a  bottle  so  that  the  expanding  air  in  the  bottle 
would  blow  out  the  arc.  While  this  was  a  good  deal  like 
"pulling  yourself  up  by  your  boot  straps"  it,  neverthe- 
less, gave  a  suggestion  which  led  to  the  construction  of 
the  first  automatic  lightning  arrester  manufactured  by 
the  Westinghouse  Electric  Company,  the  only  other 
lightning  arresters  in  use  at  that  time  being  the  old  "saw- 


FIG.    I — DOUBLE-POLE    LIGHTNING    ARRESTER 

tooth"  with  a  fuse  and  the  Thompson  magnetic  blowout. 
Instead  of  placing  the  spark  gap  in  the  neck,  it  was 
placed  down  in  the  body  of  the  bottle  and  in  the  neck 
there  was  placed  a  circuit  interrupting  device  which 
consisted  of  a  gap  made  of  carbon  terminals  and  bridged 
with  a  carbon  ball,  the  carbon  ball  being  confined  in  a 
metal  tube  provided  with  vent  holes  and  a  soft  rubber 
bumper  at  the  top,  Fig.  i.  In  the  double-pole  lightning 
arrester  shown  there  are  two  air  chambers,  with  a 
spark  gap  in  each,  and  two  circuit  interrupting  devices, 
one  for  each  air  chamber. 

This  type  of  lightning  arrester  was  designed  for  use 
on  looo  volt  alternating-current  circuits,  and  in  testing 
it  for  this  service  the  spark  gaps  in  the  air  chambers 
were  bridged  with  crumbs  of  tin  foil.  The  binding  posts 
were  connected  to  either  side  of  the  circuit,  and  on  clos- 
ing the  switch  a  short-circuit  was  established,  fusing  the 
tin  foil  and  establishing  a  considerable  arc  between  the 
terminals  of  the  spark  gaps  in  the  air  chambers,  the  heat 


of  which  in  turn  expanded  the  air,  blowing  it  violently 
out  through  the  vents,  carrying  with  it  the  carbon  balls, 
and  thereby  establishing  arcs  between  the  carbon  ter- 
minals of  the  circuit  interrupting  device,  which  were 
instantly  extinguished  by  the  rush  of  air. 

This  type  of  lightning  arrester  was  designed  and 
placed  in  service  about  1890  and  was  successfully  and 
extensively  used  until  it  was  replaced  with  other  and 
more  simple  devices.  It  was  not  adapted  for  use  on 
either  arc  or  500  volt  direct-current  circuits.  The 
principle  of  blowing  out  the  arc  was,  however,  again 
brought  into  service  in  designing  suitable  lightning  ar- 
resters for  these  circuits. 

The  construction  of  the 
arc  circuit  lightning  arrester 
with  its  connections  is  illus- 
trated diagramatically  in  Fig. 
2.  In  the  lower  part  of  the 
figure  a  carbon  ball  is  shown 
fastened  in  the  center  of  an 
air  chamber  and  two  spark 
gaps,  constituting  the  two 
gaps  of  a  double-pole  light- 
ning arrester,  which  are 
formed  by  metal  arms  piv- 
oted above  and  swinging  into 
the  air  chamber  through  suit- 
able openings  and  forming 
spark  gaps  with  the  carbon 
ball.  It  was  found,  however,  that  a  short-circuit  from 
a  constant-current  arc  machine  did  not  develop  enough 
heat  to  expand  the  air  and  blow  the  terminals  out 
through  the  openings.  This  difficulty  was  overcome  by 
connecting  a  solenoid  and  plunger  core  in  the  main  cir- 
cuit so  that  under  normal  conditions  the  plunger  would 
be  held  up.  If,  however,  a  lightning  discharge  should 
occur,  causing  a  short-circuit  through  the  lightning  ar- 
rester, the  core  would  drop  on  the  lever  arms,  thereby 
forcing  the  curved  terminals  out  of  the  air  chamber, 
which  in  turn  would  draw  out  a  considerable  arc  be- 
tween each  terminal  and  the  carbon  ball  and  thereby 
expand  the  air  and  blow  out  the  arc,  thus  interrupting 
the  short-circuit.  The  core  would  then  be  drawn  up 
again  to  its  normal  position  ready  for  further  action. 
This  lightning  arrester  was  also  extensively  used  by  the 
Westinghouse  Company  as  their  standard  arc  circuit 
lightning  arrester. 

Neither  of  the  two  types  of  lightning  arresters 
already  described  were  adapted  in  their  circuit  interrupt- 


FIG.    2 — LIGHTNING    ARRESTER 
FOR  SERIES  ARC  CIRCUITS 
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ing  properties  for  use  on  500  volt  direct-current  circuits. 
In  the  design  of  a  lightning  arrester  for  this  service  the 
same  principle  of  air  expansion  was  adhered  to  and, 
after  some  experimenting,  the  form  shown  in  Fig.  3  was 
designed.  This  was  called  the  "pick-axe"  lightning  ar- 
rester.    A  reciprocating  arm  holding  a  curved  carbon 


\XE   LIGHTNING   -\RRESTER 

was  fastened  at  the  center  between  two  air  chambers, 
the  carbon  forming  a  spark  gap  with  grounded  ter- 
minals in  either  of  the  air  chambers.  The  action  of  this 
lightning  arrester  was  as  follows  : — 

On  the  passage  of  a  disruptive  discharge  the  current 
would  follow,  causing  a  short-circuit  as  in  the  other 
types  of  arresters,  and  thereby  developing  heat  sufficient 
to  expand  the  air  in  the  air  chamber  and  blow  the  pick- 
axe terminal  from  one  chamber  over  into  the  other,  at 
the  same  time  blowing  out  the  arc.  To  avoid  breakage 
of  the  curved  carbon  it  was  reinforced  with  a  metal  tube, 
leaving  only  the  carbon  tips  exposed.  While  this  form 
of  lightning  arrester  operated  satisfactorily  as  far  as  the 
interruption  of  the  short-circuit  was  concerned  it  had 
drawbacks.  For  instance,  it  required  rather  nice  ad- 
justment, so  that  the  swinging  arm  would  not  touch  and 
perhaps  stick  in  the  vents ;  then  sometimes  the  arm 
would  be  thrown  out  so  violently  as  to  cause  it  to  re- 
bound from  the  second 
chamber  back  into  the 
fust.  It  also  did  not 
lend  itself  readily  to 
double  -  pole  construc- 
tion. This  form  was 
subsequently  modified 
to  a  form  shown  in 
experimental  operation 
in  Fig.  4. 

The  air  chamber  in 
this  case  is  a  metal 
cylinder,  the  ends  of 
which  are  closed  with 
flat  pieces  of  marble.  Carbon  swinging  arms  were  pro- 
vided which  penetrated  the  marble  walls  and,  when 
hanging  normally,  formed  spark  gaps  with  a  fixed  car- 


FIG.  4 — MODIFIED  FORM  OK  PICK-AXE 
.ARRESTER 

The  arrester  is  shown  in  the  act 
of  interrupting  a  short-circuit  on 
a  500  volt  street  railway  circuit. 


Ijon  ball  in  the  center  of  the  air  chamber,  as  shown  in 
the  arc  circuit  lightning  arrester,  thus  forming  a  double- 
pole  lightning  arrester.  For  single-pole  service  the  inner 
carbon  ball  was  omitted  and  the  swinging  arms  were 
allowed  to  form  a  spark  gap  between  their  own  tips. 
Above  the  air  chamber  there  is  a  device  which  looks  like 
a  handle,  but  which  in  reality  constitutes  two  bumpers, 
one  for  each  of  the  swinging  arms.  In  action  the  arms 
were  blown  out  with  great  violence  and  the  heated 
vapors  expelled  through  the  vents  in  the  marble  walls. 

This  form  of  lightning  arrester,  however,  soon  de- 
veloped a  serious  defect.  The  swinging  arms  being  sus- 
pended in  a  vertical  position  proved  to  be  sensitive  to 
the  jarring  motions  of  street  cars,  and  were  constantly 
swinging  in  and  out,  thereby  momentarily  placing  the 
lightning  arrester  out  of  service.  To  avoid  this  difficulty 
ic  was  suggested  that  the  marble  covers  be  inclined  at  an 
angle,  as  shown  in  Fig.  5.  With  this  construction 
gravity  tended  to  keep  the  swinging  arms  in  a  normal 
position,  thereby  avoiding  the  swinging  action  which 
was  found  so  objectionable  in  the  former  type.  This 
lightning  arrester,  from  its  shape,  was  called  the  "Key- 
stone lightning  arrester,"  and  for  a  number  of  years  was 
manufactured  by  the  Westinghouse  Company  as  their 
standard  r  a  i  Iway 
lightning  arrester 
for  both  street  car 
and  station  service. 
The  station  ar- 
rester was  mounted 
on  a  marble  base, 
as  shown  in  Fig.  5. 
and  the  street  car, 
o  r  outdoor  type, 
w  a  s  mounted  in 
an  iron  box  lined 
with  asbestos, 
as  shown  in  Fig.  6. 

The  lightning  arresters  thus  far  described  depended 
for  their  action  on  a  short-circuit  and  the\-  had  moving 
parts.  Both  of  these  features  were  objectionable.  In 
the  case  of  the  railway  lightning  arrester  the  short- 
circuit  required  a  good  ground  connection  and  this  was 
not  always  obtained,  perhaps  not  always  obtainable. 
The  writer  remembers  one  instance  where  the  Keystone 
lightning  arrester  was  grounded  to  a  copper  plate  of 
ample  dimensions  buried  in  clay.  The  complaint  was 
made  that,  while  the  lightning  discharge  would  pass,  the 
arrester  failed  to  interrupt  the  short-circuit.  On  investi- 
gation this  was  found  to  be  true,  but  the  resistance  of 
the  ground  connection  was  so  high  that  not  more  than 
five  or  ten  amperes  could  pass.  The  explosive  action 
could  not  take  place  and  the  "short-circuit"  arc  was  not 
interrupted.  On  changing  the  ground  connection  to 
the  ground  bus  and  then  using  tin  foil  to  start  the 
arc,  as  already  described,  it  was  demonstrated  to  the 
satisfaction  of  the  attendant  that  the  fault  lay,  not 
with  the  lightning  arrester,  but  with  the  ground  con- 
nection. 


FIG.    5 — KEYSTONE   LIGHTNING    .ARRESTER 

For  switchhoard  mounting. 


THE    ELECTRIC   JOURNAL 


189 


Barring  an  occasional  instance  of  this  kind  the  short- 
circuiting  through  the  lightning  arrester  did  not  prove 
a  serious  matter.  The  moving  parts  did,  however,  on 
occasions  lead  to  trouble.  In  shipping  it  was  found  de- 
sirable to  tie  the  arms  in  place,  and  this  was  most  con- 
veniently done  by  using  a  rubber  band.  On  reaching 
their  destination  the  lightning  arresters  were  frequently 
installed  without  removing  the  rubber  bands,  contrary 


FIG.  6 — KEYSTONE  LIGHTNING  ARRESTER 

Outdoor  type. 

to  the  printed  instructions  sent  with  each  instrument. 
In  fact,  in  many  cases  it  was  found  that  the  rubber 
bands  were  thought  to  be  a  necessary  part  of  the  light- 
ning arrester,  and  for  that  reason  were  not  disturbed. 
It  is  needless  to  add  that  in  such  cases  these  lightning 
arresters  failed  to  give  satisfaction.  In  other  words, 
they  were  not  fool-proof. 

About  this  time,  1892,  it  was  the  general  practice  to 
depend  for  protection  upon  a  single  lightning  arrester 
connected  to  each  circuit  in  the  station  and,  while  a  few 
outdoor  Hghtning  arresters  were  vised,  there  was  no 
general  attempt  made  to  provide  frequent  paths  to  earth 
for  lightning  discharge  and,  as  numerous  complaints 
were  made  of  damaged  apparatus  due  to  the  failure  of 
the  lightning  arrester  to  carry  off  the  discharge,  it  be- 
came more  and  more  evident  that  for  effective  protec- 
tion lightning  arresters  should  be  used  in  greater  num- 
bers along  the  line.  Owing,  however,  to  the  expense, 
not  only  of  the  lightning  arrester,  but  of  the  installation, 
it  seemed  hopeless  to  expect  the  adoption  of  any  such 
plan,  for  the  lightning  arrester  was  looked  upon  by 
station  managers  as  a  strictly  non-dividend  jjaying 
device. 

Looking  now  toward  a  cheaper,  smaller  ami  more 
simple  lightning  arrester  than  those  already  described, 
and  particularly  to  the  elimination  of  moving  parts,  the 
idea  was  conceived  of  placing  simple  spark  gaps  out  on 
the  line  and  providing  a  circuit  breaker  in  the  station 
which,  upon  the  short-circuiting  of  any  of  these  spark 
gaps,  would  open  and  immediately  close  again  automati- 
cally. This  was,  of  course,  not  ideal,  but,  nevertheless, 
it  placed  all  the  moving  parts  of  the  lightning  arrester 
system  in  the  power  house,  where  they  could  be  watched 
and  could  receive  attention  ;  and  it  did  not  seem  quite  so 
bad  to  interrupt  the  service  for  an  occasional  second  or 
two,  in  view  of  the  practice  in  many  places  in  those  days 
of  opening  the  station  switches  until  the  storm  had 
passed. 


In  experimenting  with  this  system  carbon  spark  gaps 
were  used  and,  as  already  described,  the  .short-circuit 
was  established  by  crumbs  of  tin  foil.  The  first  experi- 
ment produced  the  following  result ; — when  the  short- 
circuit  was  established  the  circuit  breaker  opened  and 
immediately  closed  again  as  was  intended,  but  so  quickly 
did  this  operation  take  place  that  the  short-circuit  was 
immediately  re-established  through  the  white  hot  carbon 
terminals  of  the  spark  gap.  Again,  the  circuit  breaker 
would  open  and  close  with  the  same  result,  and  for  the 
same  reason.  This  indicated  that  carbon  was  not  a  suit- 
able material  for  spark  gaps  to  be  used  in  this  manner. 

Thinking  that  metal  terminals  might  be  used  to  better 
advantage,  and  that  by  using  them  the  re-establishing  of 
the  short-circuit  would  be  avoided,  spark  gaps  were 
made  with  terminals  of  brass  rod  about  1.5  inches  long 
and  one  inch  in  diameter  and  with  a  1/32  inch  air  space 
Ijetween  the  two  terminals.  On  short-circuiting  with 
crumbs  of  tin  foil,  as  before,  it  was  noticed  that, 
although  the  circuit  breaker  did  not  open,  still  the  arc  in 
the  spark  gap  was  interrupted.  This  was  a  very  re- 
markable performance,  and  the  reason  for  it  was  by  no 
means  evident.  It  should  be  observed  here  that  these 
experiments  were  performed  on  a  small  1000  volt  alter- 
nator, having  a  smooth  body  armature,  such  as  were 
commonly  made  at  tliat  time. 


FIG.   7 — TESTS   ON    X0.\-.\KC1NG   C^  1.1  XI)i:Rf 

a — The  interruption  of  a  short-circuit  lictween  non-arcing 
metal  electrodes  with  two  1/32  inch  air-gaps. 

b — The  interruption  of  a  short-circuit  between  non-arcing 
metal  electrodes  with  two  1/16  inch  spark  gaps. 

c — K  short-circuit  maintained  between  non-arcing  metal 
electrodes  with  two  5/8  inch  air-gaps :  otherwise  the  same  con- 
ditions as  above. 

d — Maintenance  of  short-circuits  between  copper  electrodes 
with  1/16  inch  spark  gaps. 

e— Interruption  of  short-circuit  with  six  1/32  inch  spark 
gaps  between  non-arcing  metal  electrodes. 

f— Interruption  of  short-circuit  with  three  1/32  inch  spark 
gaps. 

All  the  tests  were  made  on  the  same  machine  and  under  the 
same  conditions. 
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This  experiment  was  repeated  several  times,  and 
each  time  with  the  same  result.  Thinking  that  some- 
thing must  be  wrong,  and  not  knowing  what  it  could  be, 
the  gaps  with  the  carbon  terminals  were  again  placed  in 
series,  but  these  acted  as  formerly,  producing  the  ex- 
pected   short-circuit   and    opening   and    closing   of    the 


FIG.   8 — NON-.\RCING   CYLINDERS   OX   THERMOST.\TIC   SUPPORTS 

circuit  breaker.  It  now  seemed  evident  that  the  cause 
for  the  interruption  of  the  short-circuit  when  using  the 
brass  terminals  must  be  looked  for  in  the  nature  of  the 
terminals,  although  the  reason  was  not  at  all  clear.  One 
thing  was  certain,  there  was  a  very  great  difference  be- 
tween the  action  of  brass  terminals  and  carbon  ter- 
minals. Thinking  that  possibly  the  speed  and  voltage  of 
the  small  alternator  which  was  being  used  might  be  con- 
siderably reduced  by  the  short-circuit  and  that  this 
might  be  a  factor  in  the  interruption  of  the  short-circuit 
when  using  brass  electrodes,  it  was  decided  to  perform 
the  same  experiment  on  a  much  larger  machine.  At  the 
moment  this  was  not  available.  So,  in  preparing  for  this 
test,  thinking  that  possibly  larger  terminals  might  prove 
more  effective,  three  cylinders  were  ordered,  each  about 
three  inches  long  by  three  inches  in  diameter.  These 
were  fastened  to  a  board  with  spark  gaps  of  1/32  inch 
between  adjacent  cylinders,  thus  giving  two  spark  gaps 
in  series.  The  two  end  cylinders  were  connected  to 
binding  posts.  As  soon  as  one  of  the  large  1000  volt 
alternators  was  available  (it  was  the  largest  one  con- 
structed at  that  time  and  was  called  a  "3000  lighter") 
this  device,  censisting  of  the  three  large  cylinders  with 
the  two  spark  gaps,  was  laid  on  the  floor  and  connected 
to  the  terminals  of  the  alternator  with  an  open  switch  in 
series.  The  field  switch  was  also  at  hand.  Crumbs  of 
tin  foil  were  dropped  into  the  spark  gaps  and  the  short- 
circuiting  switch  closed.  In  an  instant  there  was  a  groan 
from  the  dynamo,  a  great  squeaking  of  the  belt  and  the 
massive  cylinders  were  instantly  melted  to  an  almost 
shapeless  mass.  This  was  discouraging,  to  say  the  least, 
but  thinking  that  there  still  might  be  some  virtue  in  the 
smaller  brass  terminals  that  had  been  used  in  the  previ- 
ous tests,  these  were  connected  up  in  short-circuit  in  the 
manner  already  described.  The  short-circuit  was  in- 
stantly interrupted  with  the  formation  of  an  arc  no 
larger  than  was  occasioned  by  the  melting  of  the  crumbs 
of  tin  foil  and  the  brass  cylinders  were  undamaged  and 
showed  no  tendency  to  fuse  together.  This  test  was 
then   repeated   many   times,    proving   conclusively   that 


there  was  some  virtue  in  the  small  brass  cylinders  which 
did  not  exist  in  the  large  cylinders  and  that  a  short- 
circuit  on  the  1000  volt,  3000  light  alternator  could  be 
interrupted  instantly  by  two  1/32  inch  spark  gaps  after 
the  short-circuit  had  been  established  without  any  dem- 
onstration on  the  part  of  the  generator  and  without  in- 
jury to  the  brass  terminals.  While  the  mystery  was 
still  deep  it  was  evident  that  an  important  discovery  had 
been  made.  Not  only  this,  the  whole  performance  was 
unthinkable,  so  contrary  was  this  action  to  the  commonly 
accepted  ideas  at  that  time  regarding  the  behavior  of 
metals  under  these  conditions. 

Evidently  there  was  some  radical  difference  between 
the  large  brass  cylinders  and  the  small  brass  cylinders, 
and  on  inquiry  it  was  found  that  the  large  brass  cyl- 
inders were  made  of  bronze — an  alloy  of  copper 
and  tin,  while  the  smaller  cylinders  were  made  of  an 
alloy  of  copper  and  zinc.  Apparently  the  secret  was  in 
the  zinc,  and  to  prove  this  small  zinc  cylinders  were 
made  and  tested  and  found  to  interrupt  the  short-circuit 
instantly  under  the  conditions  of  test  already  described ; 
with  this  distinction,  however,  that  with  the  pure  zihc 
cylinders  there  was  considerable  pitting  caused  by  the 
arc  at  the  instant  of  fusing  the  tin  foil,  while  with  the 
zinc-brass  cylinders  none  of  this  pitting  was  noticeable. 

Many  experiments  were  now  performed  with  brass 
terminals  of  different  sizes  and  shapes  and  under  all 
possible  conditions  to  determine,  if  possible,  the  cause 
for  this  phenomenon  and,  while  the  search  for  the  cause 
was  apparently  fruitless,  it  was,  nevertheless,  deter- 
mined that  zinc-brass  electrodes  were  effective  in  inter- 
rupting the  short-circuit  in  a  great  variety  of  shapes,  the 


FIG.   9 — NOX-.\RCIKG    METAL  BALLS   SUSPENDED    FROM    THIN 
COPPER   RIBBONS 

only  cases  where  they  failed  being  when  the  adjacent 
surfaces  were  parallel  to  each  other  and  when  the  ter- 
minals were  more  than  1/16  inch  apart  from  each  other. 
This  last  was  one  of  the  most  remarkable  features  con- 
nected with  this  non-arcing  property  for,  contrary  to 
experience,  when  the  brass  terminals  were  brought  close 
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together  within  i/3_'  or  1/64  of  an  inch  tlie  action 
seemed  to  be  quicker  and  more  pronounced  than  with 
1/16  inch  spark  gaps,  and  when  the  gaps  were  made 
larger  the  non-arcing  property  ceased  altogether.  This 
is  well  shown  in  Fig.  7. 

A  long  series  of  most  interesting  experiments  now 
ensued  which  developed  the  fact  that  there  were  five 
metals  having  this  non-arcing  property,  namely,  zinc, 
bismuth,  antimony,  cadmium  and  mercury.  Some  of  the 
most  important  observations  made  were  as  follows : — 
Pure  copper  would  bead,  pure  zinc  would  pit,  while  a 
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FIG.    10 — EARLY    WURTS    NOX-.\RCING    METAL    ARRESTER 

combination  of  these  two  metals  would  neither  bead  nor 
pit.  Mercury  was  apparently  the  most  effective  and 
quick  acting  of  the  non-arcing  metals.  Under  the  above 
described  conditions  of  test  with  two  1/32  inch  spark 
gaps  between  amalgamated  copper  cylinders,  short-cir- 
cuits were  interrupted  without  a  noticeable  flicker  of 
the  lamps  connected  to  the  generator,  and  a  horizontal 
20  ampere  fuse,  10  inches  long,  would  only  sag  slightly 
each  time  the  short-circuit  took  place.     However,  with 


the  amalgamated  electrodes,  as  soon  as  the  mercury  had 
been  vaporized,  which  was  after  five  or  six  tests,  the 
short-circuit  was  maintained  and  the  copper  cylinders 
would  bead  together,  forming  a  solid  mass.  Tin  seemed 
to  be  the  most  effective  metal  to  destroy  the  non-arcing 
property.  These  experiments  should  not,  however,  be 
dismissed  without  describing  two,  which,  though  they 
led  to  nothing  in  particular,  nevertheless  emphasized  in  a 
most  remarkable  manner  the  existence  of  this  non-arcing 
property  under  conditions  of  a  very  small  air-gap.  In 
one  experiment  four  cylinders  were  connected  on  ther- 
mostatic supports  and  in  series  with  a  spark  gap,  as 
shown  in  Fig.  8.  In  testing,  the  cylinders  were  normally 
in  contact.  Tin  foil  was  used  to  bridge  the  spark  gap, 
and  the  short-circuit  was  instantly  interrupted  by  the 
non-arcing  property  asserting  itself  when  the  thermo- 
stats opened  up  the  two  gaps  between  the  four  cylin- 
ders. One  would  have  ordinarily  expected  the  cylinders 
to  fuse  and  melt  together,  but,  on  the  contrary,  they 
separated  and  opened  the  short-circuit  repeatedly. 

Another  experiment  similar  to  the  above  and  which, 
perhaps  more  than  any  other,  indicated  the  persistence 
of  the  non-arcing  property  with  the  smallest  possible 
s]iark  gap  is  shown  in  Fig.  9.     Non-arcing  metal  balls 
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FIG.    II — CONNECTIONS   OF   STATION   AND   LINE  ARRESTERS    FOR 
CIRCUITS  OF  TOGO,  2000  AND  3000  VOLTS 

were  suspended  from  thin  copper  ribbons  and  in  series 
with  a  spark  gap,  the  balls  being  normally  in  contact 
with  each  other.  On  short-circuiting  in  the  usual  man- 
ner the  heat  developed  between  the  balls  was  sufficient 
to  separate  them  and  thereby  give  the  necessary  air-gap 
so  that  the  non-arcing  property  might  assert  itself  and 
thereby  interrupt  the  short-circuit.  This  experiment 
also  was  repeated  many  times  with  the  same  result. 

Thus  in  a  most  unexpected  way  this  discovery  of  the 
non-arcing  metals  led  to  the  design  of  the  simple,  cheap 
and  effective  lightning  arrester,  without  moving  parts, 
which  had  been  sought  in  the  combination  of  spark  gaps 
on  the  line  and  circuit  breaker  in  the  station. 

In  its  commercial  form  this  lightning  arrester  was 
constructed  with  seven  knurled  zinc-brass  cylinders, 
each  one  inch  long  by  three-fourths  inch  in  diameter  and 
mounted  in  porcelain  receptacles,  as  shown  in  Fig.  lo. 
This  construction  constituted  a  double-pole  lightning 
arrester  with  three  1/32  inch  gaps  intervening  on  either 
side  between  line  and  ground.  For  higher  voltages  addi- 
tional units  were  connected  in  series,  as  shown  in  Fig.  11. 
(To  be  continued) 
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AT  THE  time  of  their  installation  the  famous  umbrella-type  generators  of  the  Niagara  Falls  Power  Company 
were  remarkable  because  of  their  size  and  capacity,  since  they  were  several  times  the  size  of  any  generators 
built  up  to  that  time.  Today  they  are  remarkable  because  of  their  marvelous  performance,  the  first  having 
been  in  almost  continuous  service  for  over  twenty  years.  At  the  time  of  their  installation  they  taught  the 
world  much  concerning  the  generation  of  electric  power.  Today  they  are  still  teaching  us  lessons  in  the  art 
of  insulation.  For  some  time  it  was  suspected  tliat  the  windings  of  these  generators  had  been  operating  at 
temperatures  considerable  in  excess  of  those  assumed  by  the  designers,  or  considered  safe  by  present  con- 
servative practice.  The  purpose  of  this  article  is  to  recount  the  methods  and  results  of  certain  tests  recently 
made  to  determine  the  actual  temperatures  to  which  the  first  of  these  machines  has  been  subjected. 


THE  first  of  the  Niagara  generator.s  was  placed  in 
service  August  25,  1895,  the  second  a  few  months 
later  and  the  third  in  1897.  There  are  ten  gen- 
erators of  this  type  in  the  No.  i  power  house  shown  in 
Fig.  I.  The  No.  i  generator,  on  which  the  tests  to  be 
described  were  made,  has  broken  down  only  twice  in 


months  6000  volts  is  applied   for  ten   minutes   to   the 
windings.    The  operating  voltage  is  2300. 

An  analysis  of  the  station  records  for  nine  typical 
years  shows  that  during  twenty  years'  service  the  No.  i 
generator  has  operated  for  approximately  no  000  hours 
(up  to  .\ugust,  I9I.O-    This  is  equivalent  to  5800  hours 


its  twenty  years  of  operation.  On  February  19,  1909, 
one  of  the  bars  broke  down  on  the  routine  potential 
test,  and  on  August  10,  1913,  there  was  a  short  circuit 
at  the  top  of  the  winding  at  the  time  of  a  lightning 
storm,  which  made  it  necessary  to  replace  six  long  and 
six  short  bars,  and  24  end  connectors.  No  other  re- 
placements in  the  winding  of  this  generator  have  been 
made,  except  those  recently  made  for  the  purpose  of 
carrying    out    the    temperature    tests.*      Every    three 


*See  paper  on  "Mica  Insulation,"  by  Mr.  F.  D.  Newbury, 
Proceedings  A.I.B.B.,  Oct.,  1915,  p.  2555. 


operating  during  each  year,  16  hours  during  each  day, 
12  years  continuous  operation,  or  30  years  for  10  hours 
daily.  It  has  delivered  280000000  kw-hrs.  of  energy 
during  this  length  of  time,  which  corresponds  to  an  aver- 
age load  of  2550  kw,  or  67  perceiit  of  its  rated  capacity. 
No  other  generators  of  this  capacity  have  been  in  ser- 
vice for  such  a  length  of  time. 

DESCRIPTION   OF  GENERATOR 

This  type  of  generator  differs  from  the  present  type 
of  standard  generators  in  that  the  revolving  field  is  ex- 
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ternal  to  the  stationary  armature.  The  present  discus- 
sion deals-  with  the  armature  only,  which  has  two  con- 
ductors per  slot,  placed  in  187  slots.  Each  conductor  is 
solid  copper  1-11/32  by  7/16  inch.  The  insulation 
of  the  strai,s;ht  bars  is  made  up  of  mica  splitting:s  on  a 


FIG.    2 — NIAGARA    GENERATOR   ARMATURE 

^^'ith  fields  lifted  for  inspection  or  repair. 

cambric  base,  almost  75  percent  of  the  total  insulation 
being  mica.  The  insulation  was  wound  by  hand  on  the 
bars  and  held  in  place  by  an  outside  layer  of  linen  tape. 
The  core  is  made  up  of  steel  laminations  bolted  together. 
The  induction  in  the  core  teeth  is  about  1 1  000  gausses 
— much  lower  than  is  common  practice  today — induc- 
tions of  16  to  20  kilogausses  being  frequently  found  in 


FIGS.  3  and  4 — i,oc.\TioN  of  thermocouples  in  genEr.\tor 

modern  armatures.  The  current  density  at  rated  cur- 
rent is  only  1400  amperes  per  sq.  in.  (215  amperes  per 
sq.  cm.),  while  densities  of  30  percent  greater  are  com- 
mon today.  However,  as  will  be  shown  later,  the  greater 
part  of  the  copper  loss  is  due  to  the  eddy  currents  in  the 


windings,  so  that  the  actual  current  densities 
higher  than  1400  amperes  per  sq.  in. 


i<)3 
much 


TEMPERATURE   TESTS 

Mr.  L.  B.  Stillwell*  in  1901  stated  that  by  the  aid  of 
[ilatinum  exploring  coils  placed  next  to  the  armature 
conductors,  temperature  rises  of  65  degrees  C.  had  been 
measured  on  these  machines,  and  he  estimated  that  the 
actual  temperatures  probably  ranged  from  85  to  100 
degrees  C.  In  the  summer  of  1913  a  resistance  coil  was 
|ilaced  between  the  bars  in  the  slot  of  the  No.  i  machine. 
The  limit  of  the  measuring  device,  130  degrees  C.  was 
exceeded,  although  the  coil  was  not  near  the  center  of 
the  armature.  These  results  looked  so  interesting  that 
the  luanufacturers  of  the  machines  were  consulted,  and 
a  series  of  further  tests  was  outlined. 

Method  of  Obtaining  Tcm[>cratures — It  was  decided 
to  use  thermocouples  for  the  succeeding  tests.  A 
thermocouple  consists  simply  of  two  wires  or  ribbons  of 
different  materials  joined  together  at  one  end  and  having 
the  other  free  ends  carried  to  some  device  for  measur- 
ing voltage.     When  the  junction  is  heated  an  e.m.f.  is 
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FIG.  5 — GRAPH ICAf.  I.OG  OF  TEST  OF  OCTOBER  2 

generated,  which  is  a  function  of  the  flifference  of  tem- 
perature between  the  hot  and  cold  ends  of  the  couple, 
and  a  suitably  calibrated  voltage  measuring  device  will 
read  this  difference  of  temperature  directly  in  degrees. 
Two  of  the  most  suitable  materials  to  use  for  thermo- 
couples are  copper  and  advance,  the  latter  being  an  alloy 
of  copper  and  nickel,  and  these  materials  were  used  in 
the  tests.  The  voltage  measuring  device  was  what  is 
called  a  thermocouple  potentioiueter,t  which  is  simply 
a  very  low  reading  portable  potentiometer,  calibrated  if 
desired  directly  in  degrees.  Since  no  current  flows 
through  the  theriuocouple  when  the  jjotentiometer  is 
balanced',  the  length  and  resistance  of  leads  may  be 
varied  at  will  withr)ut  changing  the  readings  of  the 
instrument. 


*"Tlie  Electric  Transmission  of  Power  from  Kiaijara 
l-alls,"  Transactions  A.LB.B..  Vol.  X\'Iir,  p.  445- 

tSee  "Measurement  of  Temperature  in  Rotating  Electric 
Machines,"  by  Messrs.  L.  W.  Chubb,  E.  I.  Chute  and  O.  W.  A. 
Getting,  Transactions  A.LB.B. .  Feb.,  1913;  also  "Experimental 
Temperature  Measurement  of  Electrical  Machines,"  by  Mr. 
O.  W.  A.  Getting,  in  the  Journal  for  Feb.,  1914. 
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The  thermocouples  themselves  were  made  of  rib- 
bons 0.25  by  0.005  i"ch,  spot-welded  together  at  one  end 
and  insulated  with  micarta  paper  shaped  to  fit  the  slot 
and  bars.  Six  special  armature  bars,  made  up  with 
these  couples  suitably  attached,  as  shown  in  Fig.  4,  and 

TABLE  I— FINAL  TEMPERATURES,  DEGREES  C. 


Top  of  Core 

Center  of  Core 

Bottom  of  Core 

Arma- 
ture 
Slot  No. 

Bet- 
ween 
Bars 

Bet- 
ween 
Core 
and  Bar 

Bet- 
ween 
Bars 

Bet- 
ween 
Core 
and  Bar 

Bet- 
ween 
Bars 

Bet- 
ween 
Core 
and  Bar 

II 
12 
73 
74 
135 
136 

154  4 

158  3 
.53:. 

101.3 
96  5 
94  I 

164.8 
162  2 
166.5 
164.8 
160.7 
165.0 

112. 8 
II3-8 
117. 2 

115  7 
122.5 

99  5 

140  0 
145  0 
"44  7 

103  3 
1 1 1  0 
102  7 

Final  air  temperature  =  33  degrees  C. 
with  practically  the  same  insulation  as  that  used  for  the 
original  generator  windings,  were  substituted  for  the 
old  bars  in  three  pairs  of  slots  equally  spaced  around  the 
armature.  In  one  slot  of  each  pair  couples  were  located 
at  the  middle  and  five  inches  from  the  top  of  the  core, 
and  in  the  other  at  the  middle  and  five  inches  from  the 
bottom  of  the  core.  For  each  location  of  each  pair  of 
conductors  couples  were  placed  between  the  two  bars 
and  between  the  bottom  bar  and  the  iron.  Couples  6 
and  II  of  Fig.  3  also  indicate  the  location.  The  couples 
were  all  placed  in  phase  A. 

First  Thermocouple  Tests — On  October  2,  1914,  the 
first  run  was  made  with  the  couples  installed.  The 
water  wheel  was  somewhat  clogged  with  pulp  wood  and 
full-load  current  could  not  be  obtained  at  that  time  ex- 
cept by  lowering  the  power-factor.  After  the  run  the 
water  wheel  was  cleaned  and  another  run  was  made  at 
1000  amperes  per  phase  on  October  3,  1914.  The  graph- 
ical log  of  this  run  is  given  in  Fig.  5,  and  Table  I  gives 
the  final  temperatures  attained. 

It  will  be  noted  that  the  temperature  between  coils 
shown  in  this  test  was  much  greater  than  that  between 
coils  and  core.  Also  the  temperatures  were  higher  than 
would  be  expected  from  a  consideration  of  the  copper 


fore,  this  series  of  tests  did  not  give  the  maximum  tem- 
peratures of  the  windings,  but  only  the  mean  tempera- 
ture between  the  top  and  bottom  windings.  It  was, 
therefore,  decided  to  make  further  tests  which  would 
show  the  actual  maximum  copper  temperatures. 


FIG.   6 — DIAGR.\M    OF   CONNECTIONS 

current  densities,  due  to  the  load  current.  It  is  evident, 
then,  that  the  iron  was  running  cooler  than  the  copper 
and,  from  a  consideration  of  the  eddy  currents  induced 
by  the  armature  flux,  that  the  temperatures  of  the  top 
windings  were  greater  than  those  of  the  bottom.   There- 
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FIG.   7— GR.VPHICAL   LOG  OF  TEST   OF    FEBRU.\RY    15 

Second  Thermocouple  Tests— For  these  tests  six 
bars  were  provided  for  three  slots.  Four  bars  for  two 
slots  were  insulated  with  practically  the  same  insulation 
as  that  used  in  the  original  machines  and  the  couples  lo- 
cated at  the  center  of  the  armature  in  the  positions 
shown  at  5,  6  and  8,  Fig.  3,  couples  3  and  8  being  in 
actual  contact  with  the  copper,  and  couple  6  being  in- 
serted simply  to  check  the  results  of  the  previous  runs. 

,v.  TABLE  II— FINAL  TEMPERATURES,  DEGREES  C. 


870 

\nipcre  Load 

980  Ampere  Load 

Arma- 
ture 
Slot  Xo. 

Bot- 
tom 
Bar 

Bet- 
ween 
Bars 

Top 
Bar 

Bot- 
tom 
Bar 

Bet- 
tween 
Bars 

Top 
Bar 

157 
173 

147 
152 

161 
166 

190 
199 

164 
168 

179 

^185 

214 
224 

Final  air  temperature  =  30  degrees  C. 


TABLE  III— FINAL  TEMPERATURES.  DEGREES  C. 
SLOT  17 


Cmplc 

700  .\mperes 
Load 

900  Amperes 
Load 

1000  .\nipcres 
l.oa.l 

I                 1             117 

157 

175 

2 

153 

214 

243 

3 

1 55 

217 

246 

4 

131 

171 

189 

5 

1 55 

216 

244 

6 

1            13^ 

176 

197 

7 

'            ^2^ 

164 

183 

8 

'            123 

164 

■83 

9 

!          119 

151 

166 

10 

1      124 

•65 

184 

II               1            120 

155 

170 

The  two  bars  for  the  third  slot  were  located  as  shown 
by  couples  /  to  //,  Fig.  3,  at  the  center  of  the  armature. 
Since  there  were  so  many  couples  in  this  slot,  the  insu- 
lation was  made  thinner  than  normal  in  order  to  provide 
room  for  them. 
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Due  to  the  fact  that  some  of  these  couples  were  in 
contact  with  the  copper  and  that  readings  were  to  be 
obtained  with  normal  load  and  voltage  on  the  machines, 
it  was  necessary  to  take  special  precautions  in  making 
the  tests.    In  the  first  place,  it  was  necessary  always  to 
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FUJ.  8 — TEMPER.^TURE  RISE  OF  ARM.\TURE  COPPER 

have  the  various  couples  insulated  from  each  other,  and 
in  the  second  it  was  necessary  to  protect  the  observers, 
as  the  voltage  might  go  to  over  1000  volts  above  ground. 
Each  pair  of  couple  wires  was  brought  to  an  ordinary 
lamp  socket  secured  to  the  testing  table,  in  which  was 
placed  the  female  part  of  a  Hubbell  plug.  Two  poten- 
tiometers and  two  observers  were  used,  as  it  was  desired 
to  secure  rapid  readings  during  the  cooling  curve  period. 
The  male  portion  of  a  Hubbell  plug  was  connected 
by  flexible  leads  to  the  terminals  of  each  potentiometer. 
In  this  way  either  potentiometer  could  be  connected 
quickly  and  easily  to  any  thermocouple  and  no  two 
thermocouples  could  be  connected  together.  The  ob- 
servers stood  on  an  insulated  jilatform.     There  were  17 
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FIG.   9 — TEMPER.\TUBE  RISE  AND  TOTAL   TEMPERATURE  OF  TOP  BAR 

thermocouples  and  a  complete  set  of  readings  was  ob- 
tained in  two  minutes,  a  third  man  recording  the  results 
as  read  by  the  two  observers.  Occasionally  the  two  po- 
tentiometers were  checked  by  reading  alternately  on  the 
same  couple. 


On  February  12,  191 5.  a  run  was  made  at  680 
amperes,  and  on  February  13,  1915,  one  at  870  amperes, 
increased  after  steady  temperature  conditions  were 
reached  to  980  amperes.  Fig.  7  gives  the  last  portion  of 
the  graphical  log  of  this  test  and  Table  II  the  final  tem- 
peratures, for  the  bars  having  standard  insulation  only. 
Table  III  gives  the  final  temperatures  of  the  bars  having 
special  thin  insulation.  Fig.  8,  which  was  constructed 
from  the  data  of  these  tests,  shows  the  temperature  rise 
for  the  various  parts  of  the  winding  with  increased  load, 
and  Fig.  9  shows  the  temperature  rise  of  the  top  bar  and 
the  total  temperature,  assuming  the  air  at  35  degrees  C. 
which  is  a  fair  average  for  this  particular  installation. 

DISCUSSION   OF  RESULTS 

The  large  difterence  in  temperature  between  the  top 
and  bottom  bars  was  due  to  excessive  eddy  currents  in 
the  copper.  In  modern  machines  these  large  differences 
are  eliminated  by  using  more  conductors  per  slot. 

The  iron  temperatures  are  low  since  the  inductions 

T.\BLE  IV— OPERATING  D.\T.\ 


Length  of  Service 
in  Hours 


Load  Amperes 
per  Phase 


40  000 

13  800 

8  200 

2  600 

100 


600  to  700 
700  to  800 
800  to  900 
900  to  1000 
1000  to  1 100 


TABLE  \— RAN'GE  OF  OPERATING  TEMPERATURES 


Length  of  Service 
in  Hours 

Range  in  Operating 

temperature 
(Based  on  35  Deg.  .Air) 

40  000 
13  800 
8  200 
2  600 

100 

1 20  deg.  to  145  deg. 
145  deg.  to  175  deg. 
175  deg.  to  210  deg. 
210  deg.  to  245  deg. 
245  deg.  to  285  deg. 

are  low,  and  consequently  the  iron  losses  are  small  The 
reason  that  the  temperatures  of  the  couples  between  bars 
is  not  the  mean  of  the  two  bar  temperatures  is  that 
couples  6,  Fig.  3,  are  wrapped  around  the  bottom  bar. 
It  is  interesting  to  note  the  very  rapid  cooling  of  the 
copper  when  the  load  was  disconnected,  as  indicated  by 
the  graphic  log. 

Some  interesting  things  are  shown  by  Table  III.  The 
maximum  temperature  of  246  degrees  C.  was  actually 
recorded  at  1000  amperes.  Couples  /  and  2  show  a 
temperature  gradient  of  68  degrees  for  the  insulation  at 
the  top  of  the  top  bar.  A  comparison  of  couples  2,  3 
and  5,  also  7,  S  and  10,  of  Fig.  3,  show  great  uniformity, 
as  should  be  the  case,  since  the  three  couples  of  each  set 
are  in  contact  with  the  same  bar.  As  far  as  is  known, 
this  is  the  first  time  that  actual  copper  temperatures 
have  been  obtained  on  a  generator  under  load  conditions. 

From  the  station  records,  Table  IV  has  been  pre- 
pared to  show  the  length  of  service  in  hours  with  refer- 
ence to  the  load  in  amperes  per  phase.    Substituting  for 
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the  load  in  amperes  the  temperatures  in  degrees  as  ob- 
tained from  Fig-.  9,  Table  V  is  produced.  When  it  is 
considered  that  the  standardization  rules  allow  only  125 
degrees  C.  for  the  maximum  operating  temperature  of 
class  B  insulation,  which  is  the  class  into  which  this 
insulation  falls,  this  record  is  truly  remarkable.  When 
it  is  considered  also  that  the  windings  of  this  machine 
have  never  failed  because  of  the  deterioration  of  the 
mica  insulation  due  to  temperature,  is  it  not  evident 
that  these  Niagara  Falls  machines  are  still  able  to  teach 
us  something  concerning  the  generation  of  electric 
power. 

The  reason  that  this  insulation  is  able  to  stand  such 
service  is  as  follows : — Temperatures  of  200  degrees  C. 
and  more  will  in  time  destroy  cambric,  linen,  paper,  or 
any  of  the  other  binders  comonly  used  for  mica  insula- 
tion, but  the  mica  itself  is  not  changed  by  a  temperature 
under  500  or  600  degrees,  or  even  higher  in  some  cases. 
An  examination  of  some  of  the  old  bars  removed  from 
this  machine  showed  that  while  the  cambric  was  burned 


in  some  places  quite  to  a  powder,  yet  the  mica  was  as 
good  mechanically  as  when  new.  As  pointed  out  by  ^^Ir. 
Newbury  in  the  paper  referred  to,  it  is  possible  to  de- 
stroy all  of  the  binding  material  and  still  hold  the  copper 
tight  in  the  slots,  since  the  mica,  due  to  its  elasticity, 
acts  as  a  sort  of  spiral  spring.  Of  course,  if  the  binding 
material  is  too  great  a  proportion  of  the  total,  or  if  the 
insulation  is  not  wrapped  tightly  enough,  the  loss  of  the 
binding  material  due  to  heat  may  allow  the  coils  to  ' 
vibrate  and  in  time  ruin  the  insulation  by  abrasion. 
However,  if  these  old  Niagara  generators  with  their 
hand-wound  coils  can  stand  such  severe  temperature 
conditions  for  20  years,  modern  machine-wound  coils 
should  do  even  better.  The  poorest  of  these  Niagara 
coils  stood  a  voltage  of  22  000  before  breakdown,  and 
that  on  an  insulation  which  had  been  in  service  for 
over  twenty  years,  had  operated  at  temperatures  of 
from  245  to  285  degrees  C.  for  at  least  100  hours, 
and  was  originally  designed  for  a  working  voltage  of 
only  2300. 


Why  Poles  Are  Laminated 

Due  to  the  slots  in  the  armature  of  a  direct-current  machine, 
the  flux  is  not  evenly  distributed  over  the  armature  surface,  hut 
is  bunched  at  the  tops  of  the  teeth,  as  shown  in  Fig.  I.  This 
bunching  of  the  flux  causes  an  unequal  distribution  over  the 
pole  face,  the  areas  above  the  teeth  having  a  greater  flux 
density  than  those  above  the  slots.  These  tufts  of  flux,  in 
passing  over  the  pole  face,  set  up  eddy  currents  which  tend  to 
flow  in  an  axial  direction  over  the  length  of  the  pole,  causing 
heating  of  the  pole  face. 

When  solid  poles  are  used,  a  large  air-gap  and  narrow  arm- 
ature slots  are  required  in  order  to  reduce  eddy  currents  to  a 
minimum  value  by  causing  a  more  even  distribution  of  flu.x  over 
the  pole  face.     While  these  remedies  have  the  desired  effect, 
thej'  also  have  their  disadvantages.    The 
narrow   slots   give   a   poor   space    factor 
for  the  armature  winding,  which  means  a 
large  machine  for  its  rating.     The  large 
air-gap  necessitates  the  use  of  a  strong 
field   to    overcome    the    gap    reluctance, 
jjQ    J  which   results   in   the   use   of    a   greater 

amount  of  copper  in  the  field  windings 
than  would  be  necessary  with  a  small  gap. 

The  laminated  construction  of  the  poles  limits  the  path  of  the 
eddy  currents  to  the  width  of  the  lamination,  and  so  prevents 
the  currents  from  adding  together  as  they  do  in  the  solid  poles. 
This  reduces  the  eddy  losses  and,  therefore,  the  temperature 
rise  in  the  pole  face.  The  value  of  laminations  in  the  reduction 
of  eddy  current  losses  is  well  seen  in  the  fact  that,  other  things 
being  equal,  these  losses  vary  directly  with  the  square  of  the 
thickness  of  the  laminations.  By  reducing  the  eddy  losses  the 
laminated  pole  permits  of  the  use  of  wider  armature  slots  and 
a  much  smaller  air-gap  than  can  be  used  with  a  solid  pole. 

In  addition  to  the  above  advantages  the  laminated  construc- 
tion assures  a  uniform  grade  of  metal  in  the  pole,  while  the 


interior  of  a  cast  steel  pole  may  he  spongy.  Because  of  this 
fact  and  the  lower  temperature  rise,  due  to  decreased  losses, 
the  total  flux  can  be  greater  in  a  laminated  than  in  a  solid  pole. 

P.H.LvTi.K 


Rotating  Field  Construction  on  Alternators 

Rotating  armature  generators  are  limited  to  voltages  not 
exceeding  2200  volts  on  account  of  the  difficulty  in  insulating 
the  armature  coils,  as  well  as  insulating  the  collector  and  brush 
rigging.  They  are  also  limited  to  relatively  small  armature  cur- 
rents by  the  difficulty  in  collecting  large  currents.  Neither  of 
these  limitations  is  insurmountable,  but  the  expense  of  overcom- 
ing them,  together  with  the  greater  maintenance  cost  of  col- 
lector rings  and  brushes,  make  the  stationary  armature  type 
preferable. 

Considering  the  revolving  field  generator,  it  has  relatively 
small  field  currents  with  two  collector  rings  instead  of  the 
larger,  higher  voltage,  load  currents  with  three  or  four  rings. 
The  danger  of  insulation  breakdown  of  the  armature  coils  is 
less  with  stationary  armature  coils,  for  they  are  free  from 
centrifugal  stresses  of  the  rotating  part.  It  is  easier  to  sup- 
port the  field  coils  against  these  stresses  than  the  armature 
coils.  With  the  fan  action  of  the  rotating  field  and  the  large 
entrances  for  air  between  the  field  coils,  the  rotating  field  gen- 
erator receives  better  ventilation. 

The  armature  formed  the  limit  in  size  until  the  change  was 
made  to  the  rotating  field  generator,  and  this  change  made  the 
imit  smaller  in  diameter  and  width ;  the  latter  gain  being  due 
to  the  shorter  coil  extensions  with  the  relatively  larger  coil 
diameters. 

Finally,  the  development  of  the  revolving  field  generator  has 
made  all  generators  (except  the  very  smallest)  lower  in  cost, 
as  well  as  more  reliable  in  operation,  and  has  made  it  possible 
to  build  machines  for  higher  voltages  and  speeds  than  would  be 
possible  with  the  other  type.  R.  Kn.i.v 
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1279  —  Magnetizing  Current  —  Wliat 
would  be  the  magnetizing  current  of  a 
bank  of  tliree  500  k.v.a.,  50  cycle, 
6600  volt,  single-phase  transformers? 
\\"oukl  there  be  much  diiTerence  be- 
tween the  magnetizing  currents  of 
the  above  bank,  total  k.v.a.  1500,  and 
one  of,  say  fifteen  transformers  of  100 
k.v.a.  each?  A  test  was  taken  of  a 
bank  of  three  single-phase  trans- 
formers of  1500  k.v.a,  total  capacity, 
and  it  worked  out  to  6.2  kw-hr.  Is 
that  anywhere  near  what  it  should  be 
for  the  bank?  Integrating  wattmeter 
readings  were  taken  before  and  after 
the  test.  Is  that  a  reliable  method  of 
testing  for  the  magnetizing  current  of 
a  bank  of  transformers? 

s,  s.  (south  afric.\) 
The  magnetizing  currents  of  trans- 
formers vary  considerably  for  units  of 
the  same  capacity,  voltage  and  fre- 
quency. Their  value  depends  upon  the 
amount  of  iron  in  the  core,  the  perme- 
ability of  the  iron  and  upon  the  flux 
density  at  which  the  core  is  worked. 
Transformers  of  500  k.v.a.  capacity,  6600 
volts,  50  cycles,  would  probably  have  a 
luagnetizing  k.v.a.  of  five  percent  of 
their  rated  output.  On  this  assumption 
a  bank  of  three  500  k.v.a.  units,  with  the 
above  characteristics,  would  draw  mag- 
netizing currents  of  approximately  6.5 
amperes  per  line  when  supplied  from  the 
6600  volt  side.  Fifteen  100  k.v.a.  trans- 
formers usually  recjuire  a  considerably 
larger  magnetizing  k.v.a.  than  three  500 
k.v.a.  units  of  the  same  voltage  and  fre- 
quency, but  this  is  not  necessarily  the 
case,  as  some  of  the  factors  mentioned 
in  the  first  paragraph  may  be  of  such 
values  as  would  keep  the  magnetizing 
k.v.a.  the  same,  or  even  less,  than  that 
required  for  the  three  500  k.v.a.  units. 
Wattmeters  are  not  suitable  for  meas- 
uring magnetizing  currents  of  trans- 
formers, as  these  instruments  measure 
the  product  of  three  factors— current, 
voltage  and  the  cosine  of  the  time  angle 
between  the  current  and  voltage.  The 
time  angle  between  the  magnetizing  cur- 
rent and  the  voltage  is  90  degrees  and 
its  cosine  is  zero.  Therefore,  since  one 
of  the  factors  is  zero,  a  wattmeter  will 
not  indicate  or  record  magnetizing  k.v.a. 
The  recording  wattmeter  in  this  test 
recorded-  the  true  energy;  that  is,  the 
no-load  losses  of  the  bank  of  trans- 
formers. The  value  stated  (6.2  kw)  is 
about  an  average  no-load  loss  for  a  bank 
of  transformers  of  this  rating.  The 
method  of  determining  magnetizing 
k.v.a.  that  is  generally  used  is  to  meas- 
ure the  exciting  current  with  ammeters 
and  the  no-load  loss  with  wattmeters, 
and  from  these  two  measurements  calcu- 
late the  magnetizing  k.v.a.  The  magnet- 
izing k.v.a.  is  the 

V   (Exciting  k.v.a.)  = — (nn-load  loss  in  kw).= 
The    no-load   loss    of   the   bank   can    be 
measured    with    either    indicating   watt- 
meters  or   with   integrating   wattmeters. 


as  was  done  for  the  three  500  k.v.a. 
transformers.  The  exciting  k.v.a.  is  de- 
termined b}'  measuring  the  currents  in 
the  three  primary  line  leads  and  then 
multiplying  the  sum  of  these  three  am- 
meter readings  by  the  primary  line  volt- 
age and  dividing  by  V3.  The  secondaries 
of  the  bank  should  be  open  while  these 
tests  are  being  made.  j.  F.  p. 

1280 — Truck  Equalization — (a)  Why 
is  it  tliat  on  some  locomotives  the  two 
trucks  are  different  in  that  one  is 
cross-equalized  and  the  other  longi- 
tudinally? (b)  What  purpose  do  these 
equalizer  bars  serve?  (c)  Have  they 
any  connection  with  the  increased 
pressure  on  the  rear  wheels  during 
acceleration?  (d)  Can  you  give  ref- 
erences to  articles  or  books  on  electric 
locomotive  truck  design  ? 

L.  S.  C.  (new  YORK) 

(a)    The  purpose  of   the   equalization 
system   on   a   locomotive  is   to   maintain 


No.  1  Truck  No.  2  TrudF 

FIG.     1280(a) 

approximately  the  correct  journal  load- 
ing on  the  various  axles  and  at  the  same 
time  to  allow  a  relatively  large  vertical 
(li'^iilacenient  of  tlic  various  wheels,  due 


l28o(,b). 


to  uneven  track.  It  is  also  necessary 
that  the  locomotive  be  in  stable  equilib- 
rium both  about  its  longitudinal  and 
transverse  axes.     One  scheme  of  equali- 


fore,  the  weight  is  divided  evenly  be- 
tween these  two  a.xles.  This  truck,  how- 
ever, is  not  stable  longitudinally,  having 
in  effect  only  two  points  of  support,  at 
A  and  B.  If  the  No,  2  truck  were  not 
otherwise  restrained,  it  would  be  free  to 
rotate  about  an  axis  through  AB,  the 
equalization  system  assuming  the  posi- 
tion shown  by  the  dotted  lines  for  rota- 
tion of  the  truck  in  a  counter-clockwise 
direction.  It  is,  therefore,  necessary  to 
restrain  this  truck  from  rotation  about 
the  axis  AB,  which  may  be  accomplished 
by  long  side  bearings  having  a  small 
clearance  and  by  connecting  this  truck 
with  the  No.  i  truck  through  the  articu- 
lation hinge  shown  at  C.  The  No.  I 
truck  is  stable  about  both  a  transverse 
and  longitudinal  axis,  but  the  distribu- 
tion of  weight  between  the  two  axles 
will  not  be  maintained  so  well  as  in  the 
No.  2  truck,  as  the  two  axles  are  not 
equalized  together.  The  purpose  of  the 
cross-equalization  on  the  No.  i  truck  is 
to  allow  one  axle  to  assume  a  position 
not  parallel  with  the  other,  as  shown  by 
the  dotted  lines,  without  any  one  wheel 
losing  its  load  and  being  thereby  liable 
to  derailment.  The  effect  approaches 
that  of  a  three-point  suspension.  There 
are  other  methods  of  obtaining  stability 
about  a  transverse  axis  than  that  shown 
on  the  No.  i  truck,  such  as  using  a  low 
center  pin,  and  long  semi-elliptic  springs 
hung  from  the  equalization  system,  Fig. 
1280(b),  or  by  the  use  of  spring-loaded 
friction  plates,  Fig.  1280(c).  (b)  The 
purpose  of  the  equalizer  bars  is  to  con- 
nect the  various  wheels  and  axles  to- 
gether so  as  to  give  as  nearly  as  possible 
I  he  effect  of  a  three-point  support  to  the 
running  gear,  (c)  In  cases  where  the 
a.xles  are  equalized  together,  as  in  the 
No.  2  truck,  there  will  be  no  transferof 
weight  from  the  leading  to  the  trailing 
axle  during  periods  of  high  tractive 
effort.  There  will,  however,  be  a  trans- 
fer of  weight  from  the  leading  to  the 
trailing  truck  and   from  the  front  to  the 


zation  for  obtaining  the  above  result  on 
a  locomotive  having  two  four-wheel 
trucks  is  shown  in  Fig.  1280(a).  The 
axles  of  the  No.  2  truck  are  equalized 
independently  on   each   side  and,   there- 


trailing  axle  on  the  No.  i  truck,  as  these 
axles  are  not  equalized,  (dl  See  articles 
by  Mr.  G.  M.  Eaton  on  "Principles  of 
Equalization,"  Dec,  1910,  and  "Weight 
Transfer,"  March,  1911.  H.  K.  H. 
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1281 — Electrolytic  Rectifier — I  wish  to 
construct  an  electrolytic  rectifier  with 
iron  and  aluminum  electrodes.  I  wish 
to  reduce  from  115  alternating-current 
volts  to  10  to  15  direct  current  and 
three  to  five  amperes  capacity.  Please 
tell  me  size  of  electrodes,  size  of  jar 
and  percent  phosphate  solution.  Re- 
ferring to  No.  141,  Sept.  1908,  could  I 
use  an  autotransformer  in  place  of 
choke  coil  and  get  the  desired  voltage 
by  taking  taps  from  autotransformer 
to  give  desired  direct-current  voltage, 
or  will  I  have  to  reduce  on  the  direct- 
current  side  with  resistance? 

C.  W.  B.  (PENNA.) 

It  is  possible  and  advisable  to  use  an 
autotransformer  in  place  of  the  choke 
coil  shown  in  No.  141(a).  The  required 
alternating  voltage  will  be  something 
over  double  the  direct  voltage,  depend- 
ing on  the  efficiency  of  rectification.  For 
self-cooling  and  continuous  operation 
the  size  of  the  aluminum  plates  should 
be  not  less  than  seven  square  inches  per 
ampere,  and  the  lead  or  iron  electrode 
should  he  two  or  three  times  as  large. 
With  the  connections  shown  in  Fig. 
819(a),  Feb.  1913,  the  iron  plate  need  be 

5  Amperes     a  10   Amperes 


FIG.  141(a) 

only  the  same  size  as  the  aluminum 
plate.  The  amount  of  electrolyte  should 
be  sufficient  to  provide  at  least  one 
square  foot  of  radiating  surface  of  the 
containing  vessel  per  ampere  direct  cur- 
rent. The  amount  of  electrolyte  and  the 
size  of  aluminum  and  iron  plates  may  be 
greatly  reduced  if  some  means  is  pro- 
vided for  artificial  cooling,  as,  for  ex- 
ample, circulating  the  electrolyte  through 
a  cooling  vessel.  The  electrolyte  should 
consist  of  a  saturated  solution  of  pure 
neutral  ammonium  phosphate.  c.  R.  R. 

1282 — Static  in   Paper   Machines — We 

are  troubled  with  static  electricity  in 
our  paper  while  undergoing  the  cal- 
ender-finishing process.  Grounding  the 
calender  frames  and  stretching  copper 
wires  across  the  path  of  the  finished 
paper,  as  it  leaves  the  front  side  of  the 
calenders,  takes  care  of  the  static  dis- 
charge, which  in  many  instances  is 
very  excessive.  But  this  scheme  does 
not  seem  to  neutralize  it  altogether, 
for  we  find  that  after  the  paper  has 
been  cut  into  sheet  size  there  is  still 
present  electricity  in  the  paper  when 
undergoing  the  second  and  third  cal- 
ender operations,  even  in  spite  of  the 
fact  that  the  paper  has  stood  for  a 
number  of  days  before  the  finish  has 
been  completed.  Please  enlighten  me 
on  the  theory  of  this  subject;  also  if 
there  is  any  reliable  apparatus  that 
would  neutralize  it  more,  or  com- 
pletely if  possible.  T.  k.  (Quebec) 
Very  little  information  is  available  re- 
garding the  theory  of  the  production  of 
static  electricity  on  paper  machines,  but 
it  is  generally  understood  that  it  is  due 
to  friction  of  the  paper  and  the  calender 
roll,   although   there   are   various   other 


factors,  such  as  atmospheric  conditions, 
temperature  of  the  rolls,  etc.,  which  af- 
fect the  production  of  static.  The  speed 
')f  the  paper  is  also  an  important  item 
in  the  production  of  static,  and  the  most 
trouble  is  generally  experienced  on  high- 
speed machines.  The  scheme  of  dis- 
charging the  static  by  means  of  a  wire 
across  the  sheet  has  been  used  with  vari- 
ous modifications  in  most  mills.  A  more 
complete  discharge  of  the  static  elec- 
tricity by  this  method  is  obtained  by  em- 
ploying several  wires  together  with 
numerous  brushes  of  tinsel  bearing  on 
the  paper.  None  of  these  methods,  how- 
ever, completely  discharge  or  neutralize 
the  charge  on  the  paper,  but  they  are 
generally  sufficient,  especially  where  the 
paper  is  shipped  in  roll.  Printing  plants 
experience  a  large  amount  of  difficulty 
with  static  electricity,  especially  during 
the  winter ;  and  many  presses  are  forced 
to  operate  at  half  speed  for  a  consider- 
able portion  of  the  time  when  starting 
up,  and  in  many  cases  several  hours' 
production  will  be  lost  during  the  week 
due  to  this  trouble.  In  view  of  this  fact, 
a  large  amount  of  study  and  experi- 
mentation has  been  made  with  a  view 
of  eliminating  this  feature  in  printing 
plants.  The  only  really  satisfactory  de- 
vice now  on  the  market  is  an  equipment 
which  produces  an  extremely  high  volt- 
age which  is  discharged  from  a  special 
insulated  bar  across  the  surface  of  the 
sheet  of  paper.  Regardless  of  the  the- 
ory of  exactly  how  this  high-voltage 
alternating  current  neutralizes  the  static 
discharge,  this  equipment  gives  very  sat- 
isfactory results  and  practically  elimi- 
nates the  static  charge  on  the  paper.  To 
obtain  continuous  and  satisfactory  oper- 
ation from  this  equipment,  it  is  neces- 
sary, however,  to  give  the  high-voltage 
discharge  bar  systematic  and  careful 
cleaning  to  remove  lint  or  other  foreign 
material.  c.  w.  D. 

1283 — Wet  Induction  Motor  —  .-X  40 
horse-power,  three-phase,  60  cycle, 
2200  volt  motor  was  left  out  in  the 
rain  over  night,  (a)  Would  it  be  safe 
to  run  this  motor  without  drying 
it?  (b)  How  hot  should  an  oven 
(steam  heated  and  ventilated)  be  kept 
to  insure  a  thorough  drying?  How 
could  I  tell  when  the  motor  was  thor- 
oughly dried?  (c)  Which  would  be 
the  better  way — drying  in  a  steam- 
heated  oven  (highest  temperature 
available  105  degrees  C.)  well  venti- 
lated, or  the  electric  method?  (d)  In 
drying  electrically  why  is  it  customary 
to  use  90  degrees  C.  by  thermometer ; 
will  90  degrees  C.  drive  out  the  mois- 
ture? (e)  Using  a  50  volt  Weston 
voltmeter  and  30  volt  (dry  cells)  and 

V d 

the  formula  R  =  — -3 —  X  i?Vm,  I  con- 
tinued the  drying  in  the  oven  until  I 
got  a  leakage  reading  of  a  little  less 
than  five  volts — assuming  50  ohms  per 
volt,  F  =  30  volts,  d  =  $  volts,  i?vm 
=  2500  ohms,  whence,  from  the  for- 
mula, ii  =  12  500.  Did  I  dry  it  long 
enough  to  feel  safe?  The  motor 
has  since  run  satisfactorily  for  two 
months.  a.  G.  w.  (wise.) 

(a)  It  would  not  be  safe  to  run  the 
motor  without  drying  it  out.  This  is 
sometimes   done,   but   always   with   risk. 

(b)  In  a  drying  oven  externally  heated  a 
temperature  of  105  degrees  C.  could  be 
maintained  indefinitely  without  injury 
to  ordinary  cotton  or  fibrous  insulation. 

(c)  Either  method  is  satisfactory.  The 
oven  method  dries  from  the  outside  in 
and  the  electric  method  from  the  inside 
out.     The    oven    method    is    somewhat 


quicker  in  many  cases,  (d)  In  drying 
electrically  90  degrees  C.  should  be  used 
as  a  limit,  because  there  may  be  internal 
local  hot  spots  which  are  inaccessible  to 
the  thermometer  which  are  somewhat 
higher.  The  new  rules  of  the  A.I.E.E. 
(July,  1915)  state  that  it  is  proper  to 
allow  15  degrees  C.  for  this  difference  in 
hot  spot  temperature,  and  this  added  to 
90  degrees  C.  makes  105  degrees  C.  as  a 
limit  on  insulation  of  this  class.        .\.  M.  D. 

1284 — Size  of  Transformers  —  Please 
give  me  the  size  and  characteristics  of 
the  largest  transformers  which  have 
been  built  up  to  the  present  time. 

.\.R.  w.  (que.) 
The  largest  transformers  so  far  built, 
considered  from  the  standpoint  of  k.v.a. 
rating,  are  the  two  14  000  k.v.a.  units  of 
the  Sliawinigan  Water  &  Power  Com- 
pany at  Shawinigan  Falls,  Quebec.  These 
transformers  are  three-phase,  60  cycle 
units,  stepping  up  from  a  generator  volt- 
age of  6600  to  the  line  voltage  of  100  000 
volts.  The  low-voltage  windings  are 
connected  in  delta ;  the  high-voltage 
windings  are  connected  in  star,  with  pro- 
vision for  grounding  the  neutral  point 
through  a  resistance.  w.  m.  d. 

1285  —  Uncertain  Action  of  Electri- 
cally -  Operated     Circuit     Breaker — 

Considerable  trouble  was  experienced 
with  a  line  of  electrically-operated 
circuit  breakers  opening  up  whenever 
a  slight  jarring  occurred,  such  as  the 
closing  of  an  adjacent  breaker.  These 
circuit  breakers  had  been  adjusted  to 
operate  over  a  range  of  70-140  volts, 
and  it  was  only  after  they  had  been 
closed  on  the  higher  voltages  that 
trouble  occurred.  It  was  eventually 
found  that  the  mechanism  closed  prop- 
erly, the  latch  engaging  accurately 
with  the  catch.  On  breaking  the  cur- 
rent in  the  closing  coil,  however,  the 
tripping  core  gave  a  slight  kick,  hit- 
ting the  latch  hard  enough  to  partially 
disengage  it  and  render  the  operation 
of  the  circuit  breaker  uncertain.  Please 
explain  this  action.  Fig.  1285(a)  indi- 
cates the  arrangement  of  coils,  cores 
and  cast  iron  supporting  frame.  The 
trouble  was  cured  by  lowering  the 
tripping  core  slightly.  J.  P.  (ontario) 
The  cause  undoubtedly  is  that  a  cur- 
rent is  induced  in  the  trip  coil  w-inding 
by  the  collapse  of  the  magnetic  lines 
when  the  current  is  cut  off  from  the 
closing  coil.  The  trip  coil  circuit  is 
probably  completed  through  the  red  indi- 
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FIG.    1285(a) 

eating  lamp,  as  is  the  case  in  standard 
method  of  connections.  The  current 
induced  is  sufficient  to  raise  the  trip 
magnet  core  when  set  so  that  the  air- 
gap  is  comparatively  small.  An  increase 
of  air-gap  of  the  trip  magnet  will  prob- 
ably overcome  the  difficulty.  H.  s.  M. 


CORRECTION 


In  the  Journal  for  March,  '16,  the 
columns  at  the  top  of  p.  124  should  be 
interchanged. 
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PUBLIC  UTILITY  BONDS 


Their    Relation   to    Physical   Value   and 
Earning  Power 

In  raising  new  capital  corporations 
have  three  principal  classes  of  securities 
which  they  offer  to  the  public — bonds, 
preferred  stock  and  common  stock.  In 
addition,  at  times,  corporations  secure 
temporary  loans  from  banks  or  large  in- 
vestors or  issue  short-time  notes,  but  in 
the  end  these  obligations  are  converted 
into  one  or  more  of  the  three  principal 
classes  of  securities.  Bonds  or  short- 
time  notes  are  evidences  of  indebted- 
ness, and  the  holder  of  them  stands  in 
the  relation  of  creditor  to  the  issuing 
corporation  and,  under  the  law,  has  the 


The  Record 
of  Results 


obtained  by  those  who 
have  bought  Public  Util- 
ity Bonds  is  so  satisfac- 
tory that  every  prospec- 
tive investor  should  be 
impressed  with  the  in- 
trinsic merit  of  a  good 
Public  Utility. 

The  income  from  Public 
Utility  Bonds  is  greater 
than  from  either  stand- 
ard  Municipals  or  Rails. 

Let  us  send  you  an  attrac- 
tive Public  Utility  Bond 
Offering.  Ask  for  Circu- 
lar No.  AU-165. 


A.  B.  Leach  &  Co. 

Investment  Securities 

149   Broadway,  New  York 
105  South  La  Salle  St.,  Chicago 

Boston  DL-i   J   1   L*        Baltimore 

D   cc  I  Philadelphia      ,        , 

Buffalo  *^  London 


right  to  enforce  payment  as  in  other 
forms  of  debt.  The  holder  of  common 
or  preferred  stocks  stands  in  the  rela- 
tion of  a  partner  to  the  corporation  and, 
therefore,  must  share  the  hazards  of  its 
business  to  a  much  greater  extent  than 
does  the  holder  of  its  bonds.  This  fun- 
damental difference  between  the  relation 
of  the  bondholder  and  that  of  the  stock- 
holder to  the  corporation  must  always 
be  kept  in  mind  by  the  investor.  In  fu- 
ture articles  the  relation  of  the  holder 
of  preferred  and  common  stock  to  the 
issuing  corporation  will  be  dealt  with  at 
length,  while  in  the  present  article  par- 
ticular attention  will  be  given  to  the  re- 
lation of  the  holder  of  bonds  or  their 
equivalent. 

In  the  modern  corporation  the  fun- 
damental character  of  a  bond  has  been 
largely  changed.  In  former  years,  the 
amount  of  the  mortgage  under  which 
the  bonds  were  issued  was  supposed  to 
be  fully  or  more  than  covered  by  the 
property  which  was  mortgaged  as  secur- 
ity for  the  bonds  and,  in  case  of  de- 
fault, the  holder  of  the  bond  had  the 
right  to  feel  that  at  a  sale  of  the  mort- 
gaged property  he  would  receive  the  full 
face  value  of  his  bond.  In  other  words, 
there  was  supposed  to  be  behind  the 
bonds  a  value  of  physical  property 
equal  to,  or  larger,  than  the  entire 
amount  of  bonds  outstanding  on  it.  To- 
day this  rule  holds  good  only  with  real 
estate  mortgages  or  bonds  and  not  with 
corporation  bonds.  The  present-day  cor- 
poration bond  should  be  viewed  as 
largely  a  lien  on  the  earning  power  of 
the  issuing  corporation,  instead  of  on  its 
actual  physical  property.  It  is  probable 
that  in  the  case  of  the  greater  part  of 
the  large  industrial  or  public  service  cor- 
porations of  the  country  that,  imder  a 
forced  sale,  their  physical  property 
would  not  bring  an  amount  sufficiently 
large  to  cover  their  funded  indebted- 
ness. It  is,  therefore,  of  the  utmost  im- 
portance that  the  investor  in  the  bonds 
of  a  corporation  should  have  the  in- 
formation which  will  enable  him  to 
know  that  the  sustained  earning  power 
of  the  issuing  corporation  is  such  that 
there  will  be  no  danger  of  its  earnings 
dropping  to  a  point  where  it  would  have 
to  default  on  its  bond  interest.  A  finan- 
cial statement  of  the  company  covering 
a  period  of  years,  showing  net  earnings 
available  for  bond  interest  in  each  year, 
is  the  best  guide  to  this  and,  in  addition, 
the  nature  of  the  business  also  should  be 
considered,  as  in  some  lines  earnings 
are  subject  to  great  fluctuations,  while 
in  other  lines  there  is  but  little  change 
from  j'ear  to  year.  Corporations  which 
furnish  necessities  of  life  may  be  put  in 
the  latter  class,  and  it  is  for  this  reason 
that  bonds  of  long-established  gas  and 
electric  light  and  power  companies  are 
coming  into  such  favor  with  investors, 
as  their  record  of  stability  of  earnings 
is  not  excelled  by  that  of  any  other  class 
of  corporations.  Water  supply  compa- 
nies may  be  put  in  the  same  class  and  to 
a  less  extent  electric  street  and  inter- 
urban  railways.  To  the  average  investor 
of  today  the  earning  record  of  a  com- 
pany is  of  more  importance  than  the 
physical  property  behind  its  bonds,  so 
long  as  that  property  is  well  maintained 
and  kept  in  condition  to  give  good  ser- 


\  ice  and  thus  add  to  its  earning  power. 
In  the  case  of  the  long-established  gas 
or  electric  light  and  power  company, 
earnings  should  show  at  least  twice  the 
bond  interest  earned,  while  in  the  case 
of  more  recently  organized  companies, 
which  have  a  good  field  for  develop- 
ment of  service  and  consequent  increase 
of  earning  power,  earnings  ©f  one  and 
line-half  times  or  one  and  three-quarter 
times  the  bond  interest  may  be  accepted. 
It  will  be  found,  however,  in  buying 
such  bonds  that  the  smaller  earning 
iiower  on  the  bonds  is  reflected  in  a 
lower  price  for  the  bond.  For  this  rea- 
•ion  there  are  many  investors  who  pur- 
chase the  bonds  of  these  companies  with 
the  smaller  earning  power,  where  they 
lire  satisfied  that  this  margin  of  safety 


Underlying  Bonds  of  the 
Montana  Power  Company 

Butte  Electric  &  Power  Company 

First  Closed  Mortgage 

Gold  Bonds 

To  Yield  About  5% 

The  Butte  Electric  85 
Power  Company  proper- 
ties are  operated  as  an 
integral  part  of  the  Mon- 
tana Power  Company. 

One  of  the  most  notable 
contracts  "  of  this  Com- 
pany is  for  furnishing 
power  to  the  Chicago,  Mil- 
waukee 8e  St.  Paul  in  con- 
nection with  the  electri- 
fication of  430  miles  of  its 
main  track. 

Send  for  Circular 
No.  E-06 

William  P.  Bonbright&  Co. 

Incorporated 
14  Wall  Street,  New  York 
Philadelphia         Boston  Detroit 

London  '^  Paris 

William  P.  Bonbright  &  Co.  Bonbright  &  Co. 
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above  bond  interest  will  steadily  be  in- 
^  creased,  as  it  means  that,  not  alone  will 
they  be  able  to  buy  the  bonds  on  a  larger 
income  basis,  but  at  the  same  time  will 
secure  a  profit  in  the  advance  in  the 
price  of  the  bonds  as  the  earnings  of  the 
company  continue  to  grow  and  the  mar- 
gin of  safetjr  above  bond  interest  be- 
comes larger. 

Bonds  issued  by  companies  having  a 
long  record  of  sustained  earning  power 
and  a  large  margin  of  safety  above  in- 
terest requirements,  and  which  have 
been  outstanding  for  some  years,  are 
known  as  "seasoned"  bonds,  while  the 
bonds  issued  by  newly  or"^iized  compa- 
nies, which  have  not  as  >•«  proved  their 
ability  to  show  a  good  average  liiargin 
of  safety  above  interest  requirements 
for  a  period  of  years,  are  "unseasoned" 
bonds  and  sell  at  a  much  lower  price 
than  the  seasoned  bonds.  This  factor 
of  earning  power,  instead  of  value  of 
ph3sical  property  covered  by  the  mort- 
gage, is  now  being  generally  recognized 
in  the  indenture  securing  bond  issues. 
In  substantially  all  issues  of  light  and 
power  and  street  railway  or  other  pub- 
lic utility  bonds  made  in  the  last  few 
years  it  is  provided  that  additional 
bonds  may  only  be  issued  when  earnings 
applicable  to  the  payment  of  interest  on 
the  bonds  already  outstanding  and  those 
about  to  be  issued  bear  a  certain  relation 
to  the  interest  requirements,  such  as  one 
and  one-half  times  or  one  and  three- 
quarter  times   the   amount   required   for 
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First  Mortgage  Bonds  of 
successfully  operated  Light 
and  Power  Companies  yield- 
ing attractive  rates. 


Circulars  describing  these 
issues  sent    upon    request 


New  York  Providence,  R.I. 
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mterest  payments  over  a  certam  previ- 
ous period,  usually  that  of  one  year. 
This  provision  is  now  almost  always 
placed  in  indentures  securing  second 
mortgage  bonds  or  debentures,  but  at 
times  is  also  included  in  the  indentures 
of  first  mortgage  bonds.  Mortgages  also 
usually  contain  a  restriction  that  bonds 
'ssued  imder  them  shall  be  issued  only  to 
80  or  85  percent  of  the  cash  cost  of  the 
construction  or  new  property  for  which 
the  bonds  are  issued,  the  remaining  15 
or  20  percent  being  provided  for  out  of 
income  of  the  corporation.  This  provi- 
sion is  usually  found  in  first  mortgage 
bonds,  and  often  the  mortgages  contain 
both  the  restriction  as  to  the  amount  of 
bonds  to  be  issued  for  new  construction 
and  that  regarding  earnings  available  to 
pay  interest  on  the  bonds.  In  regard  to 
the  statement  as  to  physical  property,  a 
qualification  must  be  made  that  the 
actual  cash  put  into  the  properties  is 
almost  always  more  than  the  amount  of 
bonds  outstanding  but,  as  the  property 
covered  by  the  mortgage  has  been 
created  for  a  special  purpose,  it  is  of 
small  value  unless  utilized  for  that  spe- 
cial purpose,  and  it  would  sell  for  but  a 
small  par^  of  the  cash  actually  invested 
in  it  in  case  it  cainiot  make  the  earnings 
required  to  pay  a  return  on  the  money 
invested ;  so  in  the  final  analysis  it  is 
earning  power  and  not  physical  prop- 
erty wjjich  is  the  real  value  behind  the 
modern  day  corporation  bond. 

An  electric  light  ancl  power  plant  in 
which  millions  have  been  invested  would 
sell  for  only  scrap  value  if  it  were  aban- 
doned for  generation  of  power,  and  the 
same  is  true  of  a  gas  plant.  In  case 
operation  of  an  electric  street  or  inter- 
urbaii  railway,  or  of  a  steam  railway, 
is  given  up  and  the  property  offered  for 
sale,  its  value  is  only  that  of  scrap  to 
the  purchaser  unless  it  is  bought  to  be 
operated  for  the  purpose*  for  which  it 
was  built.  So  that,  as  already  said,  it  is 
to  earning  power  and  not  so  much  to 
physical  value  of  property  behind  his 
bond  to  which  the  investor  should  pay 
particular  attention  in  making  his  selec- 
tions of  investments. 

While  bond  indentures,  or  mortgages, 
are  usually  drawn  along  similar  lines, 
tliere  are  apt  to  be  differences  which, 
under  some  circumstances,  would  be  of 
;  jiiuch  importance  to  the  holder  of  the 
Hoonds.  Sometimes  it  is  provided  that  in 
case  of  default  in  interest,  the  issuing 
company  has  from  three  to  six  months  to 
make  good  the  default  before  foreclosure 
can  be  enforced,  .\nother  is  that  a  certain 
percentage  of  the  amount  of  outstanding 
bonds  must  make  application  to  the  trus- 
tee of  the  mortgage  before  foreclosure 
proceedings  can  be  taken.  This  provi- 
sion also  is  of  much  importance  to  the 
small  investor.  This  percentage  varies 
from  20  percent  of  the  bonds  up  to  as 
high  as  60  percent,  and  it  may  be  seen 
that  it  might  often  shut  out  the  small  in- 
vestor completely  in  case  of  default  as, 
if  the  holders  of  the  large  amounts  of 
bonds  do  not  consent  to  foreclosure 
proceedings,  the  small  holder  would  be 
powerless  to  enforce  his  lien.  It  is  well, 
whenever  possible,  that  the  investor  ask 
for  a  copy  of  the  mortgage  under  which 
the  bonds  being  investigated  are  issued. 
The  bond  salesman  or  bond  house  should 
have  a  copy  and,  if  not.  one  may  easily 


be  obtained,  as  the  issuing  corporation  *" 
always  has  a  number  of  copies  printed 
lor  just  such  a  purpose.  If  the  investor 
cannot  understand  the  terms  of  the  in- 
denture he  should  ask  his  banker  or 
some  man  well  informed  in  investment 
matters  to  explain  the  provisions  of  the 
mortgage  to  him. 

Priority  of  lien  also  has  much  to  do 
with  the  value  of  a  bond,  and  this  should 
always  be  inquired  into.  If  the  investor 
is  buying  a  first  mortgage  bond,  he 
should  satisfy  himself  that  it  is  a  first 
lien  on  the  property  and  earnings  of  the 
issuing  company,  and  also  should  do  the 
same  in  regard  to  any  other  grade  of 
bond  which  he  is  thinking  of  buying. 
There  are  more  varieties  of  bonds  than 
there  are  products  of  a  widely  adver- 
tised j)ickle  manufacturing  firm,  and  the 
investor  should  therefore  be  certain 
whicli  one  of  the  more  than  57  varieties 
of  bonds  he  is  buying.  Any  responsible 
bond  house  or  bond  salesman  will  fur- 
nish this  information,  and  if  for  any 
reason  it  is  not  furnished,  then  it  would 
be  best  to  leave  that  particular  bond' se- 
verely alone.  In  a  succeeding  article 
these  different  varieties  of  bonds  will  be 
described  and,  so  far  as  possible,  the  in- 
vestor will  be  told  how  to  differentiate 
between  a  prior  lien,  a  first  mortgage,  «-» 
collateral  trust,  a  first  lien,  a  second, 
third  or  other  mortgage  and  the  ather 
varieties  of  bonds  usually  sold  to  in-  . 
vestors.  In  regard  to  public  utility 
bonds,  to  which  this  series  is  primarily 
devoted,  it  may  be  said  that  the  finaij^ 
cial  organizations  of  the  corporations  ^ 
issuing  them  are  much  less  complex 
than  -are  those  of  the  steam  railways  or 
of  many  of  the  large  industrial  corpora- 
tionsjjand  the  investment  value  of  their 
bonds  is  much  more  easily  understood 
by  the  average  investor.  So  far  as  pos- 
sible the  public  utility  corporations  iitt 
simplifying  their  corporate  organizations 
and  striving  to  refund  their  underlying 
mortgages  by  one  general  mortgage, 
thus  getting  rid  of  a  multiplicity  of 
underlying  issues.  The  altitude  of  the 
investor  has  been  to  some  extent  to 
blame  for  the  many  underlying  issues. 
Not  so  long  ago,  the  average  investor,  as 
well  as  many  bond  houses,  looked  with 
suspicion  on  the  present-day  "open-end 
mortgage,"  or  a  mortgage  which  in  ef- 
fect gives  the  corpor^||ten  an  unlimited 
authorized  bond  issue.  In  former  days, 
before  the  great  expansion  of  public 
utility  service  was  realized,  the  bond 
houses  favored  sm^  authorized  issues 
of  bonds.  This  was^bon  found  to  be  a 
handicap  on  the  public  utility  corpora- 
tions. Manj'  a  utility  corporation  has 
liad  its  growth  in  business  and  service 
stunted  and  its  earning  power  greatly 
retarded  by  the  fact  that  it  was  con- 
fronted with  the  necessity  of  raising  ad- 
ditional capital  to  provide  for  the  im- 
perative demand  for  extension  of  ser- 
vice, but  at  the  same  time  found  it  had 
exhausted  it;,  entire  authorized  bond 
issue.  In  this  case  it  had  but  two  alter- 
natives if  it  was  to  continue  to  grow. 
One  was  to  create  a  second  mortgage 
on  the  property,  with  the  knowledge 
that  it  would  have  to  sell  these  bonds  at 
heavy  discount  because  they  were  not  a 
first  lien  ;  the  other  was  to  cj-eate  a  new- 
first  and  refunding  mortgage  and  sell 
under  it  bonds  enough  to  retire  its  out- 
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standing  bonds  probably  at  a  large  pre- 
mium, and  to  produce,  in  addition,  the 
capital  required  for  its  other  corporate 
necessities.  The  public  utility  business, 
especially  that  of  the  electric  light  and 
power  companies,  expanded  at  such  a 
rate  that  these  small  mortgages  were 
soon  outgrown,  and  the  public  utility 
men  and  the  bond  houses  saw  the  mis- 
take that  had  been  made  in  so  limiting 
the  power  of  the  companies  to  secure 
new  capital  for  enlargement  of  their 
generating,  transmission  and  distrib- 
uting systems.  Then  came  the  "open- 
end"  mortgages  of  large  amounts,  with 
the  issue  of  bonds  under  them  carefully 
safeguarded  by  restrictions  in  regard 
to  earnings  and  to  investment  of  the 
proceeds  of  the  bonds  in  not  more  than 
80  percent  of  the  cash  cost  of  new  con- 
struction. 

This  is  the  reason  that  now  the  in- 
vestor often  hears  of  the  creation  of  a 
first  and  refunding  mortgage  by  a  com- 
pany, relatively  unimportant,  having  an 
authorized  amount  of  bonds  running 
from  $25  000  000  to  $50  000  000,  and 
sometimes  even  more.  This  does  not 
mean  that  the  company  is  going  to  issue 
anything  like  the  authorized  amount  of 
bonds,  but  only  that  it  is  taking  care  to 
prepare  for  the  future.  It  may  make  an 
initial  issue  of  $1  000  000  of  bonds  under 
the  new  mortgage,  but  it  has,  in  case  of 
need,  a  reserve  of  authorized  bonds  on 
which  to  draw,  with,  as  already  stated, 
the  issue  of  these  additional  bonds  care- 
fully protected  by  stringent  provisions  in 
the  mortgage.  For  this  reason  an  in- 
vestor need  not  become  alarmed  when 
he  sees  notice  of  the  creation  of  such  a 
mortgage  by  a  company  in  which  he  has 
investments.  If  he  holds  bonds  under  a 
prior  mortgage  they  have  a  lien  ahead 
of  the  bonds  to  be  issued  under  the 
new  mortgage,  and  the  only  way  in 
which  they  may  be  retired  is  either  by 
maturing  or  by  calling,  if  they  contain  a 
provision  for  call,  usually  at  from  i  to  5 
percent  above  their  face  value. 

The  light  and  power  business  has 
grown,  and  is  growing  so  rapidly,  that  it 
is  imperative  that  the  light  and  power 
corporations  make  ample  provision  for 
the  capital  requirements  of  the  future, 
and  it  is  to  do  this  that  they  are  creating 
the  new  "open-end"  mortgages  of  large 
amount.  As  stated  heretofore,  the  writer 
firmly  believes  that  there  are  no  better 
investments,  especially  for  the  man  of 
limited  means,  than  the  securities  issued 
by  public  utility  corporations,  more  par- 
ticularly those  of  electric  light  and 
power  companies.  While  street  railway 
securities  to  some  extent  were  affected 
by  the  loss  in  earnings  due  to  jitney 
competition  in  some  localities  and  to 
general  business  depression  the  country 
over,  their  earnings  are  now  showing 
large  average  gains  and  they  are  re- 
gaining the  favor  in  which  they  were 
formerly  held.  In  fact,  now  is  a  good 
time  to  buy  electric  railway  bonds  of 
approved  earning  power,  as  they  are 
selling  at  substantially  lower  prices  than 
will  be  the  case  within  a  year  or  two. 
As  their  earnings  recover  from  the  de- 
pression of  the  past  two  years  their  se- 
curities will  advance,  and  it  would  be 
well  for  the  investor  not  to  neglect 
some  of  the  bargains  which  may  now  be 


secured  in  first  mortgage  bonds  of  elec- 
tric railways. 

But  it  can  be  said  that  there  are  no 
better  investments  in  the  field  of  public 
service  corporations,  or  in  any  other 
field,  than  those  of  the  electric  light  and 
power  companies.  While  at  present 
there  are  approximately  $844500000  of 
steam  railway  bonds  on  which  the  inter- 
est is  in  default,  and  quite  a  substantial 
amount  of  electric  railway  bonds,  there 
is  not  a  single  important  light  and 
power  issue  on  which  the  interest  is  not 
being  regularly  paid.  In  the  last  two 
years  there  have  been  no   receiverships 


lor  any  important  light  and  power  com- 
panies and,  while  some  of  the  small  com- 
panies, organized  by  men  inexperienced 
in  operation  and  not  versed  in  financial 
affairs,  have  failed,  the  light  and  power 
companies  of  the  country  as  a  whole 
have  continued  prosperous.  More  than 
that,  they  have  been  able  to  earn  a 
good  return  on  the  new  capital  invested 
to  meet  the  growth  of  their  business. 
Railroad  statistics  show  that  of  the 
$5  000  000  000  new  capital  invested  in 
steam  railroads  since  1910,  the  increase 
in  earnings  due  to  the  investment  of  this 
new  capital  has  been  at  a  rate  returning 
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but  about  one  percent  a  year  on  this  im- 
mense outlay.  It  may  tlius  easily  be 
seen  why  almost  $845000000  of  steam 
railroad  securities  are  in  default.  At  the 
same  time  the  light  and  power  corpora- 
tions of  the  country  have  invested  hun- 
dreds of  millions  of  dollars  in  exten- 
sions of  their  generating,  transmission 
and  distributing  systems  and  have  been 
able  to  show  increased  earnings  of  close 
to  eight  percent  a  year  on  the  additional 
capital  invested.  And  again,  it  may  thus 
easily  be  seen  why  the  light  and  power 
corporations  have  been  able  to  maintain 
their  payments  of  interest  in  that  period 
to  the  holders  of  their  bonds. 

Ofter  the  question  is  asked  why  the 
corporations  of  the  country,  especially 
the  public  utility  corporations,  are  con- 
stantly going  to  the  public  for  addi- 
tional supplies  of  capital.  The  answer 
may  be  found  in  the  steady  increase  in 
public  utility  earnings.  For  each  dollar 
of  new  business  secured  by  an  electric 
light  and  power  company  it  is  estimated 
that  its  capital  requirements  will  be  $5 ; 
for  each  dollar  of  new  business  of  elec- 
tric railways  the  average  of  new  capital 
required  will  average  about  $6 ;  for  the 
gas  company  it  will  take  between  $4  and 
$5  of  new  capital  to  care  for  each  dollar 
of  increased  business.  The  answer  to 
the  question  is  thus  found  in  the  steadily 
expanding  business  of  the  public  utility 
companies,  and  it  is  not  to  be  wondered 
why  one  of  the  great  bankers  of  New 
York,  in  an  address  a  year  ago,  esti- 
mated that  to  provide  for  the  new  cap- 
ital requirements  alone  of  the  electric 
light  and  power  companies  of  the  United 
States  an  average  of  $400000000  a  year 
would  be  needed  over  a  long  period  of 
years.  This  new  capital,  as  stated  at 
the  beginning  of  this  article,  is  raised 
by  the  sale  of  bonds  or  short-time  notes, 
and  preferred  and  common  stocks.  To 
raise  it  all  by  bonds  would  be  extremely 
bad  financing,  so  that  part  of  it  is  se- 
cured by  the  sale  of  funded  securities 
and  a  part  by  the  sale  of  stocks.  If  any 
one  is  fearful  that  it  is  not  good  busi- 
ness to  invest  $5  of  capital  to  secure  $1 
of  new  business  we  would  ask  him  to  do 
a  little  figuring.  It  is  probable  that  it 
will  take  50  or  55  cents  out  of  the  dollar 
of  new  business  to  pay  for  operating 
expense  and  taxes.  Then  if  the  new  cap- 
ital has  been  secured  on  a  six  percent 
basis  there  would  be  30  cents  to  pay  for 
interest,  leaving  between  15  and  20  cents 
for  surplus.  Thus  it  will  be  seen  that  a 
growing  light  and  power  company  can 
invest  $5  of  capital  to  finance  $1  of  new 
business  and  still  make  a  good  profit  on 
its  investment. 

Next  month  we  will  take  up  the  dif- 
ferent classes  of  bonds  and  notes,  show- 
ing just  how  they  rank  in  investment 
value  and  how  they  may  be  distin- 
guished. This  to  be  followed  by  similar 
articles  on  the  investment  values  of  pre- 
ferred and  common  stocks  of  public 
utility  corporations,  with  some  facts  in 
regard  to  the  more  important  public 
utility  corporations,  the  securities  of 
which  are  being  offered  to  the  investing 
public. 

EMPIRE  DISTRICT  ELECTRIC 

Among  the  bonds  which  have  recently 
shown  good  advances  in  price  are  the 
Empire  District  Electric  Company  first 


mortgage  five  percent  bonds,  due  in  1949. 
The  advance  has  been  due  to  the  large 
gains  in  earnings  of  the  company  and 
also  to  a  better  knowledge  of  the  bond 
and  the  issuing  company.  There  are 
$3  346  000  of  these  bonds  outstanding, 
and  for  1915  net  earnings,  applicable  to 
payment  of  interest  on  them,  were 
$421,878,  or  in  excess  of  2.5  times  the 
requirements.  The  company  is  now 
making  the  largest  earnings  in  its  his- 
tory, due  to  the  great  activity  in  the  lead 
and  zinc  mining  industry  of  Southwest 
Missouri  and  Southeastern  Kansas,  a 
territory  which  it  serves  with  electric 
light  and  power  and  gas. 


WEST  PENN  POWER 

West  Penn  Power  Company,  which 
has  just  sold  $8500000  first  mortgage 
five  percent  bonds  to  New  York  and 
Chicago  bankers,  is  a  newly  organized 
corporation  which  has  taken  over  the 
electric  light  and  power  properties 
which  have  been  operated  by  West  Penn 
Traction  Company,  a  subsidiary  of 
American  Water  Works  &  Electric 
Company.  The  new  company  is  organ- 
ized under  the  laws  of  Pennsylvania, 
with  $10000000  common  stock,  all  of 
which  is  owned  by  West  Penn  Trac- 
tion Company;  $2000000  seven  percent 
preferred  stock  and  $8  500000  first  mort- 
gage bonds,  issued  under  a  mortgage 
providing  for  $50000000  authorized  in- 
debtedness, with  the  further  issue  of 
bonds  being  limited  by  stringent  re- 
strictions in  regard  to  cost  of  property 
and  earnings,  and  with  provisions  in  re- 
gard to  maintenance  expenditures  and 
depreciation  reserves.  Proceeds  of  the 
first  mortgage  bonds  and  of  the 
$2000000  preferred  stock  just  sold  will 
be  used  in  retiring  all  funded  and  other 
obligations  of  the  consolidated  compa- 
nies, leaving  the  property  free  of  all  in- 
debtedness other  than  these  bonds  and 
with  $2  000  000  cash  working  capital  in 
its  treasury.  Territory  served  by  West 
Penn  Power  is  in  excess  of  2500  square 
miles  and  surrounds  Pittsburgh,  being 
a  part  of  that  great  industrial  district. 
The  ~'  communities  served  have  a  total 
population  of  400000,  with  an  estimated 
400000  horse-power  of  available  busi- 
ness, the  latter  being  two  and  a  half 
times  the  present  connected  power  load 
of  the  company. 

West  Penn  Power  owns  six  gener- 
ating stations  of  a  total  capacity  of  481 1 
kilowatts  and  987  miles  of  transmission 
and  distributing  system  and,  in  addition, 
leases  the  generating  station  of  West 
Penn  Traction  at  Connellsville  with  a 
capacity  of  57  000  kilowatts.  Under  the 
terms  of  the  mortgage,  West  Penn 
Power  must  construct  or  acquire  prior 
to  January  i,  1921,  new  power  plants 
having  an  aggregate  of  40000  kilowatts 
generating  capacity.  December  31,  1915. 
the  company  had  23  791  light  and  power 
customers,  with  total  connected  load  of 
1 17  300  horse-power.  In  the  last  three 
years  the  number  of  customers  in- 
creased 42.4  percent,  connected  load  70.5 
percent  and  output  of_  generating  sta- 
tions 94  percent.  Earnings  of  the  con- 
solidated companies  for  the  year  ended 
December  31,  1915,  were  $2  343  056  gross, 
and  $1  138  728  net.  As  it  will  require 
$425  000  to  pay  the   annual  interest   on 


the  bonds  just  sold,  it  will  be  seen  that, 
after  payment  of  this  interest,  a  bal- 
ance of  $713  728  would  be  left  for  de- 
preciation and  dividends.  Directors  of 
the  new  company  include  Samuel  In- 
suU,  of  Commonwealth  Edison,  Chicago  ; 
Guy  E.  Tripp,  of  Westinghouse  Electric 
&  Mfg.  Company;  James  D.  Mortimer, 
of  the  North  American  Company,  and 
H.  Hobart  Porter,  of  American  Water 
Works  &  Electric  Company. 


GEORGIA  RAILWAY  &  POWER 

Georgia  Railway  &  Power  Company, 
which  by  reason  of  jitneys  in  Atlanta 
and  the  general  business  depression  in 
its  territory  did  not  make  its  usual  large 
gain  in  earnings  in  191 5,  is  now  coming 
back  to  its  normal  earning  ratio.  For 
January,  1916,  the  first  month  of  its  new 
fiscal  year,  gross  increased  $36  212,  or 
6.46  percent  over  January,  1915,  while 
net  earnings  increased  $37  094,  or  16.2 
percent.  While  operating  expenses  for 
the  month  were  reduced  $1466,  taxes  in- 
creased $584. 


WESTERN  STATES  GAS  &  ELEC- 
TRIC COMPANY 

Western  States  Gas  &  Electric  Com- 
pany, a  subsidiary  of  Standard  Gas  & 
Electric  Company,  lias  just  sold  $700000 
first  and  refunding  five  percent  bonds  to 
provide  for  additional  generating  and 
distributing  capacity.  The  replacement 
value  of  the  property  of  the  company  is 
$7100000,  and  there  are  $4687000  of 
these  bonds  outstanding.  Net  earnings 
of  the  company  for  1915  were  $572366, 
with  interest  charges  of  $250000,  show- 
ing the  bond  interest  well  over  twice 
earned. 


Indications 

Public  Utility  Securities  are  steadily 
advancing  in  price  as  the  public  be- 
comes acquainted  with  their  invest- 
ment advantages,  shown  by  recent 
statistics. 


For  a  period  of  over  thirty  years  (1882-1911) 
statistics  taken  of  net  earnings  per  $100  of  out- 
standing Railroad,  Industrial  and  Gas  and  El- 
ectric Securities  show  the  following  comparison : 

Net  Earnings  Per  SlOO  op  Outstanding 
Securities 

Gas  and  Electric  Companies..  .  .S8  45 

Industrial 7 .  79 

Railroads 4 .  25 


For  the  same  period  figures  were  taken  to  show 
the  average  risk  of  receivership  in  each  vw^p 
with  the  following  result* 

Risk  op  RECEiVEPSHir 

Industrial ?2 ,  07 

Railroads 1 .  84 

Gaa  and  Electric  Ck>rapanie^ 0.37 
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PERSONALS 

Mr.  F.  W.  Scheidenhelm,  who  has 
been  engaged  in  consulting  hydroelectric 
practice  in  Pittsburgh  for  a  number  of 
years,  has  opened  a  consulting  engineer- 
ing office  in  the  Equitable  building,  New- 
York  City,  in  partnership  with  Mr.  D. 
W.  Mead,  of  Madison,  Wis. 


Mr.  J.  S.  Pevear  has  recently  been  re- 
elected president  of  the  Birmingham 
Railway,  Light  &  Power  Company  and 
has  also  been  chosen  general  manager 
of  the  company.  Mr.  Pevear  has  moved 
his  headquarters  from  New  York  to 
Birmingham  to  take  active  charge  of 
operations. 


bilrgh.  Pa.,  to  accept  the  position  of 
chief  engineer  of  the  Packard  Electric 
Company,  of  St.  Catharines,  Ontario. 
Mr.  Wyman  is  a  graduate  of  the  Uni- 
versity of  Vermont.  He  spent  two  years 
teaching  electrical  engineering  at  Drexel 
Institute,  Philadelphia,  and  two  years 
in  the  same  capacity  in  the  University 
of  Pittsburgh.  For  the  past  seven  years 
he  has  been  connected  with  the  Pitts- 
burgh Transformer  Company,  the  last 
four  years  as  chief  engineer. 


Mr.  G.  W.  Roosa,  of  the  supply  sales 
department  of  the  Westinghouse  Elec- 
tric &  Mfg.  Company,  has  resigned  to 
enter  the  sales  department  of  the  Holo- 
phane  Glass  Company,  of  New  York 
City,  where  he  will  have  charge  of  sales 
in  New  York,  Ohio  and  Western  Penn- 
sylvania. 


Mr.  R.  L.  McLelan  has  accepted  a  po- 
sition in  the  industrial  division  of  the 
Westinghouse  Electric  &  Mfg.  Company 
and  will  handle  the  steam  railroad  busi- 
ness in  Chicago  territory.  He  was  con- 
nected with  H.  M.  Byliesby  &  Co.,  but 
more  recently  with  Sanderson  &  Porter, 
consulting  engineers,  Chicago,  111. 


Mr.  C.  R.  Dooley  has  been  appointed 
manager  of  the  new  educational  depart- 
ment of  the  Westinghouse  Electric  & 
Mfg.  Company.  Mr.  Dooley  graduated 
from  Purdue  University  in  1902  and  en- 
tered the  Westinghouse  plant  the  same 
year.  In  1905  he  was  assistant  manager 
of  the  JouRNAi,  and  later  was  connected 
with  the  power  engineering  department 
of  the  Westinghouse  Company.  In  1906 
he  was  elected  president  of  the  Casino 
Technical  Night  School  and  has  been  in- 
terested in  educational  work  ever  since. 


Mr.  William  S.  Twining  has  been  ap- 
pointed director  of  the  department  of 
city  transit  of  Philadelphia,  to  succeed 
Mr.  A.  Merritt  Taylor. 


Mr.  P.  G.  McConnell  has  resigned  his 
position  in  the  Chicago  service  depart- 
ment of  the  Westinghouse  Electric  & 
Mfg.  Company. 


Mr.  F.  M.  Cockrell,  who  has  been  in 
charge  of  the  Chicago  publicity  division 
of  the  Westinghouse  Electric  &  Mfg. 
Company,  has  resigned  to  enter  the  ad- 
vertising department  of  the  Electrical 
World. 


Mr.  E.  M.  Smith,  of  the  Beardslee 
Chandelier  Mfg.  Company,  of  Chicago, 
has  resigned  to  become  manager  of  the 
commercial  lighting  department  and 
commercial  engineer  for  L.  Plant  &  Co., 
434  East  Twenty-third  street,  New  York 
City.  Mr.  Smith  was  formerly  con- 
nected with  the  Cleveland  office  of  the 
Westinghouse  Lamp  Company. 


Mr.  G.  L.  Kothny  has  terminated  his 
connection  with  the  Westinghouse  Ma- 
chine Company  and  joined  the  staff  of 
the  C.  H.  Wheeler  Mfg.  Company,  of 
Philadelphia,  in  the  capacity  of  consult- 
ing engineer. 


Mr.  Frank  T.  Wyman  has  severed 
his  connection  as  chief  engineer  of  the 
Pittsburgh  Transformer  Company,  Pitts- 


Mr.  P.  R.  Moody,  of  the  Boston  dis- 
trict office  of  the  Westinghouse  Electric 
&  Mfg.  Company,  has  resigned  to  be- 
come power  solicitor  for  the  Lowell 
Electric  Light  Corporation,  Lowell, 
Mass. 


Mr.  H.  W.  Clarke,  of  the  department 
of  publicity  of  the  Westinghouse  Elec- 
tric &  Mfg.  Company,  at  East  Pitts- 
burgh, has  been  placed  in  charge  of  the 
publicity  division  of  the  Chicago  dis- 
trict office. 


Mr.  H.  O.  Swoboda,  consulting  engi- 
neer, Empire  building,  Pittsburgh,  Pa., 
has  been  retained  by  the  Humphrey 
Company,  Kalamazoo,  Mich.,  manufac- 
turers of  water  heaters,  for  the  purpose 
of  designing  a  new  line  of  electrical 
heaters.  

Mr.  W.  T.  Scott,  formerly  in  charge 
of  the  credit  division  of  the  Westing- 
house Electric  &  Mfg.  Company's  Chi- 
cago office,  is  now  with  the  Hartman 
Furniture  &  Carpet  Company,  3913 
Wentworth  avenue,  Chicago,  111.,  as  as- 
sistant auditor.  Mr.  F.  A.  Ferguson,  of 
the  Westinghouse  East  Pittsljurgh  credit 
department,  has  been  appointed  to  fill 
the  vacancy. 


Mr.  S.  A.  Fletcher,  of  the  publicity 
division  of  the  Westinghouse  Electric  & 
Mfg.  Company,  has  resigned  to  become 
new  business  manager  of  the  Birming- 
ham Railway,  Light  &  Power  C  impany, 
Birmingham,  Ala. 

Mr.  H.  E.  Drevenstedt,  formerly  with 
the  Sumpter  Lighting  Company,  of 
Sumpter,  S.  C,  has  been  appointed  su- 
perintendent of  the  Salem  Lighting 
Company,  Salem,  O.  Mr.  Drevenstedt 
graduated  from  Yale  University,  Shef- 
field Scientific  School,  in  1913. 


Mr.  Edward  A.  Hanff,  of  the  indus- 
trial engineering  department  of  the 
Westinghouse  Electric  &  Mfg.  Com- 
pany, has  resigned  to  accept  the  posi- 
tion of  chief  engineer  of  the  Pennsyl- 
vania Electrical  &  Mfg.  Company,  of 
Irwin,  Pa. 


A.I.E.E.  NOMINATIONS 

The  board  of  directors  of  the  Amer- 
ican Institute  of  Electrical  Engineers 
has  selected  as  its  list  of  directors'  nom- 
inees for  candidates  for  the  Institute 
offices  falling  vacant  July  31,  1916,  the 
following: — 

For  president — Mr.  Harold  W.  Buck, 
of  New  York. 

For  vice  presidents — Mr.  L.  T.  Robin- 
son, Schenectady,  N.  Y. ;  Mr.  Peter  Jun- 
kersfeld,  Chicago,  111.;  Mr.  B.  A.  Behr- 
end,  Boston,  Mass.,  and  Mr.  Henry  A. 
Lardner,  New  York. 

For  managers — Mr.  John  B.  Fisken, 
Spokane,  Wash. ;  Mr.  Charles  Robbins, 
Pittsburgh,  Pa. ;  Mr.  N.  A.  Carle,  New- 
ark, N.  J.,  and  Mr.  Charles  S.  Ruffner, 
St.  Louis,  Mo. 

For  treasurer — Mr.  George  A.  Ham- 
ilton, Elizabeth,  N.  J. 


Mr.  C.  G.  Tarkington,  formerly  a 
salesman  in  the  Chicago  industrial  di- 
vision of  the  Westinghouse  Electric  & 
Mfg.  Company,  is  now  with  the  Snyder 
Electric  Furnace  Company,  of  Chicago. 


Mr.  George  K.  Parsons,  consulting 
engineer,  has  opened  an  office  in  the 
Equitable  building,  New  York  City,  in 
addition  to  his  office  in  the  Riggs  build- 
ing, Washington,  D.  C. 


The  Standard  Underground  Cable 
Company,  of  Pittsburgh,  have  just  pub- 
lished a  descriptive  booklet  entitled, 
"Thirty-Three  Years  of  Progress,"  in- 
cluding a  description  of  their  exhibit  at 
the  Panama-Pacific  International  Expo- 
sition. 


THE  WESTINGHOUSE  CLUB 
BANQUET 

The  sixth  annual  banquet  of  The 
Westinghouse  Club  was  held  on  March 
II  at  the  Fort  Pitt  Hotel,  Pittsburgh. 
The  principal  speaker  of  the  evening 
was  Mr.  W.  L.  Saunders,  vice-chairman 
of  the  Naval  Consulting  Board,  and 
chairman  of  the  board  of  directors  of 
the  Ingersoll-Rand  Company,  New  York 
City.  Other  speakers  were  Mr.  W.  G. 
Carr,  patent  attorney  of  the  Westing- 
house Electric  &  Mfg.  Company,  and 
Rev.  Samuel  M.  Lindsay,  of  Pittsburgh. 
Mr.  T.  P.  Gaylord,  acting  vice  president 
of  the  Westinghouse  Electric  &  Mfg. 
Company,  acted  as  toastmaster  and  was 
introduced  by  Mr.  G.  H.  Lewis,  presi- 
dent of  The  Westinghouse  Club.  There 
were  about  500  present. 


NEW  BOOKS 


"Regulation  of  Railroads  and  Public 
Utilities  in  Wisconsin"  —  Fred  L. 
Holmes.  348  pages,  5x8  inches.  Pub- 
lished by  ID.  Appleton  &  Company, 
New  York.  Price  $2.00. 
The  ultimate  outcome  of  our  present 
system  of  utility  regulation  is  a  matter 
of  speculation  by  careful  observers  of 
both  state  and  Federal  practice.  Unde- 
niably public  service  regulation  has  its 
advantages  but,  if  too  rigidly  enforced 
or  conducted  in  an  academic  manner  not 
in  harmony  with  the  conomic  forces  that 
control  the  development  of  utilities,  it 
must  inevitably  fail.  The  present  order 
of  regulation  is  comparatively  new,  and 
possibly  has  not  proceeded  far  enough  to 
have  evidenced  definitely  whether  its  in- 
fluence upon  the  industries  affected  is 
stimulative  or  the  contrary.  In  this  book 
the  author,  who  has  been  active  in  legis- 
lation in  the  state  of  Wisconsin,  en- 
deavors to  portray  in  an  impartial  man- 
ner the  progress  made  by  the  Wisconsin 
Railroad  Commission  since  1907.  Chap- 
ters are  devoted  to  provisions  of  the  law 
on  which  the  commission  was  organized, 
valuations,  rate  of  return,  standardizing 
service,  accounting,  depreciation,  rates 
for  different  classes  of  utilities,  indeter- 
minate permits,  regulation  of  stocks  and 
bonds,  water  power  legislation,  effect  of 
regulation  upon  investments  and  the  re- 
lation of  the  commissions  and  the  courts. 
This  is  the  most  comprehensive  review 
of  the  achievement  of  the  Public  Service 
Commission  thus  far  published,  and  ac- 
cordingly deserves  the  careful  perusal  of 
those  whose  interests  lie  in  this  direc- 
tion. E.  D.  D 
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NEW  BOOKS 


"Color  and  Its  Applications" — M.  Lucke- 
ish.  357  pages,  129  illustrations,  four 
color  plates.  Published  by  D.  Van 
Nostrand  Company,  New  York  City. 
Price  $3.00. 
This  book  may  be  considered  as 
being  primarily  a  discussion  of  the 
physical  basis  of  color,  in  that  the  au- 
thor has  treated  the  subject  of  color, 
even  in  its  relation  to  art,  from  the 
standpoint  of  pure  physics.  This  is  a 
mode  of  treatment  which  has  been  much 
needed.  We  quote  from  Chapter  XIII : — 
"By  no  means  is  it  contended  that  art 
can  be  produced  by  rule  of  thumb  or  by 
scientific  formulae.  Nevertheless,  facts 
are  the  basis  of  all  art  and,  while  scien- 
tific investigation  has  not  yet  revealed 
all  its  hidden  secrets,  scientific  expla- 
nations can  be  presented  for  many 
supposed  mysterious  effects."  Many 
of  the  requirements  of  color  treatment, 
which  are  known  to  painters,  but  are 
little  understood  by  most  of  them,  can 
be  explained  by  the  persistency  of  vision 
of  the  eye,  its  constant  shifting  and  its 
chromatic  aberration  and  other  inher- 
ent characteristics  which  must  be  taken 
into  account  and  should  be  thoroughly 
understood  by  the  painter  who  "does  not 
record  what  he  knows  to  be  there,  but 
rather  what  he  sees."  The  first  part  of 
the  book  gives  a  discussion  of  the  phys- 
ical principles  underlying  the  production 
of  light  and  the  production  and  mixing 
and  analyzing  of  color.  A  chapter  is 
devoted  to  color  terminology,  which  at 
present  is  crude  and  largely  unscientific. 
Several  chapters  are  devoted  to  the  eye, 
its  physiological  and  physical  character- 
istics and  their  eflrect  on  color  vision,  as 
well  as  the  various  theories  of  color 
vision.  Other  chapters  deal  with  color 
photometry ;  color  photography ;  color 
in  artificial  and  daylight  illumination ; 
color  effects  for  the  stage  and  for  dis- 
play lighting;  color  phenomena  in  paint- 
ing; color  matching;  the  art  of  mobile 
color,  or  color  music  and  its  relation  to 
sound  music ;  and  a  discussion  of  the 
various  colored  media  available  for  ex- 
perimental purposes.  The  work  is  not 
intended  as  a  complete  treatment  of  the 
subject,  but  rather  presents  to  the  reader 
the  scientific  information  which  is  at 
present  available  on  this  most  interest- 
ing subject;  it  should  prove  of  great 
value  to  those  whose  work  involves  an 
understanding  of  the  sciences  of  color. 
The  results  of  many  practical  experi- 
ments are  given.  Among  these  are  the 
relative  visibility  at  different  distances 
of  color  combinations  for  advertising 
purposes ;  it  is  interesting  to  note  that 
black  type  on  a  yellow  background  is  the 
most  legible,  while  black  type  on  a  vifhite 
background  (the  usual  combination) 
stands  sixth  on  the  list  of  experimental 
combinations,  being  surpassed  also  by 
green  on  white,  red  on  white,  blue  on 
white  and  white  on  blue.  Other  experi- 
ments deal  with  the  effect  of  different 
colored  light,  and  especially  of  mono- 
chromatic light  both  for  the  acuity  of 
nearby  objects  and  for  visibility  at  a 
distance.      Especially    interesting   is    the 
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discussion  of  the  effect  of  colored  light- 
ing on  paintings,  tapestry  and  other 
color  combinations.  The  viewpoint  of 
practical  application  has  been  kept 
prominently  in  mind  throughout  the 
book.  In  addition.  Dr.  Luckeish  has  pre- 
sented the  information  in  a  most  inter- 
esting manner.  It  will  occasion  no  sur- 
prise to  those  who  know  him  by  reputa- 
tion to  learn  that  the  entire  book  is 
printed  on  a  non-glare  paper  and  from 
an  especially  legible  type.  Bibliographies 
follow  each  chapter,  with  numerous 
cross-references  and  an  exceptionally 
complete  index.  c.  r.  r. 


"Some  Things  Engineers  Should  Know 
Concerning  the  Rudiments  of  Cor- 
porate Finance" — Ralph  D.  Mershon. 
Published  by  the  National  Electric 
Light  Association,  29  West  Thirty- 
ninth  street.  New  York  City.  Price 
10  cents  per  copy. 

This  address  has  been  published  by 
the  National  Electric  Light  Association 
and  deals  with  the  fundamental  princi- 
ples underlying  investment  of  private 
capital  in  public  utilities  and  explains 
the  nature  of  securities  issued,  such  as 
stocks  and  bonds.  Many  public  utility 
employees  not  directly  concerned  with 
the  financial  department  entertain  rather 
vague  ideas  on  the  subject.  Mr.  Mer- 
shon's  treatment,  which  is  simple,  plain 
and  direct,  should  be  of  much  value  and 
interest  to  them. 


"Elementary  Lessons  in  Electricity  and 
Magnetism" — Sylvanus   B.   Thompson. 
706  pages,  377  illustrations.    Published 
by  The  Macmillan  Company.    For  sale 
by  The  Electric  Journal.    Price  $2.50. 
This  is  the  seventh  edition  of  the  book 
originally  published  in  1894.   In  the  pres- 
ent edition  the  entire  work  has  been  re- 
vised and  in  some  parts  re-written.     A 
new  chapter  has  been  added  on  wireless 
telegraphy  an  !   another  on   the   modern 
conception  of  the  electron.    The  book  is 
arranged  with  many  problems  and  exer- 
cises at  the  end  for  classroom  work  and 
has  been  a  standard  textbook  for  so  long 
that  a  detailed  review  is  hardly  neces- 
sary.   

"Ford  Methods  and  Ford  Shops" — H.  L. 
Arnold  and  F.  L.  Faurote.  Size  7x10 
inches,  440  pages,  illustrated.  Pub- 
lished by  The  Engineering  Magazine. 
For  sale  by  The  Electric  Journ.^l. 
Price  $5.00. 

This  book  is  a  re-arrangement  of  a 
series  of  articles  published  in  The  Engi- 
neering Magasine,  going  into  elaborate 
detail  as  to  the  methods  used  in  the 
manufacturing  processes  in  this  very  in- 
teresting establishment.  The  book  is 
well  illustrated  with  detail  photographs 
of  the  various  production  methods.  In 
the  present  form  the  book  should  cer- 
tainly be  of  value  to  all  production  men 
interested  in  machine  shop  methods, 
especially  those  having  to  do  with  quan- 
tity production.  "Safety  First"  and  the 
latest  arrangements  for  the  comfort  and 
convenience  of  workmen  are  given  con- 
siderable attention. 


"Electrical  Measurements  and  Meter 
Testing"  —  David  Perm  Moreton. 
Pocket  size,  328  pages,  191  illustra- 
tions. Published  by  Frederick  J.  Drake 
&  Co.     Price  $1.00. 

This  book  is  prepared  especially  for 
those  who,  having  been  unable  to  take  a 
complete  course  in  electrical  engineering, 
are  desirous  of  obtaining  a  working 
knowledge  as  to  electrical  measurements 
and  testing.  Fundamental  theories  are 
clearly  presented  and  their  practical  ap- 
plication shown.  Numerous  examples 
and  their  solution  are  given,  along  with 
illustrations  and  explanations  of  various 
commercial  forms  of  meters,  including 
recording  meters. 


"Conservation  of  Water  by  Storage" — 
George  F.  Swain.  369  pages,  91  illus- 
trations. Published  by  Yale  Univer- 
sity Press.  For  sale  by  The  Electric 
Journal.  Price  $3.00. 
Considering  the  enormous  amount  of 
available  water  power  still  unutilized,  it 
is  natural  to  inquire  why  the  develop- 
ment of  these  great  resources  is  being 
retarded.  Economic  reasons  would  at 
first  seem  to  satisfy  such  inquiry,  but 
when  we  come  to  see  clearly  that  legisla- 
tive interference  and  misconceptions  cre- 
ated by  self-assumed  authorities  on  con- 
servation have  deterred  private  initia- 
tive and  capital  from  embarking  upon 
such  enterprises,  we  realize  that  such  de- 
velopment should  be  encouraged  rather 
than  intimidated.  The  book  comprises  a 
series  of  lectures  presumably  intended 
for  classroom  work.  In  any  state  where 
available  water  power  is  a  factor  this 
very  lucid  and  logical  resume  should  be 
read  by  its  constructive  statesmen  and 
progressive  citizens.  Undoubtedly,  en- 
gineers are  best  qualified  to  lay  the  foun- 
dation for  any  policy  that  should  be  de- 
termined upon  relative  to  this  far- 
reaching  subject,  and  this  book  as  a  ref- 
erence will  be  found  of  much  aid.  On 
the  other  hand,  the  non-technical  mind 
should  be  able  to  grasp  the  significant 
facts  that  have  been  presented  by  the 
author,  and  consequently  this  contribu- 
tion to  our  water  power  literature 
should  produce  a  positive  effect  upon  the 
immediate  future  of  this  agency.  The 
scope  of  the  book  is  broader  than  the 
mere  title  would  imply.  The  subjects  of 
forest  preservation,  floods,  navigation, 
etc.,  are  amply  embraced.  E.D.D. 


"Telegraph  Engineering" — Erich  Haus- 
mann.  406  pages,  192  illustrations. 
Published  by  D.  Van  Nostrand  Com- 
pany.    Price  $3.00. 

This  book  is  designed  for  electrical 
engineering  students  and  as  a  manual 
for  practicing  telegraph  and  telephone 
engineers.  It  presents  modern  overland 
and  submarine  telegraphy  from  an  engi- 
neering standpoint.  Very  little  attempt 
is  made  to  describe  particular  types  of 
apparatus.  The  book  is  based  on  the 
course  in  telegraph  engineering  given  by 
the  author  at  the  Brooklyn  Polytechnic 
Institute.  It  includes  chapters  on  rail- 
way signaling,  municipal  telegraphs  and 
submarine  telegraphy. 


The  Gamewell  Fire-Alarm  Telegraph  Co. 

General  Offices  and  Works.  NEWTON  UPPER  FALLS.  MASS. 

Manufacturers  and  Contractors  for  57  Years 

FIRE-ALARM  AND  POLICE  SIGNAL  TELEGRAPHS 

Over  5000  plants   InstaUed   In  the  United  States.      Special   attention  Is  paid  to  the  protection  of   public   Institutions 
Industrial  corporations  and  railroad  properties. 


THE    ELECTRIC   JOURNAL 


25 


A  Special  for  1914-1915 
BOUND  VOLUMES 

For  those  who  have  not  a  complete  set  of  bound  volumes  of  the 
JOURNAL  we  recommend  that  they  begin  with  the  1914 
volume,  the  first  one  in  the  new  size. 

As  a  special  inducement  to  begin  now  we  are  offering  the 
volumes  for  1914  and  1915,  bound  in  handsome  red  half- 
morocco   with   gold   lettering   for 

JREIF^AID 


3*7. OO 


Or  with  a  years  subscription  to  the  Journal,  $8.00. 
volumes  $4.00  each. 


Single 
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NEW  BOOKS 

"The    Telephone    and    Telephone    Ex- 
changes"— J.  E.  Kingsbury.    558  pages  ; 
170  illustrations.     Published  by  Long- 
mans, Green  &  Co.     For  sale  by  The 
Electric  Journal.    Price  $4.00. 
This  is  an  English  work  which  goes  at 
great   length    into   the    early   history   of 
the  telephone  industry,  with  profuse  ex- 
tracts   from    legal    testimony    given    in 
various   telephone   suits.     Much   of   this 
testimony  is  interesting,  being  the  ver- 
batim   expression    of    various    inventors 
and  engineers  as  to  their  understanding 
as  to  the  various  telephone  and  switch- 
board   developments.      The    fact    that   a 
full-page  illustration  is  given  of  the  in- 
auguration of  the  New  York-San  Fran- 
cisco line  January  25,  1915,  will  indicate 
that  the  book  has  been  brought  closely 
up  to  date     The  final  chapters  are  de- 
voted to  rates  and  the  economics  of  the 
telephone. 


"Steam    Power"  —  W.    E.    Dalby.      744 
pages,    250    diagrams.      Published    by 
Longmans,  Green  &  Co.     For  sale  by 
The  Electric  Journal.    Price  $6.00. 
This   is   an   extensive   treatise   on   the 
principles   and   theory  underlying   steam 
power  plant   practice.     The   author   has 
presented  the  subject  in  a  graphic  way, 
and   all   mathematics    and    formulae   in- 
volved have  been  reduced  to  as  simple 
form  as  possible.    A  unique  treatment  of 
the    different    processes    of    converting 
heat  and  energy  in  the  plant  have  been 
introduced   in   the   way  of   dividing  the 
course  of  heat  energy  into  three  circuits 
— heating   circuit,   motive   power   circuit 
and  cooling  circuit.     This  merely  exem- 
plifies  the   numerous   means   adopted   to 


explain  the  facts  that  should  be  under- 
stood. The  steam  boiler,  steam  engine, 
turbine  and  condensers  are  fully  covered 
from  a  thermodynamic  standpoint,  and 
essential  considerations  in  efficient  oper- 
ation are  shown.  Considerable  space  is 
given  to  the  balancing  of  engines  and 
the  laying  out  of  valve  motion.  The  au- 
thor has  evidently  given  much  considera- 
tion to  American  research,  as  well  as  to 
that  in  England.  While  the  book  com- 
prises very  valuable  text  for  students,  it 
should  prove  of  use  when  attempting  to 
reduce  the  operation  of  the  power  plant 
to  a  scientific  basis.  E.  D.  d. 


"Art  of  Estimating  the  Cost  of  Work"^ 
William   B.   Ferguson.     97  pages,  5x8 
inches.     Published   by   The   Engineer- 
ing Magacine.    For  sale  by  The  Elec- 
tric Journal.    Price  $1.00. 
This  is  a  discussion  upon  the  system- 
atic collection   and   compilation   of   unit 
costs  for  estimating  purposes.    The  data 
has  been  compiled  by  the  author  in  con- 
nection   with    his    work    as    naval    con- 
structor. United  States  Navy,  and  most 
of   the   material   given    refers   to   naval 
practice.    Such  matters  as  riveting,  chip- 
ping, counter-sinking,  etc.,  are  gone  into 
quite  thoroughly. 


"Essentials  of  Electrical  Engineering" — 
John  Fay  Wilson.  345  pages ;  285  il- 
lustrations. Published  by  the  D.  Van 
Nostrand  Company,  New  York  City. 
Price  $2.50. 

This  is  a  fairly  elementary  textbook 
for  students  on  either  electrical  or  non- 
electrical enginering  courses  based  on 
the  author's  classroom  experience  as  in- 
structor of  electrical  engineering  at  tlie 


University  of  Michigan.  The  funda- 
mental laws  of  the  electric  circuit  are 
fully  developed,  after  which  the  study 
of  various  machines  is  taken  up,  such  as 
generators,  motors,  transformers,  elec- 
tric lamps,  meters,  storage  batteries  and 
power  transmission.  Appendixes  are  in- 
cluded on  harmonic  quantities,  induct- 
ance, capitance,  complex  quantity  and  re- 
suscitation  from  electric  shock. 


"Wireless     Telegraphy"  —  J.     Zenneck, 
translated     from    German    by    A.    E. 
Seelig.      443    pages,    469    illustrations. 
Published  by  McGraw-Hill  Book  Com- 
pany, New  York  City.     Price  $4.00. 
This  work  by  the  professor  of  physics 
at  the  Technical  High  School  of  Munich 
pays    most    attention    to    work    done    in 
Europe,    especially    in    Germany.      The 
commercial    forms    of    apparatus    men- 
tioned are  also  mostly  those  of  German 
manufacture.     The  theoretical  phases  of 
the    subject    are    gone    into    quite    thor- 
oughly.    Discussions   are  also  given  on 
high-frequency  machines   for  generating 
equipment.     Various  forms  of  receivers, 
transmitters  and  antennae  are  discussed 
and  described,  with  a  concluding  section 
on  directive  telegraphy. 


"Engineering     as     a     Career"  —  F.     H. 
Newell  and  C.  E.  Drayer.     226  pages. 
Published  by  D.  Van  Nostrand  Com- 
pany, New  York  City.     Price  $1.00. 
This  book  presents  suggestions  for  the 
guidance  of  young  men  considering  en- 
gineering   as    a    life    work    from    some 
twenty   successful   engineers   in   various 
lines  of  activity,  such  as  mechanical  en- 
gineering,   railway    engineering,    marine 
engineering,  mining,  etc. 
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I  THE  CURB  MflRKET) 


FOR  SALE 


Engine  and  Generator 

One  75  Kw.  Crocker-Wheeler  no  Volt  Generator, 
direct  connected  to  Russell  Automatic  Engine.  265 
r.p.m.  Steam  Separator.  Lubricating  De\*ice.  Su-itch 
Board  andilnstruments.  EXCELLE.N'T  COXDI- 
TION.     A  BARGAIN! 


RATES 

Positions  Vacant,  Positions  Wanted, 
Agents  and  Salesmen  Wanted — 3  cents  a 
word — minimum,  $1.50  an  insertion — pay- 
able in  advance. 

For  Sale,  Wanted  and  all  undisplayed 
miscellaneous  ads — 3  cents  a  word — mini- 
mum, I1.50  an  insertion.  Proposals — 12.00 
an  inch. 

Advertisements  in  display  type  costs  as 
follows  for  single  insertions: 
1-16  page.  I  400  1  in.  single  col..$  3.00 
I-  8  page.  8.00  4  in.  single  col.,  10.00 
I-  4  page.  16.00  8  in.  single  ool.,  20.00 
C(yntract  raUa  on  application 


HAWKINS  l/B/fA/fr  OF 

ELECTR  CITY 

In  6   Leather    jl    Pocket   Books 
Price      per  *         Volume 


Here  is  a  set  of  books  tl.,it  no  man  in  tbs 
ELECTRICAL  FIELD  sl.uuld  do  without. 
This  is  the  ELECTRICAL  AGE  in  which  wa 
live;  ELECTRICITV  now  controls  mora  trades, 
directs  more  men,  offers  more  opportunities  than 
any  other  power  that  man  has  yet  discovered. 
Do  you  wish  to  know  the  underlying  principles 
of  MODERN  ELECTR  I'M,  Plt.XCTlCE? 

If  so.  HAWKINS  ELECTHICAL  GUIDES  will  give 
you  the  information.  In  ruality  they  are  s 
school  within  themselves,  contnining  a  complete 
study  course  with  QUESTIONS.  ANSWERS 
AND  ILLUSTRATIONS,  written  in  plain 
everyday  language  so  th:;t  a  practical  roan  can 
understand  the  'HOW,  WHEN  AND  WHY" 
OF  ELECTRICITV. 


FOR  SALE 


Light  Plant  for  Sale 

Instrtmients.  switchboard,  exciter,  belts.  60  kw. 
generator.  100  hp.  engine.  125  hp.  boiler,  heater, 
pump,  piping,  etc..  the  complete  60  cycle,  1100  volt 
electric  light  plant  recently  shut  down  by  the 
Waterford  Electric  Light  Company.  Waterford, 
Pa.,  on  account  of  purchasing  power. 


Engine  Generator  Boiler 

One  28"  X  56"  X  48"  cross  compound  Rice  & 
Sargent  engine,  direct  connected  to  Westinghouse 
1200  K.VV..  3  phase.  60  cycle.  2300  v.,  90  R.P.M. 
generator,  including  Blake  Jet  Condenser,  bronze 
body.  Also  twelve  Babcock  &  Wilcox  water  tube 
boilers,  hp.  rating  390;  180  lbs.  pressure;  including 
piping,  suspensions.  Roney  Stokers  and  stoker 
drive.  Boilers  may  be  purchased  with  or  without 
stokers.  All  apparatus  in  excellent  condition, 
ready  for  immediate  delivery.  Address  Nar- 
ragansett  Electric  Lighting  Co-,  Providence.  R.  I. 


Engine  and  Generator 

High  speed  direct  connected  engine  and  A.C. 
generator.  2300  volt.  60  cycle.  3  phase.  400  or 
500  kw.  Also  belted  set  as  above. (Address 
Box  508.  Hazard.  Kentucky, 


Gas  Engine 

One''l4  horsepower  Otto  stationary  gas  engine, 
in  firstTciassJcondition.  Sperlich  &  UUig,  18  Pi- 
quetteJAve..  Detroit.  Mich. 


One  220  Kw.,  A.C.  60  cycle.  2200  volt,  two  phase 

^^■^    ^-^    ^~~~^  "^"^    ^"""  generator,  direct  connected  to  200  r.p.m.  Buckeye 

*'T|-|^^'5  JUST  WHAT  I  NEED*^  engine,  with  transformers  for  supplying  2200  volts. 

T^.               1,-1          II,         1        *3      LI    L.     ,  three  phase,  complete  with  barometric  condenser. 

l...k  i^    ».      ?j     i°^  *■  ^'i""Y'°  5"'ble  .black  niotor   driven   condenser   pump,    switchboard    in- 

leatherwMth  gold  edges  and  wm  really  go  in  the  struments    and    instrument    transformers.     Com- 

KlTTHP  CHpl^F^T^WOR^^^Prm  iIhIT;  p'«^  detaUsTuponlapplication  to  Wisconsin  Gas  & 

ON  ELECTRICITY       ^O^^''  PLBLISHED  Electric  Company.  Racine.  Wisconsin. 

Each   book  is  complete  in  itself  and  will  be  

supplied  $1.00  per  copy,  but  we  beUeve  that  the  ^      ■        ^               ,            .        „    . 

complete  set  is  the  best  bargain.  TurDO-Qenerators  for  Sale 

The   books  can  speak   for  themselves  and  >  t^      ^    ^     ,-                      .          _     .        .    . 
careful  examination,  page  by  page,  and  illustration  100  Kw.  1  urbo-Generator  units,     bach  umt  is  a 
by  illustration,  will  con\-ince  you  of  their  big  standard  high  pressure  De  Laval  turbine  direct  con- 
value,  nected  to  two  50  kw.  Moulton  generators.  '^These 

If  you  will  fill  out  the  following  coupon  giving  '^^  ^^^  '."  S^e  condition;  will  sacrifice  for  immed- 

all     the    information     requested.     WE     WILL  late  sale;  inspection  m^^ted.     H.  M.  Bruce.  Gndley 

SUBMIT     THE     SIX    VOLUMES     FOR  Bldg..  Sjxacuse.  N.  Y. 

EXAMINATION  ON  CONDITIONS  NAMED  

Two  Corliss  Engine  Bargains 

Ti.—    A..J..I  o  r»        .»o  eiu  «           fti        «/     .  One   75   hp.   Harris   Corliss,   left  hand;     wheel. 

TneO.  AUdel  &  Co.,  72  5th  Ave.,  New  Ycr.C  lo  ft.  x  iS  in..  90  revolutions;   complete,  fine  order. 

Please  submit  n^e  tor  examination  HAWKINS  ready  for  service.     Price  $400. 

ELECTRICAL  GUIDES  (Price  $1  each.)  One  150  hp.  Harris  CorUss.  left  hand;  wheeliott. 

Ship    at    once,    prepaid    the    6   numbers;   if  x  19  in.,  revolutions  8s.     Like  new.  ready  for  ser- 

satisfactory  I  agree  to  send  you  $1  within  sevec  vice.     Price  J6so.     H.   M.  Bruce.  Gndley  BIdg., 
days  and  to  further  mail  you  $1  each  month      ]    Syracuse,  N.  Y. 
until  paid. 

Signature.... Surburban  Lot  For  Sale 

Occupation I         Live  in  the  country  and  let  the  kiddies  play  in 

.  the   open.     Improved    Residence   Plot— Oakmont, 

Business  Address . .  Penna.     Lot  No.  62.  Southwest  comer  15th  and 

_  Oak  Streets.  175'  x  250' — Price  and  terms  reason- 

Heaidence able.     Apply  to  owner,  R.  J.  Dearborn,  76  William 

_  ,  St..  New  York. 

.  neiereDce v       £_  J  *1 6 

Please  mention  The  Electric  Journal  nhen  writing  to 


FREEE^TAMINATIONOFFE 


FOR  SALE 


of  changing  to  alternating  current, 
we  have  the  following  machines  for  sale;    all  guar- 
anteed to  be  in  first  class  condition: — 
I — i7HKw.  Type  M.P.  Form  H  General  Electric. 

125  Volt  D.C.  Generator,  compound  wound,  1175 

R.  P.  M. — complete  with  rails  and  pulley. 
I — 30  Kw.  Westinghouse  Type  M   12s  Volt,  950 

r.p.m.    D.C.    Generator,     compound     wound — 

complete  with  rails  and  pulley. 
I — 30  Kw.  General  Electric.  Type  M  P  Form  H  125 

Volt.  1050  r.p.m.  D.C.  Generator — complete  with 

rails  and  piilley,  and  switchboard.     Compound 

wound. 
I — 50  Kw.  Thompson-Ryan  125  Volt,  650  r.p.m. 

Compound    Wound    Generator — D.C.    complete 

^vith  rails  and  pulley. 
I — 60  Kw.  Thompson-Ryan  12s  Volt,  600  r.p.m. 

Compound    Wound    Generator — D.C.    conaplete 

with  rails  and  pulley. 
I — 280  Kw.  Western  Elec.   250  Volt.  Comi>ound 

Wound  Generator — D.C.  460  r.p.m.,  3  bearing 

heavy  base — complete  with  rails  and  pulley. 
I — 30   H.P.   220  v..  615   r.pjn.   Western   Elec. — 

shunt  wound  Motor.  Type  E-s  AOR.  complete 

with  rails,  pulley  and  starting  box. 
2 — 30  H.P.   220  v..  675   r.p.m.   Western   Elec. — 

Shunt  wound  motors.  Type  E-5  AOR,  complete 

with  rails,  pulley  and  starting  bos. 
2 — 10  H.P.   General   Elec.   Form   B.    1400  r.p.m 

Motors.    Shunt    Wound,    complete    with    rails 

pulley  and  starting  box. 
I — 40  H.P.  220  V.  Type  S  Westinghouse  Motor, 

5S0  r.p.m. — Shunt  wound,  complete  with  rails, 

pulley  and  starting  box. 
I — 20    H.P.    Westinghouse,    Type    S,    630   r.. 

Motor — Shunt     wound — complete     with     rails, 

pulley  and  starting  box. 
I — 30  H.P.  2  Ph.  60  Cy.  Fairbanks- Morse  Motor. 

220  v..  900  r.p.m..  complete  with  rails,  pulley  and 

starting  box. 
I— SO  H.P.  ^is  r.p.m.  Western  Elec.  Type  E-6 

AOR  Motor,  extended  shaft  on  each  end.     Com- 
plete with  rails,  pulley  and  starting  box. 
I— E.    P.    AUis   Horizontal   Girder   Frame.    Right 

Hand  CorUss  Engine,  18"  x  48",  3S"  ^  16'  split 

fly  wheel. 
I — Buffalo  Foree  Co.  9"  x  10"  High  Speed  Engine, 

Automatic  Crank,  fly  wheel  governor,  cast  iron 

sub-base. 
I — G.E.  Type  M  P  Class  4-30-100  Form  A.  920 

r.p.m.    IIS   V.    Compound   Wound    Generator, 

complete  with  slide  rails,  pulley  and  switchboard. 

International  Shoe  Co., 

St.  Louis.  Mo. 


Kansas  City  Armature  Works 

Electrical    Machinery   Repaired  and  Commut 

ators    Rebuilt    Mining    and    Locomotive 

Armatures  Rewound  A.  C.  Windings 

1920  Wyandotte  Street 


IMPORTANT  AUCTION 


At  Vancouver,  B.  C.  of  the  Contracting  Equip- 
ment formerly  used  by  the 

B.  C.  ELECTRIC  RAILWAY  CO,  LTD. 

on  construction  work  at  Lake  Buntzen  and  Coquit- 
1am  Lake.     Originally  costing  ^250,000. 

Including: — New  Baldwin  Locomotive  and 
Tender.  Air  Compressors .  M ining  Locomoti ves. 
Logging  and  Yarding  Engines,  Stationary  Engines, 
Hoists.  Motors,  Pumps.  24  Niechanical  Stokers 
(ne),  2  Lidgerwood  Panama  Type  Cableways  (com- 
plete) 1. 100  feet  and  1,200  feet  span,  2  1-2  inch 
Cable,  Boilers,  Drills.  Tunnel  Bars.  20  tons  of  Hol- 
low Round  and  Octagonal  Drill  Steel,  etc. 

Will  be  sold  by  Public  Auction  during  April. 
Catalogues  on  application  to  the  Auctioneers. 

F.  GRIFFIN  &  CO. 

448  Seymour  Street  „„  .  31 1  California  Street 
Vancouver,  B.  C.      °"°   San  tranclsco,  Cal. 
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,,  One  ot  the  difticulties  encountered  by 

How  to  ,         .  .  .  .u 

central  station  representatives  in  their 

Analyze  Costs  efforts  to  .extend  the  use  of  electric 
service  among  manufacturing  concerns  is  in  getting  a 
basis  of  mutual  understanding  as  to  what  central  sta- 
tion service  will  cost  as  compared  with  the  costs  actually 
obtained  with  some  other  source  of  power.  A  power 
salesman  can  usually  explain  his  rates,  either  directly  or 
in  the  form  of  an  estimate  of  total  cost,  in  such  a  way 
that  the  manufacturer  receives  a  definite  impression  re- 
garding the  financial  phase  of  the  proposal. 

However,  when  an  attempt  is  made  to  compare  this 
estimate  with  the  previous  costs  of  operation,  it  is  often 
found  that  the  power  costs  have  not  been  given  any  spe- 
cial attention,  except  as  to  such  items  as  fuel,  labor,  etc. 
When  these  items  are  added  and  compared  with  the 
central  station's  estimate — a  not  infrequent  procedure — 
they  may  give  the  impression  that  the  purchase  of  power 
would  nr;  be  advisable.  Under  such  circumstances  it 
becomes  necessary  for  the  central  station  organization 
to  make  a  complete  analysis  of  the  situation  by  secur- 
ing as  accurate  data  as  possible  on  the  various  items 
which  properly  should  be  included  in  any  adequate  cost 
determination,  including  space  rental  value,  repairs,  de- 
preciation, interest,  taxes,  insurance,  indirect  expenses, 
supervision,  etc.  Such  an  analysis,  when  properly  pre- 
sented, is  not  only  effective  in  securing  new  business,  but 
often  is  also  much  appreciated  by  the  manufacturer,  as 
it  gives  him  an  insight  into  the  accounting  methods  of 
the  most  progressive  concerns.  He  realizes  that  an  ex- 
perienced power  man  has  investigated  many  industries 
and  that  his  methods  are  the  result  of  his  observations 
secured  both  before  and  after  central  station  service  has 
been  introduced. 

The  central  station  industry  has  shown  a  commend- 
able spirit  of  co-operation  in  helping  manufacturing  con- 
cerns to  analyze  their  power  problems.  But  even  the 
working  out  of  the  correct  method  of  figuring  costs 
does  not  solve  the  entire  problem.  If  the  manufacturer 
once  realizes  the  value  of  a  power  cost  system,  he  will 
naturally  wish  to  apply  a  similar  system  to  his  entire 
organization.  In  its  fundamentals  such  a  factory  cost 
system  is  outlined  in  the  present  issue  of  the  Journal 
in  an  article  by  Mr.  C.  B.  Auel,  entitled  "Methods  of 
Figuring  Costs."  In  this  article  the  author  takes  as  a 
typical  example  a  small  machine  shop  and  works  out, 
step  by  step,  in  actual  figures,  the  various  items  entering 
into  manufacturing  costs.  With  such  an  elementary 
analysis  at  hand  it  should  be  a  comparatively  easy 
matter  for  any  small  manufacturer  to  substitute  his  own 
conditions  and  to  determine  whether  the  methods  here 
outlined  can  be  applied  effectively  to  his  own  problem. 


Direct-Current  ^^  '^  present  in  this  issue  in  a  slightly 
Electrification     ^"°"'^^"*'^^  ^o""'"  '^e  paper  read  before 
„        J       1  ^'^^    Institution    of    Electrical    Engi- 

btandards  ^^^^^.^^  ^^  London,  by  Mr.  N.  W.  Storer 
on  "The  Use  of  Direct  Current  for  Terminal  and  Trunk 
Line  Electrification."  In  this  article  the  whole  situation 
with  reference  to  the  possibilities  of  direct  current  for 
heavy  traction  service  is  reviewed  in  detail. 

After  pointing  out  the  great  advantages  of  the  series 
motor  with  field  control  and  regenerative  braking,  the 
author  reviews  the  advances  in  direct-current  voltages 
and  the  complications  that  were  introduced  by  the  ne- 
cessity for  interchangeable  operation  over  systems  hav- 
ing different  voltages  and  different  locations  of  contact 
conductors.  The  conclusion  is  inevitable  that  a  certain 
amount  of  standardization  is  advisable  in  the  imme- 
diate future.  It  was  recommended  especially  that 
standard  locations  for  contact  conductors  be  agreed 
upon  in  Great  Britain,  as  has  already  been  done  in  the 
United  States;  further,  that  6oo  volts  should  continue 
to  be  the  standard  for  heavy  multiple-unit  service  for 
suburban  work,  and  that  one  other  high  voltage  be  de- 
termined upon  as  a  tentative  standard  for  trunk  line  ser- 
vice, which  could  be  decided  upon  after  careful  consid- 
eration by  all  parties  interested. 

The  paper  presented  by  Mr.  Clarence  Renshaw  be- 
fore the  American  Institute  of  Electrical  Engineers,  at 
New  York,  April  14th,  on  the  subject,  "High- Voltage, 
Direct-Current  Railway  Practice,"  covers  somewhat  the 
same  ground  in  this  respect.  Mr.  Renshaw  gave  some 
interesting  data  on  the  operation  of  the  5000  volt  direct- 
current  car  equipment  which  was  described  in  our 
October,  191 5  issue,  and  brought  the  operating  records 
of  the  equipment  up  to  date.  On  March  1st  this  equip- 
ment had  run  over  30000  miles,  and  during  the  four 
months,  November,  December,  January  and  February, 
which  on  account  of  weather  conditions  are  ordinarily 
considered  the  worst  in  the  year,  the  car  ran  23  320 
miles,  or  an  average  of  5830  per  month.  Considering 
that  this  was  made  with  a  schedule  speed  of  only  15 
miles  per  hour,  the  result  is  extremely  satisfactory. 
Neither  motors  nor  high-voltage  switch  groups  have 
to  date  shown  any  defect  that  can  be  attributed  to 
the  high  voltage.  On  account  of  the  great  success  of 
this  equipment,  Mr.  Renshaw  suggests  5000  volts  as 
a  proper  "bogie"  for  high-voltage,  direct-current  rail- 
ways. While,  of  course,  it  is  too  early  for  the  adop- 
tion of  any  voltage  as  a  final  standard  for  direct- 
current  railway  electrification,  Mr.  Renshaw's  sugges- 
tion is  very  timely,  as  it  should  tend  to  minimize  the 
number  of  diflferent  voltages  with  their  attendant  dis- 
advantages. 


Mechanical  Considerations  in  the  Design  of 

Railway  Motors 


R.  E.  Hellmunu 

Railway  Engineering  Dept., 

W'estinghouse  Electric  &  Mfg.  Company 


ONE  of  the  principal  conditions  to  be  provided  for 
in  designing  a  railway  armature  is  that  the  arma- 
ture shaft  can  be  replaced  in  case  of  damage 
without  disturbing  the  core  or  the  windings  located 
thereon.  The  easiest  way  to  accomplish  this  result  is  to 
use  a  cast  steel  or  malleable  iron  spider  as  a  support  for 
the  punchings  mounted  on  the  shaft.  This  construction 
has  given  most  satisfactory  results  for  many  years  and 
is  still  the  most  desirable  solution  of  the  problem  in  the 
case  of  the  larger  railway  motors  with  armature  diam- 
eters of  15  inches  and  larger.  The  spider,  besides 
facilitating  the  removal  of  the  shaft,  also  has  the  ad- 
vantage of  considerably  stiffening  the  whole  structure. 
With  small  diameter  railway  motors  of  the  ventilated 
type,  especially  those  motors  for  small  wheel  diameters, 
the  space  conditions  are  such  that  there  is  hardly  room 
enough  for  a  spider  between  the  punchings  and  the  shaft 


FG.   I — JIG  FOR  REMOVING  SHAFT  OF  R.\ILW.\Y    MOTOR  WITHOUT 
TE.\RING    DOWN    THE    ARMATURE 

after  providing  for  sufficient  magnetic  core  iron  under 
the  coils  and  sufficient  ventilating  ducts.  With  such 
motors  it  was,  therefore,  necessary  to  find  means  for 
conveniently  replacing  the  shaft  without  the  use  of  a 
spider.  One  of  the  early  constructions  for  this  purpose 
is  shown  in  Fig.  i.  When  replacing  a  shaft  in  this  case 
it  is  necessary  to  insert  the  bolts  A  into  tapped  holes  B 
in  the  casting  C,  and  hold  the  core  together  by  means  of 
these  bolts,  ring  D  and  the  nuts  E,  while  the  shaft  is 
pressed  out  and  pressed  in.  The  ventilating  fan  and 
rear  wiper  ring  have  been  removed  to  give  a  solid  seat 
to  D.  The  principal  difficulty  experienced  with  this  con- 
struction is  that  the  tapped  holes  B  are  liable  to  fill  up 
with  dirt  and  rust  during  operation,  making  the  inser- 
tion of  the  bolts  difficult.  A  later  method  with  which 
two  rings  may  be  used,  together  with  through  bolts  A, 
is  shown  in  Fig.  2.  The  armature  core  and  commutator 
spider  have  to  be  designed   in  this  case  with   straight 


holes  all  the  way  through.  This  construction  has  been 
in  use  for  a  number  of  years  with  complete  success. 
Liberally  dimensioned  shaft  diameters  inside  the  core 
have  reduced  shaft  breakage  to  a  negligible  amount,  and 
wherever  shaft  replacements  were  necessary  they  have 
been  accomplished  without  difficulty. 

Properly  designed  supports  for  the  end  extensions  of 
the  armature  coils  are  also  absolutely  necessary  in  con- 
nection with  the  core  design  of  railway  motors.  These 
supports  are  usually  arranged  to  give  mechanical  protec- 


TAPPED  THBOUGH  BOUS 


FIG.   2 — MORE  RECENT  JIG   FOR   SHAFT 

Showing  jig  alone  and  front  and  rear  views  of  armature  with 
jig  in  position. 

tion  to  the  coil,  besides  serving  as  a  support,  as  shown 
in  Fig.  3. 

The  construction  for  holding  the  punchings  on  the 
spider  or  the  shaft  must,  of  course,  be  such  as  to  avoid 
their  loosening  under  the  very  severe  vibrations  which 
are  encountered  in  railway  service.  A  certain  amount 
of  trouble  from  loose  punchings,  which  usually  results 
in  damage  to  the  armature  winding,  has  been  experi- 
enced with  motors  in  the  past.     The  up-to-date  construe- 


THE    ELECTRIC   JOURNAL 


tions  shown  in  Figs.  3  and  4,  however,  have  never  given 
any  trouble  of  this  kind.  The  punchings  are  pressed  on 
and  tightened  with  powerful  hydraulic  presses  and  sub- 
sequently held  in  place  by  a  ring  nut,  which  has  practi- 
cally no  chance  to  get  loose. 

In  designing  the  teeth  and  slots  of  the  armature  core, 
special  attention  should  be  paid  to  the  desirability  of 
having  large  teeth  which  will  not  bend  over  easily  in 
case  the  armature  rubs  against  the  poles  or  other  sim- 


Vtiijlatoifilacls 


FIG.   3 — CROSS    SECTION    OF    TYPICAL   R.AILWAV    ARM.\TURE 

Showing  parts  as  they  are  mounted  on  the  armature  shaft. 

ilar  conditions  which  cannot  altogether  be  avoided  in 
railway  service.  This  naturally  leads  to  armatures  with 
rather  few  large  slots  and  teeth.  It  is  further  desirable 
to  avoid  any  sharp  corners  along  the  inner  slot  surface 
which  are  liable  to  injure  the  insulation  of  the  coils.  The 
omission  of  the  radial  ducts  made  possible  by  the  recent 
advent  of  the  fan  type  motor  is,  therefore,  very  de- 
sirable. 

As  a  matter  of  course,  it  is  very  desirable  to  design 
the  armature  cores  with  relatively  small  diameters  in 
order  to  keep  the  peripheral  speed  low,  since  high  peri- 
pheral speeds  make  it  difficult  to  keep  the  windings 
properly  secured  against  movement  caused  by  centri- 
fugal force.  A  certain  amoimt  of  trouble  caused  by 
loose  armature  bands  and  armature  coils  is  known  to 
every  railway  man,  and  it  is  evident  that  these  troubles 
will  be  less,  the  smaller  the  centrifugal  force,  which  in 
turn  requires  a  smaller  peripheral  speed  and  hence, 
smaller  armature  diameter.  This  particular  point  is 
usually  not  of  very  great  importance  with  motors  up  to 
about  70  horse-power  rating  at  600  volts.  The  armature 
diameters  of  these  motors  are  usually  so  small  as  not  to 
lead  to  excessive  peripheral  speeds.  With  larger  motors, 
however,  the  subject  of  peripheral  speeds  and  armature 
diameter  is  usually  of  prime  importance  and  deserves 
very  careful  consideration.  As  in  all  other  matters  of 
design,  the  choice  of  armature  diameter  is  a  question  of 
compromise;  especially  in  smaller  motors,  where  peri- 
pheral speed  is  usually  not  excessive,  it  is  not  the  best 
practice  to  choose  the  armature  diameter  too  small,  be- 
cause by  so  doing  valuable  space  for  ventilating  ducts 
inside  the  armature  core  would  be  lost. 

ARMATURE    COILS 

As  previously  mentioned,  it  is  usually  desirable  to 
design  armature  cores  with  rather  few  large  teeth.  A 
small  number  of  teeth  means  a  small  number  of  coils, 
which  is  also  a  desirable  feature,  because  the  chances  of 


coil  breakdowns  to  ground  are  thus  reduced.  P'ew 
and  large  coils  are  further  desirable,  because  larger  coils 
are  naturally  stifi'er  and  less  liable  to  move  and  bend 
under  service  conditions.  A  stiff  coil  is  especially  de- 
sirable, because  it  tends  to  reduce  the  movement  of  the 
end  extensions  of  the  coil  which,  if  present,  often  lead 
to  the  breakage  of  the  coil  leads  to  the  commutator.  Of 
course,  it  is  again  necessary  to  compromise,  because  too 
large  coils  are  not  as  favorable  for  commutation,  al- 
though it  is  usually  possible  with  commutating-pole  ma- 
chines to  obtain  satisfactory  results  with  fairly  large 
coils.  It  is  further  to  be  considered  that  too  large  coils 
may  get  so  stiff  as  to  make  the  rewinding  of  the  arma- 
ture difficult.  In  designing  the  end  connections  it  is  nec- 
essary to  provide  sufficient  insulation,  but  to  avoid  at 
the  same  time  unnecessary  thickness  of  insulation  be- 
tween the  two  layers.  The  reason  for  this  is  that  un- 
necessary insulation  increases  the  chances  for  shrinkage 
and  consequent  movement  of  the  coil  extensions  which, 
in  turn,  may  lead  to  breakage  of  armature  leads. 

As  previously  mentioned,  it  is  essential  to  avoid  any 
contact  of  the  armature  coils  with  sharp  corners  of  the 
core,  because  no  matter  how  well  the  coil  is  insulated,  its 
weakest  point  will  always  be  where  it  touches  a  corner. 
The  introduction  of  reinforcing  insulating  U-pieces 
where  the  coil  leaves  the  armature  core  has,  therefore, 
been  found  of  very  great  value  in  avoiding  armature  coil 
breakdowns.  All  armature  coils  should,  of  course,  be 
of  uniform  shape  in  order  to  facilitate  winding  as  well 
as  repairs. 

In  order  to  avoid  shrinkage  of  the  insulation  and 
consequent  looseness  of  the  armature  coils  in  the  slots, 
which  often  results  in  chafing  and  breakdowns  of  the 
insulation,  it  is  desirable  to  have  the  coil  insulation  and 
the  wires,  in  the  case  of  wire-wound  coils,  compressed 
as  tnuch  as  possible  before  the  coils  are  put  into  the  ma- 
chine. For  this  reason  the.  practice  of  hot  pressing  the 
straight  part  of  the  armature  coils  is  very  desirable.  The 
pressing  should,  of  course,  be  done  at  such  a  time  and  in 
such  a  manner  as  to  avoid  injury  to  the  insulation  dur- 
ing the  process  of  pressing.  Coils  wound  of  cotton- 
covered  wire  and  with  a  wire  covering  of  fibrous  ma- 


FIG.   4 — .XRM.M'URE   SPIDER  AND   RING   NUT 

terial  should  be  pressed  before  the  outer  insulation  is 
put  on  the  coil,  while  strap-wound  coils  with  mica 
wrappers  may  safely  be  pressed  after  they  are  com- 
pleted, as  there  is  no  liability  of  the  flat  strap  surface 
injuring  the  outside  insulation  during  the  process  of 
pressing. 

ARMATURE    BANDING 

The  banding  of   the  armature  should   be   designed 
most  carefully  so  as  to  give  maximum  strength  in  the 
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bands  to  resist  the  centrifugal  force  of  the  coils,  with  a 
large  margin  of  safety.  On  the  other  hand,  too  wide 
and  too  many  bands  are  not  desirable,  because  there  are 
certain  losses  from  eddy  currents  in  the  bands.  The  use 
of  a  strip  of  tin  under  the  band  wire  and  clips  to  hold 
the  band  wires  together  has  been  found  to  increase 
their  life  and  durability  considerably.  In  banding  an 
armature,  care  should  be  taken  that  sufficient  fillers  are 
put  into  the  slot  to  have  the  coils  stick  out  of  the  slots 
at  the  core  portions  where  the  bands  are  to  be  located. 
The  amount  of  the  coil  sticking  out  and  the  pressure 
used  in  putting  on  the  bands  should  be  such  that  after 
the  banding  is  completed  the  coil  is  flush  with  the  top  of 
the  teeth  and  that  the  band  actually  rests  on  the  top  of 
the  teeth.  In  order  to  get  the  maximum  amount  of 
compression  of  the  coil  during  the  course  of  banding 
with  a  minimum  amount  of  subsequent  shrinkage  of  the 
coil  in  service,  it  is  very  desirable  to  do  the  banding 
while  the  armature  is  hot,  because  the  insulating  ma- 
terial is  most  pliable  in  a  hot  condition.  It  will  be  found 
that  the  armature  coil  may  be  made  to  stick  out  of  the 
slots  considerably  more  when  the  banding  is  done  hot, 
assuming  that  in  all  cases  the  banding  brings  the  coil 
down  to  be  flush  with  the  tooth.  From  the  above  con- 
siderations it  is,  of  course,  evident  that  hot  banding  will 
only  be  of  advantage  over  cold  banding  when  it  is  made 
to  accomplish  a  greater  compression  of  the  coil  during 
banding.  This  means  that  the  hot  banding  is  only  good 
if  the  coil  is  made  to  stick  out  more  above  the  tooth 
before  the  hot  banding  than  is  possible  with  cold  band- 
ing. The  use  of  temporary  bands  on  the  armature  be- 
fore putting  on  the  final  bands  is  also  considered  good 
practice. 

C0MMUT.\T0R 

One  of  the  principal  considerations  in  the  design  of 
commutators  is,  of  course,  keeping  the  commutator  parts 
tight  in  service  and  avoiding  high  bars.  In  the  past 
certain  trouble  from  loose  commutator  bars  has  been 
experienced  with  the  ring  nut  construction  shown  in 
Fig.  5.    This  trouble  was  largely  eliminated  by  the  intro- 


FIG.   5 — RAILW.W   COMMUTATOR 

a — Ring  nut.  c — Complete  commutator. 

b — Front  V  ring.  d — Spider. 

duction  of  the  bolted  commutator  construction,  as  shown 
in  Fig.  6.  With  very  large  commutators,  the  bolted  con- 
struction is  still  the  only  safe  method  of  holding  the 
commutator  together,  because  the  proper  tightening  of 
a  large  ring  nut  is  rather  difficult.  The  methods  ot 
manufacturing  the  mica  V-rings  and  ageing  the  com- 
mutators   under    heat    have,    however,    improved    so 


much  in  recent  years  that  the  use  of  a  ring  nut  in  small 
and  medium  size  commutators  has  become  fully  as  safe 
as  the  bolted  construction.  For  this  reason,  and  espe- 
cially because  the  ring  nut  construction  permits  better 
ventilation  beneath  the  commutator  in  connection  with 
fan  type  motors,  the  use  of  the  ring  nut  construction 
has  become  quite  common  again  during  recent  years.  A 
ring  nut  type  of  commutator 
for  a  ventilated  motor  is 
shown  in  Fig.  5. 

One  of  the  most  impor- 
tant improvements  in  com- 
mutator design  during  recent 
years  has  been  the  under- 
cutting of  the  mica  between 
the  bars.     It  mav  safelv  be 


FIG.   6 — TYPICAL   BOLTED   COM- 
MUTATOR CONSTRUCTION 


no.   7 — TYPICAL   EARLY 
BRUSHHOLDER 

Westinghouse  No.  12-A 
motor. 


Stated  that  this  feature  has  done  fully  as  much,  if  not 
more,  for  the  perfection  of  the  railway  motor  than  the 
introduction  of  the  commutating  poles.  The  results  are 
so  favorable  that  even  the  smallest  railway  company 
cannot  afford  to  buy  motors  without  undercut  com- 
mutators and  should  arrange  for  an  inspection  and 
maintenance  system  for  keeping  the  commutators  prop- 
erly undercut  at  all  times.  The  expense  incurred  by 
such  maintenance  is  almost  negligible  as  compared  to  the 
saving  accomplished  in  commutator  and  brush  wear.  As 
a  matter  of  fact,  it  is  known  that  properly  undercut  com- 
mutators in  commutating-pole  motors  have  never  worn 
out  so  that  they  had  to  be  replaced  on  that  account,  and 
this  in  spite  of  the  fact  that  it  has  been  found  possible 
and  advisable  to  reduce  the  commutator  wearing  depth 
of  modern  motors  to  about  half  that  of  the  older  motors. 
Wherever  any  appreciable  amount  of  commutator  wear 
is  noticed  in  connection  with  properly  undercut  com- 
mutating-pole motors,  it  is  safe  to  say  that  it  can  always 
be  traced  to  some  unusual  cause.  Among  these  may  be 
mentioned  the  use  of  improper  and  abrasive  carbons  not 
designed  for  undercut  commutators,  excessive  brush 
pressure  or  the  presence  of  abrasive  sands  found  in 
some  localities. 

BRUSH  HOLDERS 

The  design  of  the  brushholder  with  its  inherently 
small  parts  so  as  to  stand  up  under  very  severe  condi- 
tions of  railway  work  is  one  of  the  most  difficult  prob- 
lems in  railway  motor  design.  Additional  difficulties 
have  been  experienced  since  the  use  of  shunts  between 
the  carbon  and  the  brushholder  has  practically  been 
abandoned  in  railway  work. 

One  condition  to  be  fulfilled  in  the  design  of  a  brush- 
holder  is  that  a  certain   fixed  and  most  advantageous 
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pressure  is  exerted  upon  the  carbon  and  that  this  pres- 
sure is  kept  uniform  and  in  proper  direction.  The  use 
of  a  pivoted  harness  for  the  pressure  hammer  has  been 
found  advantageous  for  accomplishing  this  result,  be- 
cause such  a  harness  causes  the  hammer  to  rest  in  the 
proper  place.  A  number  of  brushholders  without  such 
harness  have  been  used  with  more  or  less  success  with 
proper  inspection ;  such  brushholders  introduce,  how- 
ever, a  certain  danger  that  the  hammer  may  rest  on  the 
brushholder  instead  of  on  the  carbon,  as  shown  in  Fig.  7. 
Another  condition  to  be  fulfilled  is  that  the  brush 
should  follow  small  irregularities  of  the  commutator 
surface  quickly,  and  this  can  be  best  accomplished  if  the 
masses  to  be  moved  up  and  down  with  the  brushes  are 
kept  small.  For  this  reason  many  brushholder  designs 
include  a  small  vibration  spring  lietwcen  the  harness  and 


FIG.   8 — liET.MI.S   OF   TS  PICAI.    MODERN   R.MI.WAY   BRUSHHOLDER 

the  hammer  so  that  the  carbon  can  move  without  moving 
the  mass  of  the  harness.  However,  as  the  mass  of  the 
harness  is  very  small  in  many  cases,  this  refinement  is 
not  always  necessary.  For  the  above-mentioned  reason, 
i.  e.,  for  reducing  masses,  it  is  always  desirable  to  keep 
the  weight  of  the  hammer  proper  as  small  as  possible. 

The  shape  of  the  hammer  has  been  given  much  con- 
sideration. The  shape  and  size  of  hammer  shown  in 
Fig.  8  has  been  used  for  quite  a  number  of  years  and  has 
given  good  results  in  connection  with  non-commutating 
pole  motors.  In  commutating-pole  motors,  however,  it 
was  found  that,  on  account  of  the  long  life  of  the  car- 
bons, the  hammer  would  wear  considerably  into  the  top 
of  the  carbon  before  the  carbon  was  worn  out.  This  re- 
sults frequently  in  chipping  and  breakage  of  the  carbon 
on  top,  as  shown  in  Fig.  9.  In  certain  places  a  smaller 
and  lighter  hammer  was  tried  out  and  found  to  give 
better  results,    ^^'hile  the  smaller  hammer  has  less  con- 


tact surface,  it  does  not  wear  into  the  carbon  any  more 
than  the  large  hammer  and  has,  moreover,  the  advantage 
of  less  weight  and  is,  therefore,  less  liable  to  strike  a 
blow  on  top  of  the  carbon.  It  is  also  quite  likely  that 
less  breakage  was  obtained  because  the  distance  between 
the  hammer  groove  and  the  sides  of  the  carbon  is  in- 
creased and,  therefore,  the  carbon  is  less  liable  to  break 
through.  In  especially  severe  service,  it  has  been  found 
that  a  large  flat  hammer,  while  not  entirely  eliminating 
carbon  breakage,  will  reduce  it  to  a  negligible  amount. 
For  carbons  of  small  and  medium  size,  a  flat  or  slightly 
curved  narrow  hammer  extending  across  the  thickness 
of  the  carbon  has  given  the  most  satisfactory  results. 
The  very  slight  wear  experienced  in  this  case  is  of  no 
practical  importance,  because  it  does  not  lead  to  any 
carbon  breakage  on  the  top  of  the  carbon. 

Another  difficulty  experienced  with  the  brushholder 
is  a  certain  amount  of  wear  on  the  sides  of  the  carbons 
and  inside  of  the  brushholder  box.  With  non-com- 
mutating  pole  motors  and  commutators  without  under- 
cutting, carbon  wear  on  the  commutator  surface  was  so 
rapid  that  the  side  wear  of  the  carbons  had  no  time  to 
develop.  With  undercut  commutating-pole  motors,  how- 
ever, the  carbons  wear  so  slowly  lengthwise  that  the  side 


FIG.  9 — TYPICAL  CARBON  WEAR  AND  BREAKAGE   FROM 
HAMMER   POUNDING 

wear  becomes  at  times  appreciable  before  the  carbon  is 
worn  out.  Both  the  hammer  wear  and  the  side  wear  of 
the  carbons  is  caused  by  small  arcs  forming  between  the 
carbon  and  the  hammer  and  between  the  carbon  and  the 
brushholder.  Such  arcs  are  formed  by  the  vibration  of 
the  carbon  inside  of  the  box,  and  by  sand  particles  get- 
ting in  between  the  box  and  the  carbon,  conditions 
which  are  unavoidable  in  railway  work.  The  only  way 
to  avoid  side  and  top  wear  entirely  is,  therefore,  to  intro- 
duce a  low  resistance  shunt  between  the  carbon  and  the 
brushholder.  However,  as  shunts  are  considered  im- 
practical by  railway  operating  men,  a  certain  amount 
of  side  and  top  wear  cannot  be  avoided.  The  amount 
of  wear  experienced  depends  largely  upon  the  vibra- 
tions to  which  the  motor  is  subjected  in  service,  and 
upon  the  amount  of  sand,  etc.,  getting  in  between  the  box 
and  the  carbon.  This  in  turn  depends  upon  the  flexi- 
bility of  the  motor  suspension,  the  speed  and  condition 
of  the  track,  etc.  It  has  been  found,  for  instance,  that 
in  localities  where  the  cars  stop  on  the  near  side  of  the 
street  and  where  the  motors,  therefore,  carry  heavy  ac- 
celerating current  while  the  car  is  crossing  other  tracks, 
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at  a  good  many  places  the  side  wear  of  the  carbons  is 
quite  excessive.  The  vibration  of  the  carbons,  and 
the  chances  for  sand  getting  in  between  the  box  and 
the  carbons,  of  course  depends  somewhat  upon  the 
clearance  between  the  carbon  and  the  box.  With  new 
motors,  carefully  machined  brushholder  boxes  and 
proper  size  of  carbons,  the  side  wear  can  usually  be 
kept  reasonably  small  even  under  severe  service  con- 
ditions. As  any  box  will  wear  slightly  in  time,  how- 
ever, and  since  most  railway  companies  do  not  cali- 
brate their  carbons  so  as  to  make  them  fit  the  box 
closely,  the  side  wear  of  older  motors  is  often  quite 
noticeable.  It  is  more  or  less  a  question  of  opinion  as  to 
whether  this  is  a  serious  matter.  The  writer  does  not 
know  that  the  side  wear  found  in  many  localities  has 
ever  caused  any  serious  trouble  to  the  motors.  It  is, 
however,  quite  possible  that  large  clearance  between  the 
carbons  and  the  box  which,  of  course,  exists  after  a  cer- 
tain amount  of  side  wear,  brings  about  some  of  the 
breakage  of  the  carbons,  and  it  is  not  unlikely  that 
broken  particles  of  the  carbon  are  responsible  for  some 
motor  flashing  by  getting  between  the  commutator  and 
the  carbons.  It  might  finally  be  mentioned  that  the  side 
wear  is  somewhat  affected  by  the  grade  of  carbon  used 
and  possibly  by  the  material  of  the  brushholder.  Also, 
the  side  wear  will,  of  course,  be  the  larger  the  less  the 
amount  of  current  carried  off  by  the  hammer  on  top  of 
the  carbon  and  the  greater  the  current  which  has  to  pass 
from  the  carbon  to  the  brushholder  box.  For  this  rea- 
son it  is  very  essential  that  the  shunt  between  the  ham- 
mer and  the  brushholder  he  maintained  in  first-class 
condition. 

The  proper  design  and  good  maintenance  of  the 
shunt  is  not  only  of  importance  on  account  of  the  carbon 
side  wear,  but  also  because  bad  or  broken  shunts  will 
also  lead  to  excessive  wear  of  the  pins  supporting  the 
ratchet  wheel  and  of  the  inside  of  the  ratchet  wheel.  It 
has  been  found  under  some  conditions  with  broken 
shunts  that  the  pin  had  worn  halfway  through  within  a 
couple  of  months.  Similar  damage  has  been  noticed  in 
other  cases.  All  this  wear  is  caused  by  the  current  pass- 
ing from  one  part  to  the  other  and  by  the  small  arcs 
formed  between  the  parts  when  a  separation  takes  place 
on  account  of  vibration.  If  the  shunt  is  carrying  the 
current  from  the  hammer  to  the  brushholder  body 
proper,  all  such  wear  is,  of  course,  eliminated  or  reduced 
to  a  negligible  amount.  Since  the  material  used  for  the 
shunt  is  very  liable  to  break  or  wear  through  under 
vibration,  it  is  essential  to  design  the  shunt  so  that  it 
has  the  minimum  vibration  and  so  that  it  cannot  be 
chafed  through  by  contact  with  the  edges  of  the  brush- 
holder  parts.  It  is  further  essential  that  a  shunt  should 
not  only  be  heavy  enough,  but  also  that  it  should  form 
good  contact  with  the  brushholder  parts  at  both  ends. 
Since  ordinary  solder  between  the  hammer  and  the 
shunt  is  liable  to  melt  during  severe  overloads,  special 
methods  of  brazing  have  recently  been  devised  to  insure 
good  and  permanent  contact  between  the  hammer  and 
the  shunt. 


The  brushholder  spring  should  be  arranged  to  give 
fairly  uniform  pressure  over  the  wearing  distance  of  the 
carbon.  The  choice  of  material  must  be  such  that  the 
spring  does  not  lose  its  temper  with  such  temperatures 
as  are  experienced  in  railway  motors.  A  flat  ribbon 
steel  spring,  as  shown  in  Fig.  8,  fills  this  condition  best, 
since  it  has  a  bigger  section  and  is  much  less  liable  to 
be  damaged  during  manufacture  than  a  thin  wire  spring. 

It  is  generally  considered  advisable  to  build  a  brush- 
holder  so  that  the  brush  tension  can  be  adjusted  with  the 
brushholder  in  the  motor,  and  the  ratchet  and  pawl  ar- 
rangement, as  shown  in  Fig.  8,  has  so  far  been  found  the 
best  to  fill  this  condition,  although  some  other  similar 
constructions  have  given  satisfactory  results.  It  is  quite 
true  that,  in  most  cases,  the  adjustability  of  brush- 
holders  niay  be  an  unnecessary  refinement.  However, 
as  the  most  desirable  brush  pressure  depends  not  only 
upon  the  motor  design,  but  also  upon  the  conditions  of 
the  road,  choice  of  carbon,  etc.,  it  is  in  many  cases  quite 
desirable  to  be  able  to  readjust  the  brushholder  tension 
after  the  motors  have  been  put  in  service. 

The  brushholder  casting  proper  should,  of  course, 
be  of  such  material  and  of  such  design  as  to  avoid 
breakage  under  the  severe  shocks  to  which  it  is  sub- 
jected in  service.  The  use  of  two  insulated  pins  pressed 
into  the  brushholder  with  porcelain  insulators  to  provide 
a  creepage  distance,  as  shown  in  Fig.  8,  has  been  found 
very  satisfactory  during  many  years  of  experience.  The 
pins  are  arranged  radially  to  the  commutator  so  that,  if 
the  brushholder  is  moved  up  and  down  according  to  the 
wear  of  the  commutator,  the  position  of  the  brush- 
holders  on  the  commutator  will  not  be  changed. 

BRUSHES 

Many  jjoints  regarding  the  brushes  have  been 
touched  upon  in  connection  with  the  discussion  of  the 
brushholder  and  in  connection  with  a  previous  article 
on  commutation  and  flashing,*  and  only  a  few  points 
need  to  be  added  here. 

In  designing  a  motor,  it  is  usually  desirable  not  to 
have  the  brushes  too  thin,  as  they  are  then  more  subject 
to  breakage.  In  most  motors  a  thickness  of  Y?,  and  J4 
inch,  and  in  small  motors  of  Y^  inch,  gives  the  best 
results  in  actual  service.  Special  attention  should  be 
given  to  the  selection  of  the  proper  grade  of  carbon ;  as 
a  rule,  it  is  not  economical  to  use  a  cheap  grade  of  car- 
bon, as  it  can  usually  be  demonstrated  by  service  tests 
that  high-grade  carbons  are  the  cheapest  in  the  long  run. 
In  selecting  between  the  various  high-grade  carbons,  it  is 
further  necessary  to  select  a  grade  intended  for  the 
particular  service.  Very  high  graphite  and  low  resist- 
ance carbons  are  often  not  the  best  for  railway  motors. 
On  the  other  hand,  care  should  be  taken  to  avoid  very 
hard  carbons,  and  especially  those  with  certain  abrasive 
qualities  intended  for  non-undercut  commutators.  While 
such  carbons  may  show  up  very  well  in  comparative 
tests  on  carbon  wear,  they  will  prove  to  be  expensive  on 


*See  "Commutation  and  Flashing  of  Railway   Motors 
the  Journal  tor  July.  1915.  p.  298. 


THE    ELECTRIC   JOURNAL 


20S 


account  of  excessive  commutator  wear.  In  exceptional 
cases,  where  a  commutator  is  in  bad  condition  on  ac- 
count of  flashing,  or  possibly  because  the  undercutting 
is  not  in  good  shape,  it  may  be  found  advisable  to  use 
some  abrasive  brushes  for  a  short  while  until  the  com- 
mutator is  in  good  condition  again.  Usually,  however, 
it  is  better  to  take  out  the  armature,  and  turn  and  under- 
cut the  commutators.  Under  average  conditions,  the 
use  of  medium  hard  high-grade  graphite  or  carbon 
brushes  with  a  medium  contact  resistance  gives  best  re- 
sults and  highest  economy  in  railway  motors. 

POLE    PIECES 

The  main  poles  in  railway  motors  are  usually  built 
up  of  laminated  iron  held  together  by  rivets,  while  the 
commutating  poles  are  of  rolled  or  forged  steel.  Care 
should  be  taken  to  provide  both  kinds  of  poles  with 
wide  shoulders  or  recesses  for  properly  holding  the 
coil  supporting  shields.  It  is  essential  that  the  clear- 
ance between  the  armature  and  pole  pieces  be  large 
enough  to  avoid  contact  between  the  armature  and 
the  pole  pieces  with  a  reasonable  amount  of  wear  in 
the  bearings.  In  order  to  allow  for  some  wear  it 
is  considered  good  practice  to  place  the  armature  nearer 
to  the  upper  pole  pieces. 

FIELD    COILS 

The  use  of  flat  copper  straps  in  the  held  coils  with 
asbestos  tape  insulation  between  the  straps  has  given 
such  excellent  results  that  the  use  of  wire  or  ribbon- 
wound  coils  has  practically  been  abandoned,  except  in 
very  small  motors,  where  the  copper  section  is  so  small 
as  to  make  the  use  of  strap  practically  impossible.  The 
insulation  between  various  layers  of  field  coils  is  usu- 
ally made  of  mica  discs,  whi.ch  have  given  good  results. 
In  case  of  field  coils  for  field  control  motors,  special  at- 
tention has  to  be  given  to  the  insulation  between  the 
two  parts  of  the  field  coils,  since  it  is  quite  possible  to 
obtain  appreciable  voltages  between  the  two  parts  of  the 
field  coils  on  account  of  the  inductive  kicks  in  starting 
and  stopping.  Heavy  layers  of  tape  are  best  adapted  to 
protect  the  field  coils  on  the  outside,  and  impregnating 
gums  or  bakelite  are  used  to  good  advantage  for  filling 
up  all  cavities  within  the  coil,  making  the  absorption  of 
moisture  impossible. 

One  of  the  most  important  problems  in  connection 
with  the  field  coils  is  to  secure  a  coil  support  which  ef- 
fectively avoids  vibration  of  the  coil.  The  best-known 
means  to  accomplish  this  is  a  heavy  spring  underneath 
the  coil,  together  with  filling  discs  for  taking  up  irregu- 


larities of  castings  and  coils.  No  coil,  no  matter  how 
well  it  is  made,  and  no  matter  how  exact  its  seats  are 
cast,  can  be  kept  from  vibrating  without  the  use  of  an 
effective  and  strong  spring,  because  any  known  insula- 
tion is  subject  to  some  shrinkage  under  heat,  which  re- 
sults in  changed  dimensions  of  the  coils. 

Another  feature  of  great  interest  in  the  design  of 
field  coils  is  the  best  method  of  bringing  the  cables  out 
of  the  coil.  It  has  been  customary  to  provide  field  coils 
with  terminals,  into  which  the  cable  is  fastened  by 
screws.  This  construction  has  the  advantage  that  in 
case  of  repairs  the  coils  can  be  easily  disconnected,  and 
is  entirely  satisfactory  if  the  screws  are  carefully  re- 
tightened  and  inspected  from  time  to  time.  This  is, 
however,  a  condition  which  is  somewhat  hard  to  ful- 
fill in  practice,  and  it  has  frequently  happened  that 
screws  are  not  properly  tightened.  This  usually  results 
in  overheating  and  consequent  burnouts  of  the  field  coils 
near  the  terminals.  Since  this  is  practically  the  only 
cause  for  damage  to  the  field  coils  and  for  the  necessity 
of  replacing  field  coils  in  modern  motors,  it  seems  more 
advisable  to  use  a  construction  which,  while  taking  a 
little  more  time  in  case  of  replacement,  does  not  necessi- 
tate as  many  replacements.  It  seems,  therefore,  best  to 
permanently  attach  the  cable  to  the  strap  inside  of  the 
coil  with  a  well-soldered  joint  and  to  connect  the  two 
cables  between  the  field  coils  by  a  similar  simple  joint  of 
the  sleeve  type.  It  takes  only  a  few  minutes  to  open  or 
close  such  a  joint  by  means  of  a  blow  torch,  and  this 
little  work  seems  well  worth  while  if  it  eliminates  the 
troubles  which  are  practically  unavoidable  with  screw 
and  clamp  connections.  With  field  coils  having  the 
cable  ends  permanently  attached,  the  simplest  type  of 
connection  without  crossing  of  cables  is  usually  obtained 
by  the  use  of  two  slightly  different  types  of  coils,  and 
some  care  has  to  be  taken  that  the  coils  are  not  mixed 
up  when  putting  them  in  the  motor.  This,  however, 
should  give  no  difficulty  if  the  coils  are  different  in  out- 
side appearance  or  properly  marked. 

WIRING    AROUND    FRAME 

Special  attention  should  be  given  to  the  best  way  of 
making  the  connections  between  the  armature  and  the 
various  field  coils  inside  of  the  motor  as  simple  as  pos- 
sible and  at  the  same  time  properly  supporting  the 
cables.  Any  possibility  of  vibrations  in  the  cables  will 
lead  in  time  to  breakage  and  consequent  burnouts  and 
damage.  The  cables,  therefore,  should  be  properly 
clamped  to  the  frame  or  securely  fastened  to  staples 
forming  part  of  the  frame. 


Transformer  Efficiency  and  Regulation 


W.    M.    MCCONAHEV 

Engineer  in  Charge. 

Transformer  Engineering  Dept., 

Westinghouse  Electric  &  Mfg.  Company 


THE  transformer  losses  considered  in  figuring  effici- 
ency are  two,  viz.,  iron  loss  and  copper  loss. 
There  is  a  small  dielectric  hysteresis  loss  in  the 
insulation  which  is  practically  impossible  of  separate 
determination.  This  is  kept  small  by  the  use  of  ample 
distances  between  points  at  diiiferent  potential,  and  the 
resultant  heating  is  kept  small  by  a  liberal  supply  of  oil 
ducts  through  the  insulation.  It  is  negligible  except  in  a 
few  rare  cases  of  high-voltage  transformers,  and  the 
little  there  is,  is  included  in  the  iron  loss  measurement. 

IRON    LOSS 

The  iron  loss  consists  of  two  parts,  viz.,  hysteresis 
loss  and  eddy  current  loss.  These  two  losses  can  be  sep- 
arated, but  there  is  no  reason  for  doing  this  in  commer- 
cial testing,  so  that  the  two  are  included  in  all  iron  loss 
measurements.     The  iron  loss  depends  upon  the   fre- 
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FIG.    I — EFFECT  OF  CH.VNGE  OF  FREQUENCY   ON   EXCITING  CURRENT 
.\Nn   IRON    LOSS 

quency  and  the  voltage  applied  to  the  windings  and  is 
not  affected  by  the  load  on  the  transformer  except  by 
the  small  amount  that  it  is  reduced,  due  to  the  voltage 
drop  through  the  primary  windings.  This  drop  is  so 
small  as  to  be  practically  negligible  to  the  extent  that 
the  iron  loss  is  considered  constant  for  all  loads,  pro- 
vided the  applied  voltage  is  kept  constant.  A  decrease 
in  the  frequency  or  an  increase  in  the  voltage  increases 
the  iron  loss,  and  vice  versa. 

The  frequencies  used  chiefly  in  this  country  are  25 
and  60  cycles.  While  a  transformer  can  be  operated  at 
a  higher  frequency  than  that  for  which  it  was  designed 
(with  poorer  regulation  on  inductive  load),  it  cannot  be 
operated  at  a  much  lower  frequency  without  also  reduc- 
ing the  voltage,  which  of  course  means  reducing  the 
rated  output.  For  example,  a  transformer  designed  for 
operation  at  60  cycles  will  generally  not  operate  satis- 
factorily at  normal  voltage  at  50  cycles.  The  reason  for 
this  is  that  the  iron  loss,  and  particularly  the  magnetiz- 


ing current,  will  be  increased  beyond  reasonable  limits, 
as  shown  in  Fig.  i. 

It  is  customary  to  design  transformers  so  that  they 
can,  when  necessary,  be  operated  at  a  voltage  10  percent 
in  excess  of  normal.  With  this  increase  in  voltage,  the 
iron  loss  will  be  increased  approximately  60  percent  and 
the  magnetizing  current  approximately  100  percent,  as 
shown  in  Fig.  2.  The  amount  by  which  the  voltage  can 
be  raised  above  normal  is  limited  chiefly  by  the  amount 
of  magnetizing  current  that  is  considered  reasonable. 
Ordinarily  the  magnetizing  current  of  power  trans- 
formers varies  between  the  wide  limits  of  four  or  five 
percent  of  full-load  current  for  some  of  the  largest  sizes 
to  15  or  20  percent  for  small  high-voltage  transformers. 
For  the  average  size  of  transformer,  the  magnetizing 
current  will  vary  usually  between  the  Hmits  of  six  and 
ten  percent.     An  increase  of  more  than  ten  percent  in 
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voltage  may  raise  the  magnetizing  current  to  such  a 
high  value  as  to  increase  the  heating  of  the  transformer 
and  appreciably  reduce  the  power- factor  of  the  system. 
The  sheet  steel  used  in  transformers  contains  a  com- 
paratively high  percentage  of  silicon  and  is,  therefore, 
popularly  known  as  "high  silicon"  steel.  The  loss  is 
very  low  compared  with  other  kinds  of  steel,  but  the 
permeability  is  also  comparatively  low,  and  this  tends  to 
increase  the  magnetizing  current.  However,  the  reduc- 
tion in  loss  more  than  counterbalances  the  decrease  in 
permeability. 

COPPER    LOSS 

The  copper  loss  varies  as  the  square  of  the  current 
flowing  in  the  windings.  In  addition  to  the  useful  cur- 
rent that  passes  to  the  electrical  circuits  outside  the 
transformer,  there  are  certain  other  currents  that  circu- 
late only  in  the  transformer  windings  and  are  not  only 
useless,  but  are  actually  harmful,  since  they  increase 
with  increase  in  load  on  the  transformer  and  produce 
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extra  heating.  They  are  of  two  kinds, — eddy  currents 
and  circulating  currents. 

Eddy  currents  are  set  up  in  the  individual  con- 
ductors by  the  leakage  field  produced  among  the  wind- 
ings by  the  currents  flowing  in  them.  They  are  always 
present,  but  can  be  limited  to  a  small  value  by  careful 
design.  They  increase  with  the  width  and  cross-section 
of  the  conductor  and  are  kept  within  reasonable  limits 
chiefly  by  winding  several  comparatively  narrow  sep- 
arately insulated  conductors  in  parallel  to  form  one  com- 
plete conductor.  Eddy  currents  exist  to  the  greatest  ex- 
tent in  transformers  having  heavy,  low-voltage,  high- 
reactance  windings,  that  is,  transformers  for  operation 
with  rotary  converters. 

Circulating  currents  flow  in  the  loops  formed  by  two 
or  more  conductors  connected  in  parallel.  They  are 
caused  by  the  leakage  field  inducing  unequal  voltages  in 
the  different  parallel  conductors.  Like  eddy  currents 
they  are  most  liable  to  cause  trouble  in  heavy,  low- 
voltage,  high-reactance  windings.  They  can  be  elimi- 
nated largely  by  the  proper  transposition  of  the  con- 
ductors when  connecting  up  the  coils. 
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The  calculated  PR  losses  are  those  losses  in  the 
windings  caused  by  the  useful  currents  flowing  through 
them  to  the  electrical  circuits  to  which  they  are  con- 
nected. The  losses  measured  by  a  wattmeter  are  the  PR 
losses  plus  the  losses  due  to  eddy  and  circulating  cur- 
rents, and  are  therefore  always  greater  than  the  calcu- 
lated PR  losses.  The  difference  will  vary  from  a  very 
small  amount  in  some  cases  to  as  much  as  50  percent  or 
more  in  extreme  cases.  As  a  rule,  the  wattmeter  losses 
do  not  exceed  the  PR  losses  by  more  than  approxi- 
mately 20  percent,  except  that  in  high-reactance  trans- 
formers such  as  mentioned  above,  this  figure  may  be 
doubled. 

According  to  the  A.LE.E.  rules,  if  /?,   =   the  re- 
sistance   of    the    winding    at    temperature    ;,,    and    R„ 
=^    the    resistance    at    temperature    t.,.    then    i?,    = 
r  234.5  +  hi 
1^74  c  A-  t    \  ^''     -Assuming  that  efficiency  guarantees 

in  one  case  are  made  on  the  basis  of  a  temperature  of 
25   degrees   C,   and   in   the   other   on   the   basis   of   75 


degrees,   we  have  t^   =   .25  and  /.   =   75 ;  then  R.,  = 

"T""  ^ '  _[_  ,'.  A'.  =  1.19  i?,  ;  i.  e.,  the  resistance  at  75 
degrees  is  19  percent  greater  than  at  25  degrees  and, 
therefore,  the  PR  loss  is  also  19  percent  greater. 

Hence,  it  is  apparent  that  efificiency  guarantees  based 
on  wattmeter  measurements  of  copper  losses  are  not  as 
high  as  those  based  on  calculated  PR  losses.  It  is  also 
apparent  that  since  PR  losses  increase  with  increase  of 
temperature,  the  lower  the  temperature  basis  is  assumed 
the  higher  the  efficiency  guarantee  can  be  made.  For 
these  reasons  a  fair  comparison  cannot  be  made  between 
two  dift'erent  efficiency  guarantees  unless  they  are  both 
based  on  the  same  temperature  and  method  of  measure- 
ment. According  to  the  Institute  rules,  transformer 
efficiency  and  regulation  guarantees  should  be  based  on 
wattmeter  measurements  of  copper  loss,  corrected  to  a 
temperature  of  75  degrees  C. 

EFFICIENCY 

The  efficiency  of  a  transformer  may  be  defined  as  the 
ratio  of  the  power  output  at  the  secondary  terminals  to 
the  power  input  at  the  primary  terminals.  Since  the 
losses  in  the  transformer  make  up  the  difference  be- 
tween the  power  input  and  the  power  output,  the  effici- 
ency may  he  stated  as 

. Output Input  —  Losses 

Effiacin-y  -    (j^,^,^^  _|_  ig^scs  ~  Input 

If  the  iron  loss  at  normal  voltage  and  the  copper  loss 
for  any  given  load  (generally  full  load)  are  known,  the 
efficiencies  can  easily  be  calculated,  bearing  in  mind  that 
the  iron  loss  is  a  constant  quantity  and  that  the  copper 
loss  varies  as  the  square  of  the  load. 

For  Example — If  a  certain  100  k.v.a.  transformer 
has  an  iron  loss  of  800  watts  and  a  copper  loss  at  full 
load  of  800  watts,  what  are  the  efficiencies  at  various 
loads?  As  the  loss  varies  with  the  square  of  the  cur- 
rent, at  %  load  (25  percent)  the  loss  will  be  one- 
sixteenth  of  full  load  (6.25  percent),  or  50  watts,  while 
at  50  percent  load  it  will  be  200  watts ;  at  75  per- 
cent. 450  watts,  and  at  125  percent,   1250  watts.     The 


efficiency  at  J4  load  will  be  £  = 


Output 


Output  -\-  Losses 


23  000 


=  0.9671.  or  96.71  percent.     The  effici- 
25  000-^-850 

encies  at  other  loads  are  calculated  in  the  same  manner. 
In  making  these  calculations  no  account  is  taken  of  the 
magnetizing  current  which,  except  in  extreme  cases, 
adds  such  a  small  amount  to  the  copper  loss  of  the  pri- 
mary winding  as  to  be  negligible.  The  iron  and  copper 
losses  and  efficiency  of  the  above  transformer  at  various 
loads  are  shown  graphically  in  Fig.  3. 

The  efficiency  is  maximum  when  the  copper  loss  and 
the  iron  loss  are  equal.  Thus,  if  the  copper  loss  and  the 
iron  loss  are  equal  at  full  load,  the  efficiency  is  maximum 
at  full  load.  If  the  full-load  copper  loss  is  less  than  the 
iron  loss,  the  maximum  efficiency  occurs  at  some  load 
greater  than  full  load.  If  the  full-load  copper  loss  is 
o-reater    than    the    iron    loss,    the    maximum    efficiency 
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Occurs  at  some  load  less  than  full  load.  As  a  rule,  the 
full-load  copper  loss  as  compared  with  the  iron  loss  is 
greater  for  25  cycle  transformers  than  for  60  cycles. 

The  above  figures  are  based  on  the  transformer  de- 
livering its  output  at  100  percent  power-factor,  which  is 
the  basis  on  which  all  standard  performance  guarantees 
are  made  and  is  in  line  with  A.I.E.E.  rulings.  If,  how- 
ever, the  guarantees  are  based  on  the  transformer  deliv- 
ering its  output  at  some  power-factor  less  than  100  per- 
cent, then  the  efficiencies  will  be  less  than  those  shown 
above. 

For  Example — Suppose  the  transformer  has  to  de- 
liver its  output  of  100  k.v.a.  at  80  percent  power-factor 
at  normal  load  and  the  power-factor  remains  constant  at 
all  loads,  what  will  be  the  efficiency  at  the  different 
loads?  In  this  case  the  currents  are  the  same  at  the 
various  loads  as  for  100  percent  power-factor,  and 
therefore  the  losses  are  the  same,  but  the  actual 
power  output  is  only  80  percent  as  great.  Considering 
the   one-quarter   load    efficiency,    we   have   then   £    = 

Output  _  0.8  X  25000 

Output  -f  Losses  ~  (o.S  X  23000)  +  S30 


0.9592, 


or  95.92  percent ;  whereas  the  efficiency  at  100  percent 
power-factor  was  96.71  percent. 

REGULATION 

In  general  terms  the  regulation  is  the  variation  in 
secondary  voltage  with  variation  of  load  and  power- 
factor.  The  greater  the  load  and  the  lower  the  power- 
factor,  the  greater  is  the  drop  in  voltage  as  the  load  is 
increased.  The  voltage  drop  varies  directly  as  the  load, 
provided  the  power-factor  remains  constant.  A  leading 
power-factor  tends  to  raise  the  voltage,  and  a  lagging 
power-factor  to  lower  it.  On  non-inductive  load  (i.  e., 
with  a  load  of  100  percent  power-factor)  the  regulation, 
as  a  rule,  exceeds  the  copper  drop  by  only  a  small 
amount.  However,  with  transformers  having  high  re- 
actance this  is  not  the  case,  since  the  reactive  component 
of  voltage  adds  considerably  to  the  copper  drop.  On 
inductive  load  the  regulation  depends  chiefly  upon  the 
reactive  drop;  hence,  the  less  the  reactive  drop,  the 
better  the  regulation,  and  vice  versa.  Particularly  good 
regulation  on  inductive  load  is  not  of  much  importance 
except  for  distributing  transformers. 

A   formula   conimoiily   used    for  calculaling   regula- 
tion is 
Percent  Regulation  =  IR  cos  6  +  IX  sin  6  +(^'^'  <^°^  B  —  IRsin  B)' 

200 

in  which   d  =  the  angle  of  lag  of  current  behind  the 
voltage, 
IR  =  the  percent  drop  in  phase  with  the  cur- 
rent, 
IX  =  the  percent  drop  in  quadrature  with  the 
'  current. 


For  convenience  in  calculating  regulation,  the 
values  of  cos  6  and  sin  6  for  loads  of  several  different 
power-factors  are  given  in  Table  I.  Cos  0  is  the  power- 
factor  and  sin  6  is  the  reactive  factor  of  the  load. 

T.ABLE    I 


Percent 

Percent 

Power- 

cos  d 

sin  B 

Power- 

cos  B 

sin  B 

Factor 

Factor 

100 

1 .00 

0.000 

75 

0  75 

0  661 

95 

0-95 

0.312 

70 

0.70 

0  714 

90 

0.90 

0  436 

65 

0,65 

0  760 

85 

0  85 

0.527 

60 

0  60 

0  800 

80 

0  80 

0  600 

55 

0.55 

0  835 

For  a  load  of  100  percent  power-factor  cos  6=1 
and  sin  6  =  o,  so  that  the  formula  for  regulation  be- 
comes 

(IX)' 
Percent  Regulation  at  100  percent  power-factor  =  IR  + 

The  values  of  JR  and  IX  aic  obtained  as  follows: — 
Short-circuit  one  winding  of  the  transformer  and  apply 
to  the  other  winding  a  voltage  of  correct  frequency  and 
of  such  a  value  as  will  cause  full-load  current  to  flow  in 
the  windings.  By  means  of  a  voltmeter  and  wattmeter 
measure  the  volts  and  the  watts  input  to  the  transformer 
under  this  condition.  The  volts  expressed  as  a  percent 
of  the  normal  voltage  of  the  winding  on  which  they  are 
measured  give  the  impedance  drop  IZ,  and  the  watts 
expressed  as  a  percent  of  the  rated  output  of  the  trans- 
former give  the  IR  drop.  Knowing  the  impedance  drop, 
IZ,  and  the  IR  drop,  the  reactance  drop,  IX.  can  be  cal- 
culated  from  the   formula, — 


IX   =  xil/-)'  -  (IR)- 

j  Low  reactance  may  influence  the  design  adversely  in 
(the  way  of  cost  and  efficiency,  and  when  dealing  with  the 
'  larger  sizes  of  transformers,  particularly  those  of  low 
frequency,  may  make  the  short  circuit  stresses  so  high 
that  it  will  be  very  difficult,  or  possibly  out  of  the  ques- 
tion, to  brace  against  them  successfully.  On  the  other 
hand,  with  a  carefully  v^orked  out  design,  there  is  no 
good  reason  for  a  very  high  reactance.  High  reactance 
generally  tends  towards  a  cheaper  design,  but  the  result- 
ing poor  regulation  will  in  most  cases  more  than  oftset 
the  possible  small  saving  in  cost.  As  a  rule,  the  tendency 
is  for  the  reactance  to  increase  with  increase  in  size, 
voltage  and  frequency. 

Transformers  for  the  operation  of  compound-wound 
rotary  converters,  particularly  those  for  railway  work, 
are  as  a  rule  designed  for  an  internal  reactance  of  ap- 
proximately 15  percent.  This  is  done  for  the  reason 
that  the  high  reactance  tends  to  cause  the  direct-current 
voltage  to  rise  as  the  load  increases. 
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EXPERIMENTAL  work  on  the  non-arcing  metal 
lightning  arrester  being  finished,  the  next  step 
was  to  place  it  on  the  market.  This  proved  to  be 
no  easy  matter.  Operating  managers  were  skeptical ; 
and  indeed  they  were  justified  in  looking  askance  at  a 
lightning  arrester  which  proposed  to  interrupt  a  looo 
volt  alternating-current  short-circuit  by  virtue  of  some 
mysterious  property  in  a  few  brass  cylinders  placed 
1/32  inch  apart.  So  persistent,  in  fact,  was  this  skep- 
ticism that  the  writer  found  it  necessary  to  make  a  dem- 
onstration trip.  Seven  non-arcing  metal  cylinders,  each 
one  inch  long  and  three-fourths  inch  in  diameter,  were 
mounted  on  a  strip  of  wood  provided  with  terminal 
binding  posts.  With  this  and  a  roll  of  tin  foil  in  his 
grip  he  interviewed  the  managers  of  the  principal  oper- 
ating plants  from  New  England  as  far  west  as  Denver 
and  explained  the  properties  of  the  non-arcing  metal 
lightning  arrester.  In  most  cases  a  good  deal  of  interest 
was  manifested  and  permission  was  granted  to  make  a 
short-circuit  test  in  the  power  house,  but  this  was  not 
always  the  case.  In  some  instances  the  whole  proposi- 
tion was  treated  as  a  fake  or  the  product  of  an  unbal- 
anced mind. 

The  short-circuit  test  in  the  power  houses  was 
always  an  interesting  experience.  As  a  matter  of  con- 
venience and  saving  of  time  no  short-circuiting  switch 
was  used ;  and  incidentally  this  procedure  made  the  test 
all  the  more  impressive.  The  strip  of  wood  on  which 
the  seven  cylinders  were  mounted  was  placed  on  the 
floor  near  the  dynamo  to  be  short-circuited.  One  bind- 
ing post  from  the  cylinders  was  connected  to  one  ter- 
minal of  the  dynamo,  and  then  holding  in  the  hand  a 
stout  insulated  wire,  one  end  of  which  was  connected 
to  the  other  terminal  of  the  dynamo,  the  short-circuit 
was  completed  by  touching  the  other  terminal  of  the 
cylinders  with  the  end  of  the  loose  wire,  the  air-gaps 
having  previously  been  short-circuited  with  crumbs  of 
tin  foil.  In  every  case  the  first  test  was  looked  upon  as 
the  act  of  a  crazy  man.  Those  who  had  assembled  to 
witness  the  test  saw  it  from  nearby  doors  and  windows 
and  watched  from  a  distance  what  to  them  was  the 
inevitable  destruction  of  something,  they  probably  didn't 
know  exactly  what.  After  the  first  performance  and  a 
careful  examination  by  all  of  the  uninjured  metal  cylin- 
ders there  was  generally  a  request  for  repetitions  of  the 
test.     These  were   followed  bv  undisguished  astonish- 


ment, particularly  as,  in  almost  every  set  of  these  tests, 
one  or  two  instances  would  show  that  not  all  of  the 
crumbs  of  tin  foil  had  been  melted.  In  this  manner 
conviction  was  carried  to  the  principal  central  stations, 
and  the  eye-witnesses  to  the  experiments  spread  the 
information  to  others,  so  that  it  was  not  long  before 
this  type  of  lightning  arrester  was  generally  adopted 
wherever  alternating-current  light  and  power  service 
was  used.* 

In  the  meantime  interesting  things  had  been  happen- 
ing in  connection  with  the  already  described  explosive 
air  blast  types  of  lightning  arresters.  Complaints  of 
lack  of  protection  were  insistent  and  became  more  and 
more  numerous,  so  that  a  thorough  investigation  be- 
came necessary.  This  investigation  changed  the  then 
prevailing  idea  that  a  lightning  arrester  must  neces- 
sarily be  defective  if  it  failed  to  protect  the  apparatus, 
and  was  largely  instrumental  in  leading  to  improved 
methods  of  generator  insulation.  There  were  three 
prominent  things  which  this  investigation  disclosed : — 

First — That  lightning  arresters  were  in  most  cases 
carelessly  and  ignorantly  installed.  Sometimes  an  ex- 
cessive length  of  ground  wire  was  formed  into  a  coil  to 
take  up  the  slack.  Ground  connections  were  almost  in- 
variably defective  from  one  cause  or  another.  In  one 
of  the  many  instances  which  came  under  the  writer's 
observation  a  $1000  equipment  of  lightning  arresters 
was  grounded  by  simply  wrapping  the  bare  ground  wire 
loosely  around  an  iron  spike  about  two  feet  long  and 
driving  this  into  a  sand  bed.  In  another  instance  the 
ground  plate  was  buried  in  clay.  In  another  case  the 
ground  plate  of  a  large  bank  of  lightning  arresters  in  a 
railway  power  house  had  been  fastened  to  a  ground  wire 
and  then  thrown  from  a  bridge  into  a  good-sized  stream 
of  water.  This  was  done  in  the  early  spring  when  the 
water  was  high.  When  this  inspection  trip  was  made 
the  ground  plate  was  found  dangling  from  the  bridge  at 
the  end  of  the  ground  wire  and  swinging  in  the  air 
quite  free  from  the  water.  And  so  a  great  variety  of 
defective  ground  connections  was  discovered. 

Second — It  was  found  that  in  many  instances  the 
electrical  equipment  was  abused  and  overloaded  to  such 

*The  discovery  of  the  non-arcing  metals  was  announced  at 
the  sixty-fifth  meeting  of  the  American  Institute  of  Electrical 
Engineers  on  March  15,  1892,  and  later  this  discovery  and  the 
design  of  the  non-arcing  metal  arresters  were  acknowledged  by 
the  Franklin  Institute  in  the  award  of  the  John  Scott  medal. 
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an  extent  as  to  deteriorate  the  insulating  material  rap- 
idly. In  one  instance  the  writer  noticed  an  electric  car 
hauling  five  loaded  trailers  home  from  a  ball  game.  He 
subsequently  visited  the  power  house  and  there  found 
a  large  pile  of  discarded  armature  coils,  the  insulation 
of  which  was  so  charred  that  it  easily  crumbled  in  the 
hands  and  fell  from  the  wire.  It  was  also  found  that 
armatures  were  roughly  handled  in  the  repair  shops  to 
the  disadvantage  of  the  insulating  material.  In  this 
manner  it  was  learned  that,  although  street  railway 
plants  might  be  provided  with  lightning  arresters,  it  was 
unreasonable  to  expect  protection  unless  the  insulating 
material  was  intact  and  of  sufficient  strength  to  ofifer  a 
much  higher  resistance  to  the  passage  of  lightning  dis- 
charges than  did  the  spark  gap  of  the  lightning  arrester. 

Third — Having  discovered  these  abuses  of  insulating 
material  in  service,  attention  was  next  directed  to  the 
handling  of  the  insulating  material  in  the  factory,  and 
there  it  was  found  that  pencil  marks  were  freely  used 
on  the  insulating  material,  thereby  offering  opportuni- 
ties for  surface  discharge,  and  armature  coils  were 
beaten  and  hammered  into  their  respective  slots  by 
piece-workers  to  the  great  disadvantage  of  the  insula- 
tion of  the  armature.  These  findings  were  reported  to 
the  management,  with  the  statement  that  it  was  hopeless 
to  expect  protection  from  lightning  arresters  unless 
these  abuses  in  the  factory  were  removed  and  the  insu- 
lating material  known  by  actual  test  to  be  intact. 

Thus  the  three  important  advantages  gained  bv  this 
investigation  were, — a  better  understanding  on  the  part 
of  operators  as  to  the  requirements  of  installation  with 
especial  reference  to  ground  connections  ;  a  better  under- 
standing on  the  part  of  the  operators  as  to  the  care  and 
maintenance  of  their  armatures  with  reference  to  the 
insulating  material,  and  a  disclosure  that  insulating  ma- 
terial was  abused  in  the  factory  and  that  lightning  ar- 
resters could  not  be  expected  to  protect  defective  ap- 
paratus. From  this  time  on  great  improvements  were 
made,  not  only  in  the  art  of  applying  insulating  material, 
but  also  in  its  quality  as  well. 

About  this  time  a  Toepler-Holz  electrostatic  ma- 
chine was  procured  and  many  experiments  were  per- 
formed seeking  information  as  to  the  behavior  of  dis- 
ruptive discharges  on  charged  wires  and  the  value  of 
choke  coils  as  an  additional  protection  to  be  used  in  con- 
nection with  lightning  arresters.*  It  happened  at  this 
time  also  that  Mr.  C.  E.  Skinner  was  experimenting  on 
a  method  of  increasing  the  striking  distance  of  a  given 
e.m.f.,  and  many  experiments  were  carried  out  along 
these  lines  in  the  endeavor  to  construct  an  easier  spark 
gap  for  a  lightning  arrester  than  the  air-gap,  and  while 
nothing  definite  was  accomplished,  still  the  experiments 
themselves  led  from  one  thing  to  another  until  a  form  of 
lightning  arrester  was  designed  for  direct-current  cir- 
cuits which  had  no  moving  parts  and  was,  strictly  speak- 
ing, non-arcing  in  that  it  allowed  the  disruptive  dis- 
charges to  pass,  but  did  not  allow  the  dynamo  current  to 


follow.     In  other  words,   there  was   no  arc   rupturing 
feature. 

It  is  not  clearly  remembered  just  what  led  to  the  con- 
ception of  the  first  form  of  this  type  of  lightning 
arrester,  but  it  had  long  been  recognized  that  lightning 
arresters  of  the  explosive,  air-blast  type  having  moving 
parts  were  not  ideal  and  left  much  to  be  desired,  and  the 
success  of  the  non-arcing  metal  lightning  arrester  for 
alternating-current  circuits  made  it  increasingly  desir- 
able that  an  equally  effective  and  simple  lightning  ar- 
rester be  constructed  for  direct-current  circuits.  The 
initial  thought  along  these  lines  seems  to  have  been  to 
construct  a  spark  gap,  having  terminals  so  protected  that 
vapors  could  not  be  formed  from  them,  for  it  was  rea- 


*Some  of  these  experiments  are  recorded  in  the  Journal  of 
the  Franklin  Institute  for  June,  1895, 
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Top  panel     Alurnatiiig-currcnt  liiihtiiing  arrester. 
Middle  panel — Railway  lightning  arrester. 
Bottom  panel — .\tc  circuit  lightning  arrester. 

soned  that  if  the  metallic  vapors  which  are  necessary 
for  the  formation  of  an  arc  could  be  suppressed,  then 
the  usual  short-circuiting  arc  could  not  be  formed.  The 
first  experiment  made  along  these  lines  was  as  fol- 
lows:— Two  perfectly  flat  strips  of  marble  with  ground 
surfaces  about  six  inches  long,  one  inch  wide  and  one- 
half  inch  thick  were  procured  and  securely  fastened  to- 
gether with  two  aluminum  foil  terminals  placed  between 
the  marble  surfaces,  about  three-fourths  inch  apart  and 
with  pencil  marks  made  on  one  marble  surface  between 
the  opposing  aluminum  foil  terminals.  The  terminals 
were  then  connected  to  the  static  machine  and  a  battery 
of  Leyden  jars  :  also  to  a  500  volt  direct-current  railway 
generator.  It  was  found  that  the  disruptive  discharges 
readily  passed  from  one  aluminum  foil  terminal  to  the 
other  between  the  marble  surfaces  and  over  the  pencil 
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marks  without  allowing  the  dynamo  current  to  follow. 
In  other  words,  static  discharges  could  pass,  but  dynamo 
current  could  not.  The  spark  gap  terminals  had  been 
so  covered  up  that  there  was  no  space  for  metallic 
vapors  and  the  usual  short-circuiting  arc,  as  in  a  light- 
ning arrester,  could  not  form. 

Other  experiments  were  then  performed  along  the 
same  line  in  the  endeavor  to  test  out  thoroughly  the 
possibilities  of  such  a  device  as  a  lightning  arrester.  The 
distance  between  the  terminals  was  decreased  to  one- 
half  inch  with  a  considerable  factor  of  safety,  and  when 
an  ordinary  spark-gap  lightning  arrester  was  connected 
in  parallel  with  this  device  it  was  found  that  the  disrup- 
tive discharges  found  an  easier  path  over  the  one-half 
inch  pencil  surface  than  through  the  air-gap  lightning 
arrester. 

So  far  the  tests  seemed  to  promise  a  thoroughly  sim- 
ple, inexpensive  and  non-arcing  type  of  lightning  ar- 
rester for  direct-current  service,  and  steps  were  taken 


FIG.    13 — WURTS    TANK    LIGHTNING   ARRESTER    FOR    lOOO   AMPERE 
DIRECT-CURRENT  RAILWAY  CIRCUIT 

The  water  inlet  is  connected  to  the  city  mains,  forming  the  best 
possible  ground  connection. 

to  design  a  commercial  lightning  arrester  along  these 
lines.  This  took  the  form  of  a  solid  block  of  marble 
about  six  inches  long  and  two  inches  square  having  a 
three-fourths  inch  hole  bored  lengthwise  from  end  to 
end.  In  the  center  of  this  hole  there  was  placed  a 
wooden  plug  having  longitudinally  burned  grooves ;  the 
latter  were  to  take  the  place  of  the  pencil  marks  used 
in  the  experiments.  Round  brass  terminals  were  then 
cemented  into  the  marble  holes  on  either  side  of  the 
wooden  plug  and  extending  beyond  the  marble  on  either 
side.  These  marble  blocks  with  their  brass  terminals 
were  suitably  mounted  on  a  base  for  central  station  use 
or  in  iron  boxes  for  outdoor  use.  But  before  they  were 
offered  for  sale  it  was  decided  to  construct  a  consider- 
able number  and  send  thein  to  Colorado  Springs  to  be 
tried  there  on  the  street  railway  system  of  that  city,  as 


this    city    had    a    reputation    for    frequent    and    violent 
thunder  storms. 

This  test  was  carried  out,  and  it  was  well  this  was 
done,  because  this  particular  form  of  the  lightning  ar- 
rester proved  defective  in  that  it  failed  to  recognize  the 
fact  that  disruptive  discharges  from  the  line  required 
space  when  passing  through  the  lightning  arrester,  that 
is,  more  space  than  was  provided  for  by  the  charred 
grooves  made  in  the  wooden  cylinders,  the  result  being 
that  one  after  another  of  these  lightning  arresters  was 
completely  shattered  by  the  expansive  force  of  the  dis- 
ruptive discharge.  However,  the  experiment  was  well 
worth  the  cost,  for  not  only  had  it  avoided  sending  out 
an  untried  and  defective  lightning  arrester,  but  it  proved 
beyond  question  that  these  lightning  arresters  had  con- 
ducted disruptive  charges  to  earth,  thereby  protecting 
the  apparatus. 

It  remained  now  to  construct  a  lightning  arrester, 
observing  the  same  principles  for  suppressing  the  arc  of 
short-circuit,  but  providing  an  adequate  vent  for  the 
expansive  force  of  the  disruptive  discharge.  This  was 
accomplished  in  the  following  manner : — Two  flat  brass 
strips  were  inserted  into  a  block  of  lignum  vitae  wood 
so  that  they  were  flush  with  the  surface  of  the  wood  and 
one-half  inch  apart,  as  shown  in  the  middle  panel  of 
Fig.  12.  The  one-half  inch  space  was  grooved  with  a 
burning  iron  to  provide  the  discharge  surface,  as  in  the 
marble  type  of  arrester,  and  the  block  was  then  covered 
with  a  second  block  of  wood  having  a  transverse  slot 
cut  in  it  in  such  a  manner  that  when  the  disruptive  dis- 
charge passed,  the  spark  and  displaced  air  would  have  a 
vent  on  either  side  through  the  slot. 

This  lightning  arrester  was  made  in  several  forms, 
as  shown  in  Fig.  12.  In  one  form  the  wooden  block 
was  mounted  on  a  marble  base  for  station  use,  and  in 
another  it  was  mounted  in  an  iron  box  for  line  service. 
Also  on  the  bottom  panel  will  be  seen  the  same  form  of 
lightning  arrester,  but  with  two  spark  gaps  in  series, 
mounted  both  for  station  and  line  service.  The  latter 
form,  with  two  gaps  in  series,  was  designed  for  voltages 
higher  than  500  volts  and  primarily  for  arc  light  service. 
Again  it  was  deemed  wise  to  test  these  lightning 
arresters  for  a  season  in  Colorado  before  they  were 
offered  for  sale.  They  were  installed  on  the  lines  of  the 
Colorado  Springs  Street  Railway  Company  and  of  the 
Cripple  Creek  Railway  Company,  and  as  these  instru- 
ments were  strictly  non-arcing  and  gave  no  evidence  of 
the  passage  of  discharges  unless  an  observer  were  on 
watch  at  the  time,  it  was  decided  to  place  a  small  air-gap 
in  a  separate  iron  box  and  in  series  with  each  one  of 
these  arresters  and  then  insert  a  bit  of  tissue  paper  in 
these  air-gaps  to  serve  as  a  "telltale"  of  the  disruptive 
discharges.  These  papers  were  then  collected  after  each 
thunder  storm  and  a  record  kept  of  the  performance  of 
the  lightning  arresters.*     A  large  number  of  these  tell- 


*Some  of  the  telltale  papers  perforated  with  lightning  dis- 
charges are  shown  on  page  15  of  the  Franklin  Institute  Journal 
for  June,  1895.  The  papers  are  reproduced  in  actual  size  and 
clearly  indicate  the  passage  of  disruptive  discharges  without 
dvnamo  current   following. 
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tale  papers  were  collected,  no  lightning  arresters  were 
destroyed  and  the  electrical  apparatus  was  protected.  In 
fact,  with  these  arresters  the  operating  companies 
learned  that  they  could  operate  through  thunder  storms 
with  comparative  freedom  from  damage,  whereas  in  the 
past  their  custom  had  been  to  open  their  switches  and 
pull  down  their  trolleys  until  the  storm  had  passed. 

During  this  same  summer,  1894,  a  considerable  num- 
ber of  these  lightning  arresters  were  connected  on  the 
lines  of  the  McKeesport  &  Wilmerding  Railway,  four- 
teen miles  southeast  of  Pittsburgh,  for  the  purpose  of 
determining,  even  if  only  approximately,  the  number  of 
lightning  arresters  which  should  be  connected  to  a  cir- 
cuit for  a  reasonable  amount  of  protection. +  While  it 
cannot  be  said  that  these  experiments  led  to  anything 
definite  they,  nevertheless,  clearly  indicated  that  de- 
pendence could  not  be  placed  upon  a  single  lightning  ar- 
rester in  the  station,  or  even  upon  the  few  additional 
ones  installed  on  the  cars,  for  in  this  experiment  the 
telltale  papers  indicated  that  the  discharges  occurred  in- 
discriminately among  the  lightning  arresters  scattered 
over  the  line — the  inference  being  that  had  these  line 
arresters  not  been  installed  the  electrical  apparatus 
would  certainly  have  been  subjected  to  greater  strains 
and  greater  danger  of  disruption. 

While  these  experiments  were  going  on  another 
form  of  lightning  arrester  had  been  designed  and  was 
being  tried  out  in  service,  particularly  in  street  railway 
power  houses.  It  was  called  the  "tank"  lighti:iing  ar- 
rester. Experiments  had  shown  that  lightning  dis- 
charges did  not  pass  through  any  one  particular  light- 
ning arrester ;  in  other  words,  that  they  had  a  tendency 
to  "side  flash"  from' the  line  without  any  apparent  re- 


gard for  the  so-called  shortest  and  easiest  path.  The 
aim  of  the  tank  arrester  was  to  provide  a  multiplicity  of 
discharge  paths  along  a  considerable  length  of  wire  by 
coiling  up  a  portion  of  the  wire  and  placing  it  in  a  tank 
of  well-grounded  water.  It  was  thought  that  the  surges 
which  occur  during  thunder  storms  would  in  passing 
through  such  a  coil  tend  to  "side  flash"  from  one  or 
more  points  through  the  water  and  thence  to  earth  ;  fur- 
thermore, it  was  thought  that  the  resistance  offered  by 
the  coil  would  increase  this  tendency ;  and  finally  it  was 
thought  that  a  semi-ground  of  this  kind  would  provide  a 
leakage  path  for  the  electric  charge  and  thereby  prob- 
ably  reduce  the  danger. 

There  was  considerable  experimentation  along  this 
line.*  However,  owing  to  the  fact  that  the  coil  disin- 
tegrated rapidly  under  electrolytic  action  and  that  there 
was  continuous  leakage  whether  a  thunder  storm  were 
in  action  or  not,  the  tank  lightning  arrester  finally  took 
the  form  shown  in  Fig.  13.  The  lower  part  consists  of 
a  wooden  tank  with  a  metal  lining,  and  above  there  is  a 
set  of  choke  coils  connected  in  multiple-series  with  a 
trolley  or  feeder,  as  the  case  might  be.  Connection  is 
then  made  from  three  points  on  the  set  of  coils  to  corre- 
sponding flat  carbon  electrodes  within  the  tank.  Run- 
ning water  was  used,  this  being  found  materially  to  re- 
duce the  current  leakage  which,  with  a  one-half  inch 
water  pipe  and  ordinary  city  pressure,  was  from  six  to 
seven  amperes  at  500  volts. 

(To  be  continued) 

tThese  experiments  are  described  in  detail  in  Electric 
Power  for  February,  1895,  under  the  heading  "Notes  on  Protec- 
tion Against  Lightning  Collected  During  the  Summer  of  1894." 

tSee  the  A.I.E.E.  paper  of  March,  1892,  previously  re- 
ferred to. 


Short-Circuit  Current  of  Alternators 


F.  T.  Hague 

Power  Engineering  Dept., 

Westinghouse  Electric  &  Mfg.  Company 


WHEN  an  alternator  is  short-circuited  the  cur- 
rent rises  during  the  first  cycle  to  a  maximum 
value,  and  then  rapidly  decreases  to  a  constant 
value,  known  as  the  "sustained  short-circuit  current." 
Generally  speaking,  this  transient  rush  of  current  is  due 
to  the  fact  that  the  armature  synchronous  impedance 
cannot  rise  instantly  to  its  normal  value,  because  time  is 
required  for  the  armature  reaction  to  take  its  effect  on 
the  field. 

Synchronous  impedance*  combines  the  effect  of  in- 
herent or  leakage  reactance  and  armature  demagnetiza- 
tion. The  armature  current  tends  to  demagnetize  the 
main  field.  The  main  field,  however,  represents  a  defi- 
nite amount  of  stored  energy  which  cannot  be  demag- 
netized instantly,  but  only  at  a  rate  depending  on  the 
effective    resistance    and    self-induction    of    the    paths 


*See  article  on  "Generator  Short-Circuit  Current  Waves," 
by  Mr.  F.  D.  Newbury,  in  the  Journ.m,  for  April,  1914,  p.  196; 
also  Question  Box  Nos.  1109  and  1129;  and  Engineering  Notes, 
"Synchronous  Impedance,"  in  the  Journal  for  February,  1915. 


through  which  it  may  discharge.  Thus  at  the  instant 
of  short-circuit  the  effective  synchronous  impedance 
consists  only  of  the  inherent  reactance  and,  as  time 
progresses  and  demagnetization  becomes  effective,  the 
synchronous  impedance  increases  rapidly  and  reaches 
its  normal  value  when  the  armature  current  reaches  its 
sustained  value. 

The  current  in  at  least  two  of  the  phases  of  a  three- 
phase  machine  will  always  be  unsymmetrical  at  the  in- 
stant of  short-circuit.  The  period  for  which  this  dis- 
symmetry exists  depends  upon  the  electrical  character- 
istics of  the  windings.  On  most  machines  the  waves  be- 
come practically  symmetrical  in  from  0.15  to  0.25 
second. 

The  dissymmetry  of  the  phase  currents  is  usually  ex- 
plained mathematically.  It  is  possible,  however,  to  ob- 
tain a  physical  conception  of  this  phenomenon  by  the 
application  of  the  fundamental  rules  governing  flux, 
voltage  and  current.  The  phase  winding  which  is  lo- 
cated midway  between  the  field  poles  at  the  instant  of 
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short-circuit  will  have  a  maximum  of  unsymmetrical 
current  induced  in  it,  because  it  is  situated  so  as  to  re- 
ceive the  fullest  effect  by  transformer  action  of  the  rap- 
idly decreasing  field  flux.  The  field  flux,  under  the 
variable  demagnetizing  action  of  the  unsymmetrical 
armature  current,  undergoes  a  cyclical  variation  in  mag- 
nitude (as  may  be  seen  from  oscillograms  of  field  cur- 
rents), so  that  all  phases  successively  passing  the  poles 
do  not  have  the  same  unsymmetrical  current  (voltage) 
induced  in  them.  The  phase  winding  situated  at  the 
center  of  the  pole  at  the  instant  of  short-circuit  is  on  the 
magnetic  axis  as  far  as  this  cyclical  oscillation  of  field 
flux  is  concerned,  so  that  it  has  no  unsymmetrical  cur- 
rent induced  in  it.  The  unsymmetrical  currents  are  not 
due  to  any  flux  distortion  in  the  air-gap,  but  are  rather 
the  effect  of  the  field  flux  discharging  through  the  arm- 
ature circuit.  The  sum  of  the  maximum  values  of  cur- 
rent in  the  first  two  alternations  is  nearly  the  same  for 
all  phases. 

The  effective  resistance  of  the  field  circuit  changes 
considerably  while  the  field  is  being  demagnetized.    The 


FIG.   I— CURRENT  DECREASE  ON   UNSYMMETRICAL  SHORT-CIRCUITS 
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I 
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3 

5   000 
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Alternator 
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50 
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eddy  current  and  other  losses  incidental  to  the  rapidly 
changing  flux  and  large  currents  produce  a  watt  loss 
which  is  equivalent  to  an  increased  variable  resistance, 
which  cannot  be  measured  under  normal  open-circuit 
conditions. 

A  resume  of  a  number  of  tests  on  various  types  of 
alternators  showed  that  the  transient  component  of  the 
short-circuit  current  did  not  follow  any  simple  logarith- 
mic law  as  might  have  been  expected,  probably  as  a 
result  of  the  change  in  the  effective  resistance  in  the  field 
circuit.  Single-phase  short-circuits  showed  a  consider- 
ably faster  rate  of  decrease  of  current  than  polyphase 
short-circuits  in  the  same  machine.  For  equal  currents 
per  terminal  the  polyphase  short-circuit  has  roughly 
50  percent  greater  demagnetizing  ampere-turns  than  the 


single-phase,  so  that  the  faster  rate  of  decrease  with  the 
single-phase  condition  would  indicate  sufficiently  high 
additional  losses  (or  the  equivalent  of  high  resistance) 
such  as  usually  accompany  single-phase  armature  react- 
ance, to  offset  the  greater  demagnetizing  strength  of  the 
three-phase  armature  reaction. 

The  effect  of  a  damper  winding  on  the  rate  of  de- 
crease, due  to  its  ability  to  prevent  rapid  change  of  field 
flux,  is  not  apparent  from  tests.  If  the  main  field  does 
not  change  so  rapidly  when  encircled  by  a  damper,  then 
the  current  induced  in  the  armature  by  the  transformer 
effect  of  the  decreasing  main  field  is  lessened,  while  the 
e.m.f.  due  to  rotation  is  maintained,  so  that  the  total 
effect  on  the  magnitude  and  rate  of  decrease  of  current 
is  little,  if  any. 

Considering  the  widely  different  electrical  and  me- 
chanical characteristics  of  the  prevailing  types  of  alter- 
nators (slow-speed  engine  type,  water-wheel  and  high- 
speed turbo-generators),  it  would  scarcely  be  expected 
that  any  one  simple  rule  for  the  rate  of  decrease  of  cur- 
rent after  short-circuit  would  apply  equally  well  for  all 
classes  of  machines  for  both  25  and  60  cycles.  Compar- 
ing dift'erent  oscillograph  tests  on  the  same  machine,  it  is 
very  seldom  that  the  same  degree  of  dissymmetry  has 
been  duplicated  in  any  two  tests.  In  order  to  form  a 
basis  of  comparison,  it  was  necessary  to  compare  all  ma- 
chines either  on  the  basis  of  symmetrical  short-circuits, 
or  on  the  other  extreme  basis  of  totally  unsymmetrical 
short-circuits.  By  a  totally  unsymmetrical  short-circuit 
is  meant  one  in  which  the  first  current  cycle  takes  place 
above  the  zero  line.  This  latter  basis  was  adopted,  as  it 
apparently  represents  the  most  severe  conditions  on  the 
machine  and  its  auxiliary  circuits. 

The  rate  of  decrease  of  maximum  possible  instan- 
taneous current  on  a  totally  unsymmetrically  short- 
circuit  is  shown  in  Fig.  i  for  a  few  typical  machines,  of 
the  salient  pole  alternator  and  distributed  field  winding 
turbo-generator  type,  for  both  25  and  60  cycles.  These 
curves  include  single-phase  and  polyphase  short-circuits 
on  machines  with  and  without  damper  windings.  Many 
more  tests  could  be  shown  that  fall  within  the  limits 
shown  on  the  curve. 

It  is  not  commercial  practice  to  take  oscillograms 
covering  a  period  of  time  greater  than  from  one-quarter 
to  one-half  second,  except  in  special  cases.  A  con- 
siderable portion  of  the  data  available  consisted  of 
short-time  tests,  and  in  such  cases  it  was  necessary  to 
determine  the  equation  of  the  curve  of  current  decrease 
and  to  extrapolate  it.  The  diversion  of  the  transient 
component  of  current  from  any  simple  logarithmic  law 
was  very  marked  in  all  of  these  curves,  especially  during 
the  first  quarter  of  a  second.  The  test  conditions  under 
which  this  data  was  obtained  differ  from  the  conditions 
found  on  commercial  circuits,  in  that  the  machines  tested 
were  not  equipped  with  automatic  voltage  regulators. 
The  effect  of  a  regulator  is  to  increase  the  sustained 
short-circuit  current  to  several  times  the  value  shown, 
without  making  any  appreciable  difference  in  the  rate 
of  decrease  of  current  during  the  first  few  seconds. 


The  Use  of  Direct  Current  for  Terminal  and 
Trunk  Line  Electrification* 

N.  VV.   SlORER 

General  Railway  Engineer, 
Westinghouse  Electric  &  Mfg.  Company 

THIS   ARTICLE  deals   chiefly   with   the  characteristics  and  possibilities  of  the  direct-current  motors   for 
handling  trains   in  the  most  economical  and   satisfactory  manner,  not  only  on  one  line,  but  for  interchanging 

equipments  on  lines  where  different  conditions  prevail. 


IT  IS  only  about  thirty  years  since  the  electric  motor 
was  first  used  in  real  commercial  railway  service. 
Many  experiments  were  made  prior  to  that  time,  but 
the  railway  motor  did  not  become  commercial  until  the 
first  series-wound  motor  was  geared  directly  to  the  car 
axle.  Electric  railroading  then  progressed  by  leaps  and 
bounds.  The  invention  of  the  multiple-unit  control  sys- 
tem gave  a  great  impetus  to  its  growth,  and  now  electric 
motors  have  been  applied  to  practically  all  classes  of 
railway  service. 

A  great  many  changes  have  been  made  in  the  direct- 
current  motor  in  the  last  twenty-five  years.  As  might 
have  been  expected,  the  requirements  of  a  motor  for 
railway  service  were,  at  first,  but  little  understood.  The 
insulation  was  poor,  the  mechanical  design  was  worse, 
and  the  commutation  bad.  However,  improvement  has 
been  rapid  and  continuous,  until  the  up-to-date  direct- 
current,  commutating-pole,  self-ventilated  and  oil-lubri- 
cated railway  motor  leaves  little  to  be  desired,  either 
electrically  or  mechanically.  While  the  design  of  the 
motor  has  been  perfected,  the  principles  that  led  to  the 
selection  of  the  series  motor  are  the  same  as  they  were 
when  the  advantages  of  its  steep  speed  and  torque  curves 
were  first  seen.  Now  the  direct-current  series  motor  is 
used  almost  universally  for  street  and  interurban  rail- 
ways, underground  and  elevated  lines,  and  very  largely 
for  the  electrification  of  the  terminal  and  suburban  lines 
of  steam  railways.  The  steep  speed  curve  makes  the 
series  motor  more  nearly  fool-proof  and,  therefore,  more 
reliable  and  cheaper  to  maintain  than  any  other  direct- 
current  type.  It  introduces  a  degree  of  elasticity  that 
enables  the  motor  to  withstand  the  severe  service  of 
rapidly  accelerating  heavy  trains  and  developing  over- 
load torques  that  would  be  impossible  in  any  other  type. 
It  also  gives  the  best  commutation  and  is  least  subject  to 
injury  resulting  from  the  fluctuating  line  voltages  that 
are  common  to  all  electric  railways. 

SERIES    MOTOR   CHARACTERISTICS 

The  series  motor  as  generally  used  has  not  the  most 
efficient  characteristics.  It  is  the  series  motor  in  its  sim- 
plest form  that  is  now  used  most  extensively.  As  a  rule 
the  field  becomes  saturated  at  a  current  corresponding  to 
about  the  one-hour  rating.  This  is  the  result  of  the  effort 
on  the  part  of  the  designers  to  secure  the  maximum  out- 
put on  one-hour  rating  with  the  minimum  weight  of  ma- 


terial. In  Fig.  1  are  shown  corresponding  speed  and 
torque  curves  for  two  motors — one  wath  saturated  and 
the  other  with  unsaturated  magnetic  circuits.  The  speed 
curves  cross  at  approximately  42  m.p.h.  (miles  per 
hour),  but  at  the  one-hour  rating  of  the  motor,  which  is 
practically  350  amperes,  the  speed  of  the  saturated 
motor  is  37  m.p.h.,  while  the  other  runs  at  33  m.p.h. 
While  one  motor  requires  350  amperes  to  develop  2500 
lbs.  tractive  effort,  the  other  one  requires  only  320  am- 
peres. For  frequent  stopping  service  the  unsaturated 
motor  will  operate  more  efficiently,  since  it  accelerates 
with  less  current.     In  such  service  also  the  root  mean 
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tFrom  a  paper  read  before  The  Institution   of   Electrical 
Engineers,  London,  England,  Marck  16,  1916. 


FIG.    1 — COMP.\RATIVE  CURVES   FOR  250   HORSE-POWER,  6oO  VOLT, 
SATURATED   AND  UNSATURATED   MOTORS 

square  current  in  a  given  class  of  service  will  be  ma- 
terially less  in  the  unsaturated  motor ;  consequently,  an 
unsaturated  motor  of  a  given  rating  will  have  a  greater 
service  capacity  than  the  saturated  motor.  If  this  point 
were  thoroughly  borne  in  mind,  the  manufacturer  of  the 
unsaturated  motor  would  not  be  penalized  on  account  of 
the  small  rating  of  an  unsaturated  motor  of  a  given 
weight,  or  on  account  of  greater  weight  with  a  given 
rating  and  the  railway  company  could  operate  with 
higher  efficiency.  These  points  are  brought  out  in  Fig. 
2.  which  shows  that  the  rheostatic  losses  vary  directly  as 
the  square  of  the  speed  at  which  the  last  resistance  is 
cut  out  of  the  motor  circuit,  or  at  which  the  motor  curve 
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at  full  voltage  is  reached.  For  instance,  if  the  load  were 
accelerated  at  a  tractive  effort  of  3300  lbs.,  Fig.  i,  the 
speed  curve  on  the  saturated  motor  would  be  reached  at 
a  speed  of  35  m.p.h.,  while  the  unsaturated  motor  would 
reach  the  speed  curve  with  the  same  tractive  effort  with 
about  ten  percent  less  current  and  at  a  speed  of  31.5 
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rir..    2 — ANALYSIS    OF   POWER   CONSUMPTION    IN    STRAIGHT    LINK 
ACCELERATION 

Data:— Weight I  ton  (2240  lb.) 

Acceleration I  m.p.h.  per  sec. 

Total  Tractive  Effort 121  lb. 

Train  Resistance 1 1  lb. 

Allowance  for  Rotating  Inertia 7.5  percent 

Control Series-Parallel 

Motor  Efficiency  at  Normal  Voltage 88  Percent 

Voltage  Drop  in  Motor 5  Percent 

m.p.h.  The  rheostatic  losses  from  Fig.  2  would  be  22.2 
watthours  per  ton  in  the  one  case,  and  18  watthours  per 
ton  in  the  other,  a  saving  of  4.2  watthours  per  ton  for 
each  acceleration.  Of  course,  a  motor  geared  for  such 
high  speed  as  this  would  not  make  more  than  one  or  one 
and  one-quarter  stops  per  mile,  but  in  any  case  there 
would  be  a  certain  definite  saving  for  every  acceleration 
that  the  motors  are  required  to  make. 

FIELD    CONTROL 

The  use  of  field  control  eft'ects  still  greater  savings 
in  rheostatic  losses,  first,  by  reaching  the  motor  curve 
at  lower  speed  and,  second,  by  operating  on  resistance 
a  smaller  portion  of  the  time  between  the  series  and 
parallel  positions.  The  usual  method  of  weakening  the 
field  of  a  series  motor  is  by  tapping  the  field  so  as  to  cut 
out  part  of  the  effective  turns.  It  is  not  good  practice 
ordinarily  to  shunt  the  field,  as  it  renders  the  motor 
much  more  liable  to  flashing. 

The  motor  curves  for  the  600  volt  locomotives  for 
the  Pennsylvania-New  York  Terminal  are  shown  in  Fig. 
3.  They  show  a  wide  range  of  speed  covered  by  vary- 
ing the  field  strength,  and  illustrate  the  possibilities  of 
the  series  motor  to  meet  the  characteristics  of  the  steam 
locomotive,  which  is  able  to  develop  its  maximum  horse- 
power over  a  wide  range  of  speed.  The  author  believes 
that  the  electric  locomotive  can  be  designed  to  perform 
practically  any  service  that  a  given  steam  locomotive 
is  capable  of  doing  and  will,  in  general,  do  it  better, 
notwithstanding  the  tremendous  improvements  that  have 
been  made  in  steam  locomotives  in  recent  years.  The 
Pennsylvania  locomotive  curves,  for  instance,  show  that 


it  will  develop  an  output  of  i_'oo  horse-power  at  anv 
speed  between  42  and  76  m.p.h.  It  will  develop  1600  h-p 
over  a  range  of  speed  from  36  to  60  m.p.h.,  or  2000  h-p 
between  32  and  52  m.p.h. ;  it  will  develop  3000  h-p  over  a 
range  from  27  to  41  m.p.h.,  or  4000  h-p  from  25  to  35 
m.p.h.  If  locomotives  are  to  be  compared  simply  on  the 
basis  of  the  continuous  or  the  one-hour  rating,  compari- 
sons are  likely  to  be  misleading.  The  speed  control 
shown  on  the  curves  for  the  Pennsylvania  locomotives  is 
quite  within  the  range  of  possibility  for  well-designed 
direct-current  locomotives  and,  while  it  is  admitted  that 
the  electric  locomotive  does  not  entirely  meet  the  speed- 
torque  characteristic  of  the  steam  locomotive,  which 
seems  to  be  so  desirable  for  express  service,  the  writer 
believes  that  there  are  few  cases  where  such  a  character- 
istic is  necessary  over  the  wide  range  of  speed  for  any 
considerable  length  of  time.  In  cases  where  a  heavy 
tractive  effort  is  required  for  short  periods  of  time,  the 
electric  locomotive  has  the  enormous  superiority  of 
being  able  to  handle  the  load  at  a  higher  speed. 

It  is  obvious  that  the  rheostatic  losses,  with  a 
locomotive  having  characteristics  like  those  of  the 
Pennsylvania  locomotive  will  be  so  small  as  to  be  of 
very  little  importance,  especially  if  a  locomotive  with 
four  motors  giving  series,  series-parallel  and  parallel 
control  with  variations  in  field  strength  is  adopted.  One 
example  from  the  Pennsylvania  locomotive  curve  will 
show  the  reduction  in  rheostatic  losses  that  is  made  by 
the  use  of  field  control  in  parallel  only.    Assuming  that 
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FIG.    3 — WESTINGHOUSE    NO.    315A   RAILWAY    MOTOR,   60O   VOLTS, 
T2  INCH   WHEELS,  FIELD  CONTROL 

The  usual  series-parallel  connections,  combined  with  field 
control,  give  four  speed  curves.  These  curves  simply  show  the 
maximum  range  of  speed  at  which  the  motor  is  designed  to 
operate  at  normal  and  half  voltages,  but  there  are  two  inter- 
mediate speed  curves  on  each  voltage  which  may  be  used,  if 
desired,  between  the  full  field  and  the  normal  field  position. 

the  locomotive  for  normal  operation  must  have  a  speed 
curve  as  shown  by  the  normal  field,  and  that  it  is  accel- 
erated at  a  tractive  eft'ort  of  40000  lbs.,  the  motor 
curve  would  be  reached  at  a  speed  of  36  m.p.h.  without 
field  control,  or  a  speed  of  27.5  m.p.h.  with  the  same 
tractive  effort  and  field  control.    According  to  Fig.  2,  the 
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rheostatic  loss  would  be  24  watthours  per  ton  in  the  one 
case  and  13.8  for  the  other.  If  the  field  control  were 
utilized  with  the  series  connection  as  well,  the  locomo- 
tive would  be  accelerated  from  a  speed  of  13.5  to  18 
m.p.h.  without  resistance  in  the  circuit,  and  a  further 
reduction  of  nearly  3.5  watthours  per  ton-mile  would  be 
made. 

Ordinarily  it  may  be  assumed  as  certain  that  the  use 
of  a  properly  designed  field  control  equipment  will  re- 
duce the  rheostatic  losses  to  not  more  than  one-half  of 
those  encountered  with  series-parallel  operation.  The 
total  saving  per  ton-mile  will,  of  course,  depend  on  the 
number  of  accelerations  made,  and  the  amount  of  low- 
speed  operation  which  may  require  the  equipment  to  be 
operated  with  resistance  in  series. 

In  general,  the  motor  with  a  steep  speed  curve  is  to 
be  recommended  either  with  or  without  field  control 
wherever  the  service  requires  frequent  accelerations  or 
very  heavy  grades  are  encountered.  The  saturated  field 
motor,  or  the  one  having  the  flat  speed  curve,  is  to  be 
recommended  for  use  only  where  it  is  desirable  to  obtain 
a  more  nearly  constant  speed  over  long  runs,  regardless 
of  variations  in  grades  and  trailing  loads.  Such  a  curve 
entails  much  greater  fluctuations  in  load  on  the  motors, 
reduces  their  overload  capacity,  and  also  increases  the 
fluctuations  on  the  line  and  substations.  It  is  a  mistake 
to  think  that  the  field  control  motor  will  be  materially 
heavier  for  a  given  service  than  the  simpler  form  of 
series  motor,  especially  if  the  service  requires  frequent 
stops.  It  may  have  a  lower  rating  for  a  given  weight 
of  motor,  but  in  a  class  of  service  where  the  duty  is  con- 
fined to  accelerating  work,  as  is  commonly  the  case  in 
city  and  suburban  lines,  the  motor  with  field  control  will 
be  very  little  heavier  than  a  straight  series  motor. 

REGENERATION 

Considerable  savings  can  be  effected  by  regenerating 
during  the  stopping  period  the  power  that  is  stored  in  a 
moving  train,  and  also  by  saving  the  energj'  developed 
by  the  train  in  descending  grades,  which  is  now  ex- 
pended in  wearing  out  brake-shoes  and  wheel  tires. 
As  50  percent  of  the  total  power  taken  from  the  line  is 
expended  in  this  way  on  many  lines,  it  is  a  matter  of 
great  importance. 

The  scheme  adopted  long  ago  on  the  Central  London 
Railway,  of  saving  this  energy  by  elevating  the  station 
tracks  is  one  that  can  be  tried  in  special  cases  with  ex- 
cellent results.  It  has  one  great  advantage  over  any 
scheme  of  electrical  regeneration  in  that  it  adds  nothing 
to  the  equipment  and  makes  the  work  easier,  so  that 
smaller  motors  may  be  used.  However,  it  has  its  limita- 
tions. It  will  be  seen  from  Fig.  4  that  a  train  operating 
at  30  m.p.h.  would  stop  without  brakes  if  allowed  to 
climb  to  a  height  of  30  ft.  A  14  ft.  elevation  would  be 
required  to  absorb  all  of  the  energy  in  a  train  moving  at 
20  m.p.h.  Of  course,  it  would  not  be  feasible  to  save  all 
of  the  stored  energ}'  nor,  in  fact,  would  it  be  feasible  to 
save  any  large  part  of  it  on  a  line  having  long  trains  and 
a  high  schedule  speed.    That  it  is  possible  to  make  very 


considerable  savings,  however,  is  shown  both  on  the 
Central  London  Railway  and  on  the  South  Side  line  of 
the  Chicago  Elevated  Railway.  Such  a  plan  for  saving 
power  as  this  is  not  practical  for  the  large  majority  of 
railways,  but  any  scheme  of  electrical  regeneration  may 
be  supplemented  by  the  elevated  station  tracks. 

A  scheme  of  regeneration  is  already  developed, 
involving  the  use  of  the  standard  series  motor,  with 
separate  excitation  during  regenerative  periods.  The 
control  may  be  entirely  automatic  from  the  time  it 
is  applied  until  the  lowest  speed  is  reached  at  which 
the  motors  when  connected  in  series  can  develop  the 
line  voltage.  At  the  same  time  it  can  be  stopped  at 
any  desired  speed.  The  regeneration  at  high  speed  is 
with  the  motors  connected  in  parallel,  and  the  change 
from  parallel  to  series  is  efifected  by  a  bridging  method 
especially  adapted  to  this  purpose.  There  is  no  break  in 
the  retardation  of  the  train  from  the  maximum  speed 
until  it  comes  to  a  standstill,  for  the  control  is  so  ar- 
ranged that  the  air  brakes  may  be  applied  as  soon  as  the 
minimum  regenerating  speed  is  reached.  The  use  of  the 
standard  series  motor  in  this  connection  is  of  the  great- 
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FIG.  4 — TRACK  ELEVATION  REQUIRED  TO  BRING  A  TRAIN  TO  REST 

est  importance.  The  motor  designed  for  field  control 
also  assists  in  securing  the  maximum  saving  of  energy 
due  to  the  fact  that  the  regeneration  can  be  carried  to  a 
lower  speed. 

It  is  usual  practice  in  equipments  for  heavy  multiple- 
unit  service  for  city  and  suburban  traffic  to  have  the 
motors  geared  for  a  speed  of  about  15  to  18  m.p.h.  at  the 
one-hour  rating  of  the  motors.  Such  an  equipment  will 
retard  the  train  by  regeneration  down  to  a  speed  of  eight 
to  ten  m.p.h.  Fig.  5  shows  the  possible  saving  that  can 
be  efifected  by  regenerating  down  to  a  speed  of  ten  m.p.h. 
Owing  to  the  fact  that  the  equipment  required  to  permit 
regeneration  adds  somewhat  to  the  weight  of  the  car,  the 
net  saving  in  power  will  be  somewhat  less  than  that 
shown.  A  single  example  will  show  about  what  may  be 
expected  from  this  system.  At  a  speed  of  25  m.p.h.  the 
amount  of  stored  energy  is  19  watthours  per  ton.  The 
curve  indicates  that  not  less  than  12  watthours  per  ton 
will  be  restored  to  the  line.  The  additional  weight  of 
the  equipment  may  bring  the  net  saving  down  to  10 
watthours  per  ton  with  the  size  of  equipments  on  which 
these  curves  are  based.    Smaller  and  less  efficient  equip- 
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ments  might  reduce  the  saving  to  a  still  lower  value,  but 
it  is  probable  that  in  any  case  at  least  45  percent  of  the 
stored  energy  can  be  returned  to  the  line.  If  this  stored 
energy  amounts  to  50  percent  of  the  power  taken  from 
the  line,  the  net  reduction  in  power  consumption  should 
be  more  than  20  percent.  It  is  quite  practicable  to  apply 
this  method  not  only  for  the  automatic  retardation,  as 
described  above,  but  for  use  in  controlling  locomotives 
in  descending  grades.  Perfect  hand  control  can  be  ob- 
tained, together  with  a  variation  in  speed,  which  makes 
the  equipment  even  more  desirable  than  the  automatic 
regeneration  of  the  three-phise  induction  motor. 

LINE   VOLTAGE 

Up  to  1905  there  was  very  little  tendency  to  increase 
the  voltage  of  direct-current  railways  much  beyond  600 
volts,  which  had  been  virtually  adopted  as  standard  for 
city  railways  of  all  kinds.  For  a  long  time  the  limit  to 
the  voltage  was  in  the  insulation ;  later  it  was  in  com- 
mutation, but  of  late  years  the  methods  of  insulation 
and  materials  available  are  so  much  better  that  they 
no  longer  form  a  limit  to  the  voltage,  and  the  use  of 
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FIG.   5 — ANALYSIS   OF  POWER  REGENERATION,  REGENERATING  TO    10 
MILES   PER   HOUR 

The  top  curve  shows  the  amount  of  energy  that  is  stored  in 
the  car.  From  that  is  deducted  the  amount  left  in  the  car  at  a 
speed  of  ten  m.p.h  The  next  curve  deducts  the  amount  that  is 
required  to  overcome  train  resistance  at  a  specified  rate  of 
braking  down  to  ten  m.p.h.  From  this  curve  is  deducted  the 
amount  of  power  that  is  lost  in  the  equipment  during  regener- 
ation. In  this  case  the  efficiency  of  regeneration  is  assumed  to 
be  80  percent,  which  allows  for  a  considerable  loss  in  the  aux- 
iliaries. The  lowest  curve  shows  the  energy  in  watthours  per 
ton  that  should  be  restored  to  the  line  under  the  specified  con- 
ditions from  any  speed  under  fifty  m.p.h.  down  to  ten. 

commutating-pole  motors  has,  in  a  great  measure,  elim- 
inated the  question  of  commutation  from  the  limiting 
features.  The  consequence  is  that  the  line  voltage  has 
been  pushed  higher  and  higher.  In  the  United  States 
1200  and  1500  volts  have  become  the  standard  for  inter- 
urban  railways,  while  2400  and  3000  volts  are  being  used 
in  two  or  three  instances  in  trunk  line  electrification.  In 
England  1200  and  1500  volt  lines  are  now  in  successful 
operation  and  a  3500  volts  experimental  equipment  has 
been  in  operation  for  several  years.  The  highest  voltage 
that  has  thus  far  been  used  is  5000  volts  on  an  experi- 
mental equipment  which  has  been  operated,  however,  in 
regular  service  since  June  i,  191 5,  at  Jackson,  Mich.  In 
ether  parts  of  the  world  voltages  of  750,  800  and  1000 
are  in  use. 


In  view  of  the  number  of  voltages  already  in  use  and 
the  possibility  of  still  higher  voltages,  the  question  of 
interchangeability  of  equipments  has  become  very  prom- 
inent. Two  conditions  of  prime  importance  are  neces- 
sary to  enable  equipments  to  operate  interchangeably 
over  dififerent  lines : — 

I — The  contact  conductors  must  be  so  arranged  that  any 
equipment  can  take  power  from  any  line  without  change. 

2 — Every  equipment  must  be  so  designed  as  to  operate  at 
required  speeds  over  the  various  voltages  of  the  different  lines. 

CONTACT  AND  COLLECTOR  SYSTEM 

Before  any  interchange  of  equipments  is  possible,  it 
is  necessary  to  standardize  the  contact  system  so  that  a 
car  or  locomotive  from  one  line  can  collect  current  from 
a  contact  rail  or  trolley  on  any  other  line.  The  usual 
contact  system  for  lines,  except  tramways  using  800 
volts  or  less,  consists  of  some  form  of  contact  rail  or 
rails  mounted  either  outside  of  the  running  rails  or  be- 
tween them.  The  oldest  and  most  frequently  seen  is  a 
top  contact  or  over-running  type  of  rail.     To  that  has 
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been  added  a  form  of  under-running  rail  and  a  new 
form  of  rail  having  a  side  contact.  It  is  possible  where 
the  contact  surfaces  are  properly  located  to  have  a  single 
contact  shoe  satisfactory  for  collecting  current  from 
either  the  under-running  or  the  over-running  type  of 
rail.  Such  interchangeability  is  possible  between  the 
Pennsylvania  over-running  rail  and  the  New  York  Cen- 
tral under-running  rail  at  New  York.  However,  such 
things  should  be  avoided  if  in  any  way  possible. 

The  same  statements  hold  true  in  regard  to  overhead 
conductors.  The  problem  here  is  much  simpler,  because 
it  seems  to  be  the  universal  practice  to  locate  the  over- 
head conductor  above  the  center  line  of  the  track  and  to 
keep  its  height  between  certain  definite  limits,  which 
must  in  all  cases  clear  the  rolling  stock.  In  this  case  it  is 
more  a  question  of  adopting  the  proper  kind  of  contact 
shoe. 

MOTORS 

A  direct-current  armature  has  practically  the  same 
current  capacity  regardless  of  the  voltage  applied  to  its 
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terminals,  the  latter  being  limited  to  a  certain  maximum, 
as  determined  by  commutation  characteristics  and  speed. 
Furthermore,  increasing  the  voltage  for  a  given  current 
also  increases  the  core  loss,  but  this  is  largely  compen- 
sated for  by  an  increased  speed  which  gives  greater  ven- 
tilation, especially  with  self-ventilating  motors.  It  may, 
therefore,  be  assumed  that  the  power  rating  of  the 
motors  is  proportional  to  the  voltage  applied  to  its  arm- 
ature terminals,  and  hence  that  the  normal  capacity  can 
be  secured  only  by  maintaining  the  normal  rated  voltage 
on  the  armature  terminals.  This,  then,  is  the  basis  on 
which  any  proposition  that  involves  interchanging 
equipments  on  different  voltages  must  stand.  It  will  be 
seen  at  once  that  the  most  advantageous  results  may  be 
secured  if  the  various  line  voltages  are  multiples  of  the 
rated  voltage  of  the  individual  armatures,  so  that  they 
mav  be  connected  in  various  combinations,  depending 


FIG.    " — DI.\RGAM    OF    COXXECTIONS 

By  which  eight  armatures  may  be  operated,  four  in  series,  two 
in  parallel ;  two  in  series,  four  in  parallel ;  or  all  in  parallel,  cor- 
responding to  full  speed  on  2400,  1200  and  600  volts,  or  full 
speed  on  4800,  2400,  1200  and  half  speed  on  600  volts.  There  are 
shown  a  total  of  56  switches  on  this  diagram,  most  of  which 
would  have  to  be  designed  and  insulated  to  handle  the  maxi- 
mum voltage.  It  indicates  a  comparatively  complicated  equip- 
ment in  spite  of  the  fact  that  the  diagram  is  made  up  in  its 
simplest  form. 

on  the  line  voltage.  To  obtain  the  rated  output  from 
motors  operating  on  multiple  voltages,  it  is  necessary 
so  to  manipulate  the  control  circuits  that  each  armature 
will  always  receive  the  same  running  voltage  regardless 
of  the  line  voltage,  and  there  must  be  enough  armatures 
in  the  equipment  to  permit  so  grouping  them  as  not  to 
impress  more  than  the  normal  voltage  on  any  one  arm- 
ature. 

As  600  volts  is  recognized  as  the  standard  voltage  for 
most  city  and  suburban  railways,  the  natural  or  desir- 
able higher  voltages  adopted  or  proposed  are  usually 
1200,  2400,  3600  and  4800.  As  most  of  the  so-called 
1200  volt  lines  operate  with  a  substation  voltage  of  1300 


to  1350  volts,  practically  the  same  equipments  can  be 
used  on  the  1500  volt  lines,  which  offers,  from  the  sub- 
station and  line  loss  standpoint,  a  considerable  advan- 
tage over  the  nominal  1200  volts.  The  speed  curves  that 
will  be  secured  on  a  motor  designed  for  a  normal  volt- 
age of  1500  when  operated  at  lower  voltages  are  shown 
in  Fig.  6.  With  a  current  of  150  amperes,  giving  a 
tractive  eft'ort  of  4500  lbs.,  the  speeds  are  22.5,  17.6,  10.7 
and  8.4  m.p.h.,  resjiectively,  at  1500.  1200.  750  and  600 
volts. 

To  consider  the  matter  of  interchangeability  in  spe- 
cific instances  the  following  examples  are  cited : — 

I — Assume  that  the  equipment  is  required  to  operate  over  a 
600  volt  line  at  full  speed.  The  armatures  must  then  be  wound 
for  600  volts.  It  is  also  required  to  operate  over  1200,  1500  and 
2400  volt  circuits.  It  will  be  seen  at  once  that  if  series-  parallel 
control  is  to  be  obtained  at  the  high  voltage,  there  must  be  two 
sets  of  motors,  each  set  having  four  armatures  connected  in 
series,  or  a  total  of  eight  armatures.  If  these  armatures  are 
connected  two  in  series  on  1200  volts,  full  speed  may  be  secured. 
On  1500  volts,  however,  it  would  be  necessary  to  have  the 
motors  connected  four  in  series,  or  to  take  a  chance  on  raising 
the  normal  voltage  on  each  armature  to  750  volts.  This  would, 
in  some  instances,  be  possible  as  regards  commutation,  but 
would  give  25  percent  higher  speed.     Operating  on   1500  volts 


FIG.   8 — DI.\GR.\M    OF    CONNECTIONS 

With  eight  motors  connected  permanently  two  in  series  for 
full-speed  operation  on  2400  and  1200  volts,  and  half  speed  on 
600  volts.    This  reduces  the  number  of  switches  to  36. 

with  four  armatures  in  series,  as  with  2400  volts,  the  speed  and 
kw  capacity  would  only  be  62.5  percent  of  the  normal,  while  on 
the  other  three  voltages  of  600,  1200  and  2400  it  would  be 
normal. 

2 — If  equipments  are  required  to  operate  over  these  same 
voltages  but  it  is  found  that  half  speed  on  600  volts  is  sufficient, 
as  would  be  the  case  in  many  instances,  the  armatures  would  be 
wound  for  1200  volts  and  full  speed  would  be  secured  with 
series-parallel  control  on  2400  and  1200  volts,  and  62.5  percent 
of  normal  speed  on  1500  volts,  unless  it  is  advisable  to  take  a 
chance  on  running  a  1200  volt  motor  on  1500  volts.  In  this  case 
only  four  armatures  are  needed  for  the  equipment. 

3 — If  it  is  required  to  operate  at  a  maximum  voltage  of 
3000,  and  also  at  2400,  1500,  1200  and  600,  it  would  be  desirable 
to  have  at  least  four  armatures  in  series  on  the  higher  voltage. 
The  speeds  for  the  different  line  voltages,  then,  with  combina- 
tions of  four  in  series,  two  in  series,  and  all  in  parallel,  with 
armatures  wound  for  750  volts,  would  give  full  output  at  3000 
and  1500  volts  and  80  percent  of  the  normal  speed  and  output  at 
2400,  1200  and  600  volts.  If  only  four  armatures  were  used  it 
would  be  desirable  to  connect  them  permanently  in  series  on 
the  3000  volt  system.  This  would  probably  be  the  case  where 
equipments  were  designed  primarily  for  operation  on  the  lower 
voltages. 
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4 — \\\\\\  4800  volts  un  tile  line  and  four  motors  connected 
permanently  in  series  at  this  voltage,  full  speed  and  output  can 
be  obtained  with  2400  and  1200  volts  and  half  speed  at  600  volts ; 
the  output  and  speed  at  3000  and  1500  volts  will  be  62.5  percent 
of  normal. 

The  conibinations  which  can  be  effected  in  this  way 
are  endless,  but  the  above  will  show  what  may  be  ex- 
pected in  bad  cases. 

As  illustrating  what  niay  be  done  to  meet  extraor- 
dinary conditions  may  be  mentioned  the  5000  volt  car 
equipment  at  Jackson,  Mich.  This  car  operates  over 
about  10  miles  of  suburban  line  with  5000  volts  on  the 
trolley,  and  also  over  two  miles  of  600  volt  line  in  the 
city  of  Jackson.  Series-parallel  control  is  used  on  the 
5000  volt  connections,  and  a  balancing  speed  of  50 
m.p.h.  is  normally  reached.  On  600  volts  the  four  sets 
of  armatures  are  connected  in  parallel,  and  a  speed  of  18 
to  20  m.p.h.  is  reached  by  shunting  the  fields  of  the 
motors.  This  speed  is  ample  to  make  the  schedule  re- 
quired in  the  city  limits,  and  while  the  armatures  are 
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motors  themselves  are  concerned,  there  is  very  little  ad- 
ditional complication  from  the  necessity  of  interchange- 
ability  on  different  voltages.  It  simply  requires  the  use 
of  more  armatures  and  at  a  greater  cost  than  would 
otherwise  be  necessary.  The  motors,  of  course,  would 
have  to  be  insulated  for  the  highest  voltage  on  which 
they  would  be  used.  The  complications  introduced 
would  be  mainly  in  the  control  system. 


The  rate  at  which  equipments  are  complicated  by 
multiplying  the  number  of  voltages  and  combinations  is 
indicated  by  Figs.  7,  8,  9  and  10.  It  is,  of  course,  not 
necessary  to  use  unit  switches  or  contactors  to  effect 
all  of  these  combinations,  as  drum  type  change-over 
switches  are  satisfactory  in  some  cases  for  transferring 
connections  when  the  current  is  off.  Such  a  scheme  is 
usually  used  for  car  equipments  operating  interchange- 
ably on  600  and  1200  volts,  Fig.  11  representing  a  stand- 
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FIG.  y — high-voltagp:  equipment 
With  eight  armatures  arranged  for  full-speed  operation  on 
one  voltage  only.    The  control  is  arranged  for  bridging  control 
with   the   fields   connected   always   to   the   ground   side   of   the 
motors  and  requires  only  20  switches. 

worked  somewhat  harder  than  usual,  on  accovuit  of  the 
low  voltage,  the  equipment  is  operating  on  this  portion 
of  the  line  so  small  a  proportion  of  the  time  that  the 
motors  can  easily  stand  the  service.  The  writer  believes 
that  this  method  of  operation  can  be  followed  success- 
fully in  a  great  many  instances  where  equipments  de- 
signed for  high-voltage  service  are  required  to  operate 
for  short  distances  over  low-voltage  lines.  It  is  quite 
practicable  to  shunt  the  iriotor  fields  down  to  a  very  low 
value  in  such  cases,  as  there  will  be  no  danger  of  flash- 
ing at  the  low  voltages. 

It  is  undesirable  to  equip  cars  with  more  than  four 
motors  each,  as  the  complication  and  cost  would  become 
too  great.  With  the  locomotive,  however,  it  is  quite 
practicable  to  operate  with  eight  motors.    As  far  as  the 


FIG.    lU — HIGH-VOLTAGE   EQUIPMENT 

Arranged  for  full-speed  operation  on  one  voltage,  shunt 
control.  Eight  motors  are  arranged  for  the  shunting  transi- 
tion with  only  13  switches. 

ard  arrangement  for  such  an  equipment.  It  will  be 
noted  that  the  change-over  switch  changes  both  motors 
and  resistances  from  series  to  parallel,  or  vice  versa. 
While  such  a  scheme  is  quite  satisfactory  for  lower  volt- 
ages, especially  for  car  equipments,  it  is  generally  con- 
sidered better  practice  to  arrange  the  motor  circuits  on 
high-voltage  equipments  so  as  to  effect  all  changes  pos- 
sible by  means  of  unit  switches.  All  changes  in  voltage 
combinations  can  then  be  readily  made  by  simply  chang- 
ing the  control  circuits.  The  use  of  unit  switches  ex- 
clusively for  making  combinations  in  the  main  motor  cir- 
cuits is  sometimes  carried  to  the  extent  of  using  them 
for  reversers  as  well,  especially  for  large  locomotives. 
This  has  the  advantage  of  maximum  reliability  and  the 
smallest  number  of  types  of  apparatus  for  the  equip- 
ment. 
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The  diagrams  which  have  been  shown  are  for  the 
plain  series  motors  operating  only  as  motors  without 
field  control  and  without  regeneration.  The  use  of  field 
control  usually  involves  the  use  of  two  additional 
switches  for  each  motor,  unless  two  motors  are  con- 
nected permanently  in  series,  when  they  can  be  con- 
trolled by  the  same  number  of  switches  as  a  single 
motor.  Thus,  a  two-motor  equipment  on  600  volts  can 
have  the  control  equipments  arranged  for  field  control 
by  the  addition  of  two  switches  per  motor,  or  a  total  of 
four  switches  for  the  equipment.  A  four-motor  equip- 
ment arranged  for  use  with  two  motors  connected  per- 
manently in  series  can  also  obtain  the  advantages  of  field 
control  by  a  total  of  four  switches,  but  if  the  four 
motors  are  ever  to  be  operated  in  full  parallel,  eight 
switches  will  be  necessary.  Where  eight  motors  are  to 
be  operated  with  field  control  and  arranged  for  full- 
speed  operation  on  three  voltages  as  600,  1200  and  2400, 
16  switches  will  be  required  for  a  single  step.  Much 
the  same  condition  prevails  where  the  equipments  are 
arranged  for  regenerative  control,  and  each  additional 
switch  means  additional  wiring  for  the  equipment,  both 
for  the  main  motor  circuits  and  for  the  operating  cir- 
cuits for  the  control. 

It  is  not  assumed  that  the  number  of  switches  which 
have  been  given  in  the  preceding  diagrams  is  the  exact 
number  that  will  be  required  for  any  given  case.  They 
are  simply  typical  and  comparative  diagrams.  In  any 
case,  however,  the  control  circuits  are  apt  to  become 
very  complicated  where  much  change-over  apparatus  is 
required  and  an  increased  number  of  train  line  wires 
between  the  cars  are  necessary  for  multiple  unit  opera- 
tion. That  it  is  perfectly  practicable  to  operate  compli- 
cated control  systems  satisfactorily  and  reliably  is  shown 
by  such  examples  as  that  of  the  New  York,  New  Haven 
&  Hartford  locomotives,  which  operate  both  from  11  cxx) 
volt  single-phase  trolley  and  from  the  under-running 
600  volt  direct-current  third  rail  of  the  New  York  Cen- 
tral system.  The  writer  has  seen  many  equipments 
operating  on  both  alternating  and  direct  current  and  has 
no  desire  to  see  that  method  of  operation  extended ;  but 
the  control  complications  introduced  by  such  an  equip- 
ment are  small  compared  with  what  would  be  involved 
in  operating  over  three  or  four  direct-current  voltages 
with  full  speed  on  three  of  them  and  with  several  dif- 
ferent forms  of  contact  devices.  There  is  no  question 
but  that  the  equipments  can  be  arranged  for  successful 
operation  in  this  way.  but  the  additional  first  cost  and 
the  cost  of  maintenance  would  be  so  great  as  to  be  a  seri- 
ous handicap  to  electrical  operation.  It  would  be  well- 
nigh  impossible  in  any  case  to  operate  equipments  from 
all  the  different  lines  in  the  same  multiple  unit  train, 
since  the  difficulty  of  having  the  control  interchangeable 
would  be  insurmountable.  The  simplest  multiple  unit 
equipments  require  from  seven  to  twelve  conductors  in 
the  train  line  cable,  and  in  view  of  the  fact  that  it  is  be- 
coming usual  to  have  train  line  wires  not  only  for 
operating  the  switches  governing  the  main  circuits,  but 
for  controlling  trolleys  or  contact  shoes,  lights,  air  com- 


pressors, signals,  etc.,  the  number  of  train  line  wires 
even  for  a  single  operating  voltage  sometimes  exceeds 
20.  Two  or  three  operating  voltages  would,  therefore, 
multiply  the  number  of  train  line  cables  so  that  possibly 
two  or  three  would  be  necessary  to  effect  satisfactory 
operation,  and  these  would  have  to  be  the  same  on  all 
equipments  if  the  cars  were  to  operate  interchangeably 
in  the  same  train. 

AUXILI.\RV    POWER    EQUIPMENT 

Every  electrical  equipment  has  several  auxiliaries 
which  are  usually  supplied  with  power  from  the  main 
supply  circuit.  On  600  volts  the  air  compressor  motor, 
blower  motor,  if  any,  and  lights  are  all  supplied  di- 
rectly from  the  line. 

Supplying  the  power  for  auxiliary  circuits  on  equip- 
ments receiving  power  at  several  diflferent  voltages  is 
one  of  the  most  annoying  problems  to  be  considered. 
Where  only  two  voltages  are  encountered,  such  as  600 
and  1200,  it  has  been  common  practice  to  use  a  dyna- 
motor  on  the  higher  voltage  to  reduce  the  line  voltage  to 
half  its  value  for  the  auxiliaries.  Double  commutator 
auxiliary  motors  are  sometimes  used  connected  in  series 
or  parallel  according  as  the  line  voltage  is  1200  or  600. 
In  this  case  the  control  and  lighting  currents  are  taken 
from  the  high-voltage  circuit.  Single  commutator  aux- 
iliary motors  are  also  sometimes  used  and  run  at  half 
speed  on  600  volts. 

Any  scheme  involving  operation  over  a  wide  range 
of  voltage  will  necessarily  complicate  the  equipment  if  it 
becomes  necessary  to  operate  continuously  over  any  one 
of  several  line  voltages.  For  the  higher  voltages  it  may 
be  that  the  use  of  a  storage  battery,  such  as  provided  on 
the  5000  volt  car  equipment  previously  referred  to,  may 
prove  to  be  the  most  satisfactory  means.* 

For  locomotive  use,  where  the  auxiliaries  require 
considerably  greater  power,  it  is  quite  feasible  to  use  a 
motor  generator  to  supply  power  to  the  auxiliaries.  The 
motor  should  be  series  wound,  so  as  to  secure  the  greater 
stability  due  to  that  type  of  winding.  In  this  case  for 
supplying  power  from  three  voltages,  as  2400,  1200  and 
600,  two  motors,  each  wound  for  1200  volts,  could  be 
used  to  drive  a  600  volt  generator,  and  connected  in 
series  or  parallel  according  as  the  line  voltage  was  2400 
or  1200.  \\'hen  operating  on  600  volts  the  motor  gen- 
erator set  would  not  be  needed  unless  it  were  driving  a 
blower,  in  which  case  the  600  volt  generator  could  be 
used  as  a  motor  taking  power  from  the  line. 

CONCLUSIOX 

The  logic  of  this  entire  paper  points  to  the  necessity 
for  the  early  standardization  of  some  of  the  more  impor- 
tant features  connected  with  electrification.  The  bene- 
fits of  standardization  would  be  immediately  felt,  not 
only  in  the  greater  security  of  the  railways  in  embark- 
ing on  a  project  of  electrification,  but  in  the  decreased 
cost  of  all  apparatus  connected  with  it.  If  manufac- 
turers could  confine  their  efforts  to  the  development  of 


*See  article  by  Mr,  N.  W.  Storer  in  the  Journal  for  Oct.. 
1915.  p.  445. 
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apparatus  for  one  or  two  voltages  only,  and  could  build 
enough  apparatus  of  one  type  to  put  it  on  a  manufactur- 
ing basis,  the  cost  would  be  greatly  reduced,  and  rail- 
ways could  save  a  large  percentage  of  the  present  cost. 
In  a  state  with  an  autocratic  government  such  mat- 
ters could  be  decided  by  one  man.  In  one  with  abso- 
lutely individual  freedom  of  action,  every  railway  might 
have  its  own  set  of  standards.  A  better  plan  than  either 
would  be  to  secure  the  fullest  co-operation  of  all  con- 
cerned, carefully  canvass  the  entire  subject,  and  make 
definite  recommendations  for  standards.  The  initiative 
in  such  an  important  matter  should  be  taken  by  those 
engineering  societies  which  number  among  their  mem- 
bers the  men  who  are  necessary  to  decide  such  questions 
on  their  engineering  merits.  The  writer  does  not  advo- 
cate that  everything  connected  with  electrification  should 
be  standardized  either  immediately  or  in  the  near  future, 
but  he  feels  that  such  things  as  the  location  of  the  con- 
tact rail  for  third-rail  systems  and  of  a  contact  line  for 
overhead  systems  could  be  settled  within  a  short  time ; 


FIG.    II — DI.^GRAM    OF    MAIN    CIRCUITS    FOR   STANDARD   HL   CAR 
EQUIPMENT  AT  600  AND    1200  VOLTS 

also  that  the  question  of  voltage  can  be  decided  before 
any  further  railways  are  electrified  or  extensions  are 
made  to  existing  direct-current  systems.  The  former  is 
more  especially  a  question  for  the  railways  themselves  to 
decide  and  is  simply  a  matter  of  the  railway  men  "get- 
ting together,"  but  the  latter  is  one  for  all  engineers  in- 
tereste  1  in  electric  railroading ;  and  although  it  is  some- 
what beyond  the  scope  of  this  paper,  the  writer  will 
venture  a  suggestion  concerning  it. 

Since  the  600  volt  system  is  so  thoroughly  established 
and  also  is  so  well  suited  to  the  requirements  of  terminal 
electrification,  it  should  be  continued  as  one  of  the 
standards,  at  least  for  the  present.  While  it  is  probable 
that  but  little  will  be  done  towards  the  electrification  of 
entire  railway  systems  in  the  next  few  years,  one  other 
voltage  should  be  selected  that  will  be  suitable  for  such 
service  and  will  at  least  serve  to  direct  the  aim  of  those 
about  to  electrify.  This  voltage  should  be  high  enough 
to  permit  the  heaviest  drafts  of  power  required  to  be 


collected  from  the  overhead  conductor  without  exceed- 
ing the  capacity  of  a  single  wire  or  a  single  collector,  and 
to  reduce  the  amount  of  copper  in  the  feeder  system  to 
the  lowest  value  consistent  with  reliable  distribution.  If 
motor-generator  or  rotary  converter  substations  are 
used,  the  number  should  be  reduced  as  far  as  possible  so 
as  to  secure  a  good  load  factor  and  thus  decrease  the 
cost  and  improve  the  efficiency.  If  the  vapor  converter 
proves  to  be  a  commercial  apparatus  for  such  work,  sub- 
stations may  be  placed  economically  at  more  frequent 
intervals.  The  determining  factor  in  the  entire  question 
will,  of  course,  be  the  cost,  not  only  of  the  original  in- 
stallation, but  of  operation  and  maintenance.  This  will 
depend  very  largely  on  the  electrical  equipment  of  the 
locomotives  and  cars.  It  is  obvious  that  the  voltage  will 
also  depend  on  whether  the  equipments  would  be  obliged 
to  operate  at  full  speed  on  600  volts.  If  they  are,  it  is 
practically  useless  to  think  of  anything  higher  than  2400 
volts.  This  may  possibly  be  high  enough  for  the  maxi- 
mum trains  in  Great  Britain,  but  it  is  not  considered 
high  enough  in  the  United  States,  as  is  proven  by  the 
fact  that  the  Chicago,  IMilwaukee  &  St.  Paul  has  adopted 
3000  volts  for  their  extensive  system  after  a  short  ex- 
perience with  2400  volts  on  the  Butte,  Anaconda  &  Pa- 
cific Railway.  In  this  case  the  service  is  so  heavy, 
although  by  no  means  the  maximum  that  will  be  re- 
quired in  America,  that  it  is  still  necessary  to  use  two 
4/0  trolley  wires  and  a  large  amount  of  feeder  copper. 
The  writer  believes  that  a  still  higher  voltage  should  be 
adopted  if  direct  current  is  to  be  used  for  trunk  line 
service  with  such  heavy  trains. 

It  is  generally  conceded  that  1500  volts  is  about  the 
maximum  that  can  be  applied  to  the  armature  of  a  four- 
pole  railway  motor.  Even  with  that  voltage  it  is  difficult 
to  find  space  for  the  necessary  number  of  commutator 
bars  and  brushholders,  especially  for  small  motors.  It 
would,  therefore,  be  necessary  to  connect  more  than  two 
four-pole  motors  permanently  in  series  for  operation 
with  more  than  3000  volts.  The  type  of  motor  used  for 
the  3000  volt  equipment  which  has  been  mentioned  in  the 
previous  pages  oiTers  a  solution  for  the  problem  which 
makes  a  very  considerable  increase  in  line  voltage  ap- 
pear not  only  possible  but  easy,  in  so  far  as  commuta- 
tion and  commutator  bars  are  concerned.  While  this 
development  has  thus  far  not  been  carried  far  enough 
to  prove  the  entire  success  of  the  5000  volt  direct-cur- 
rent system,  it  at  least  offers  to  those  who  desire  a  high 
direct-current  voltage  good  ground  for  hoping  for  the 
realization  of  their  wishes. 

The  writer  suggests  that,  if  possible,  the  through 
lines  should  be  differentiated  from  the  purely  suburban 
lines,  and  that  the  best  voltage  for  the  former  should  be 
adopted  regardless  of  the  latter;  and  that  an  overhead 
contact  wire,  in  addition  to  the  600  volt  third  rail,  be 
placed  over  each  track  that  requires  full-speed  operation 
for  both  equipments.  While  such  a  scheme  has  its  disad- 
vantages, they  are  negligible  compared  with  the  com- 
plication of  equipments  necessitated  by  the  interchange- 
able operation  on  several  different  voltages. 
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THE  figuring-  of  correct  costs  is  one  of  the  most  dif- 
ficult of  the  many  problems  confronting  the  man- 
agement of  every  manufacturing  industry.  The 
elements  involved  are  labor  and  material  actually  ex- 
pended either  directly  or  indirectly ;  the  direct  expendi- 
tures are  rather  easily  obtained,  but  the  indirect  expend- 
itures have  so  many  ramifications  as  to  be  quite  bewil- 
dering, especially  when  there  is  a  diversity  of  manufac- 
tured products.  However,  it  will  be  evident  after  a  mo- 
ment's consideration  that  accuracy  in  costkeeping  is  an 
essential  factor  in  the  successful  conduct  of  any  busi- 
ness ;  it  may,  in  fact,  be  said  to  be  the  cornerstone  of 
the  entire  accounting  system  of  a  company,  and  unless 
properly  laid  the  whole  fabric  of  accounting,  no  matter 
how  perfectly  worked  out  in  other  respects,  will  be 
practically  worthless. 

The  only  reason  a  business  concern  has  for  its  exist- 
ence is  to  make  money  for  its  stockholders,  and  in  order 
to  do  this  a  profit  must  be  made  on  its  wares ;  that  is,  the 
total  selling  prices  must  exceed  the  total  costs,  but  with- 
out a  system  of  figuring  costs  correctly  the  actual  profit 
cannot  be  ascertained.  While  it  is  a  comparatively  easy 
matter  to  determine  the  total  cost  of  all  apparatus  en 
masse  built  in  a  given  period  of  time,  it  is  almost  a  physi- 
cal impossibility  to  determine  the  exact  cost  of  any  par- 
ticular piece.  The  cost  of  the  material  required  can  usu- 
ally be  calculated  from  drawings,  etc.,  as  can  the  wages 
of  the  workers  actually  engaged  in  the  building ;  but  the 
indirect  expenses,  consisting  of  both  labor  and  material, 
such  as  heat,  light,  foreman's  supervision,  etc.,  which 
must  also  be  taken  into  account,  are  very  difficult  to  allot 
properly  and  with  exactness  to  the  various  classes  of  ap- 
paratus. For  example,  assuming  that  the  charges  for 
heating  and  lighting  a  department  as  a  whole  could  be 
determined,  how  can  these  charges  be  distributed,  to- 
gether with  the  foreman's  salary,  proportionately  among 
the  orders  for  apparatus  going  through  that  department  ? 
There  are  five  steps,  as  shown  in  Fig.  i,  involved  in 
arriving  at  the  selling  price  of  an  order;  namely,  deter- 
mining first,  the  direct  cost ;  second,  the  factory  cost ; 
third,  the  total  factory  inclusive  cost  (so  called  for  want 
of  a  better  name)  ;  fourth,  the  commercial  or  total  cost, 
and  fifth,  the  selling  price.  The  direct  cost  consists  of 
the  wages  of  the  actual  workers  and  the  direct  material 
cost ;  the  factory  cost  is  the  direct  cost  plus  a  certain 
amount  to  cover  indirect  factory  expense ;  the  total  in- 
clusive cost  is  the  factory  cost  plus  an  additional  amount 
to  cover  any  adjustment  on  completed  orders  or  factory 
expense,  development  cost,  etc.  This  may  or  may  not 
be  an  important  item.  The  commercial  or  total  cost  is 
the  total  factory  inclusive  cost  plus  a  certain  amount  to 
cover  administration,  royalty  and  general  selling  ex- 
pense ;  the  selling  price  is  the  commercial  or  total  cost 
plus  a  certain  amount  to  cover  profit. 


Neglecting  for  the  moment  such  items  as  total  inclu- 
sive cost,  royalty,  administration  and  general  selling 
expense,  how  can  the  indirect"  factory  expense  be  dis- 
tributed among  the  various  orders?  There  are  many 
ways  of  doing  this,  several  of  which  are  in  general  use, 
and  it  is  these  which  will  be  briefly  touched  upon  here. 

DIRECT  LABOR  COST   METHOD 

The  first  method  is  known  as  the  percentage  on 
direct  labor  cost  method.  Under  it  the  indirect  expense 
of  a  piece  of  apparatus  or  production  order,  including 
both  labor  and  material,  is  figured  as  a  percentage  of 
the  direct  labor.  To  ascertain  what  such  percentage 
should  be,  all  of  the  indirect  expense  in  the  works  is 
totaled  over  a  given  period,  say  one  year ;  likewise,  the 
wages   (direct  lalior)   of  all  of  the  employees  engaged 
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on  apparatus  or  jiroduction  orders  iluring  the  same  time ; 
that  is,  the  wages  of  those  directly  at  work  in  the  build- 
ing of  apparatus  (not,  however,  including  the  wages  of 
truckers,  elevator  men,  crane  meii  or  the  like,  which 
should  be  considered  as  items  of  indirect  expense).  The 
ratio  between  such  totals  of  indirect  expense  and  the 
wages  (direct  labor)  is  considered  as  the  percentage  to 
be  used  in  connection  with  every  order  for  apparatus 
being  built,  until  such  time  as  it  is  deemed  advisable  to 
check  again  to  see  if  this  ratio  has  changed.  To  apply 
this  method  of  figuring  costs  to  an  individual  piece  of 
apparatus  or  production  order,  it  is  necessary  simply  to 
multiply  the  direct  labor  of  the  order  by  this  percentage 
and  add  to  the  product  the  cost  both  of  the  direct  labor 
and  of  the  material  used,  when  the  factory  cost  of  the 
order  will  then  be  obtained. 

The  method  is  based  upon  the  principle  that  the  prod- 
uct increases  in  value  as  money  in  the  form  of  wages 
or  direct  labor  is  expended  upon  it ;  and  the  greater  the 
amount  of  money  thus  expended,  the  greater  the  indi- 
rect expense  of  supervision,  management,  etc.  This 
may,  of  course,  be  quite  fallacious  reasoning  at  times, 
for  imagine  two  workmen,  one  skilled,  the  other  un- 
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skilled,  being  given  similar  jobs  to  do.  The  skilled 
workman  needs  no  supervision,  while  the  unskilled 
workman  requires  considerable,  yet  both  jobs  are  in- 
creased by  the  same  percentage  to  cover  the  indirect  fac- 
tory expense.  Again,  simply  by  placing  on  a  job  a  work- 
man with  a  lower  hourly  rate  than  had  previously  been 
the  case,  the  indirect  factory  expense  is  at  the  same  time 
assumed  to  be  reduced  and,  therefore,  the  cost  of  the  job 
is  reduced,  which,  of  course,  is  erroneous.  Still  again, 
the  tools  used  on  two  jobs  may  be  widely  different,  hence 
the  first  cost,  interest  charges,  depreciation,  floor  space 
occupied  (and,  therefore,  heat,  light,  rent),  power  and 
crane  service  required,  insurance,  etc.,  would  be  rad- 
ically different,  yet  under  this  system  of  figuring  costs, 
all  of  these  differences  are  at  best  applied  in  a  rather 
unscientific  manner. 

The  cost  of  the  raw  materials  as  received  at  the 
works  is  usually  increased  by  a  few  percent  to  cover  the 
cost  of  handling  in  the  storerooms  preparatory  to  their 
use  in  the  manufacturing  departments. 

As  the  preceding  method  of  figuring  costs  is  perhaps 
more  common  than  any  other ;  and  further,  as  most 
others  in  use  are  but  variations  of  this  one,  it  will  be 


$100 
40 


TABLE    I 
direct  labor, 
raw  material, 


$140  direct  cost, 

20  indirect  factory  expense   (100  X  O.20), 

$160  factory  cost, 

8  commercial  expense  (160  X  0.05"), 

$168  total  cost, 

25.20  15  percent  added  for  profit  (168  X  O.15), 


$193.20     selling  price. 

advisable  to  discuss  the  method  more  fully  by  actually 
applying  it  in  the  compilation  of  the  cost  of  a  repre- 
sentative order  in  a  small  manufacturing  concern. 

Examining,  therefore,  the  records  of  such  a  com- 
pany, it  is  seen  there  have  been  spent  on  all  completed 
orders  during  the  past  year, — • 

$100000     total  for  wages   (direct  labor), 
40  000     total  for  raw  materials, 
20  000     total  for  indirect  factory  expense. 


$160000     total  factory  cost,  and 

$8000    total   commercial   expense    (selling,    adminis- 
tration, royalty). 

With  reference  to  so-called  raw  materials,  it  will  usu- 
ally not  do  to  charge  them  against  individual  apparatus 
or  production  orders  at  the  same  cost  as  they  were  pur- 
chased from  the  manufacturers,  for  the  reason  that  they 
have  to  be  handled  both  when  being  received  into  the 
storekeeping  department  after  being  purchased  and  again 
when  being  issued  to  the  factory  for  subsequent  use  in 
the  building  of  apparatus ;  there  are  such  further  items 
as  shrinkage,  loss,  wastage,  etc,  with  which  to  contend. 
Good  accounting,  therefore,  requires  that  the  necessary 
percentage,  perhaps  one  or  two  percent,  be  added  to  the 
original  cost  to  cover  these  additional  items,  and  such 
may  be  added  (as  shown  to  be  advisable)  either  by  the 
storekeeping  department  before  being  issued  to  the  fac- 


tory, or  by  the  factory  before  making  up  the  cost  of  indi- 
vidual apparatus  or  production  orders. 

The  first  step,  as  was  stated,  is  to  find  the  ratio  be- 
tween the  total  indirect  factory  expense  and  the  total 
wages  or  direct  labor.  It  is  seen  to  be  one-fifth,  or  JO 
percent;  therefore,  the  actual  indirect  factory  expense 
which  each  individual  apparatus  or  production  order  is 
to  bear  thereafter,  say  for  the  following  year,  will  be  20 
percent  of  the  wages  or  direct  labor.  Any  difference 
between  the  assigned  and  the  actual  indirect  factory  ex- 
pense must  be  regularly  cleared,  and  this  is  accomplished 
by  debiting  or  crediting  such  dift'erence  monthly  or  annu- 
ally, as  may  be  decided  upon,  either  to  a  suspense  ac- 
count or  to  profit  and  loss,  as  the  case  may  require. 
This  same  explanation  applies  to  all  methods  of  dispos- 
ing of  indirect  factory  expense  upon  a  percentage  basis. 
The  factory  cost  is,  however,  not  the  total  cost.  There 
are  other  expenses  of  quite  a  different  kind  still  to  be  in- 
cluded in  order  to  obtain  the  total  cost,  which  cannot  be 
charged  against  a  particular  piece  or  class  of  apparatus. 
These  must,  therefore,  also  he  charged  indirectly,  neg- 
lecting adjustment  on  completed  orders  or  factory  ex- 
pense, development  cost,  etc. ;  they  are  known  as  com- 
mercial or  selling,  administration  and  royalty  expenses. 
As  in  the  case  of  indirect  factory  expense,  there  are  a 
variety  of  ways  in  which  such  expenses  may  be  ab- 
sorbed ;  but  perhaps  the  most  commonly  employed 
method  is  to  proportion  them  as  a  percentage  of  factory 
cost.  Reverting  again  to  the  records  of  the  company 
under  discussion,  the  commercial  expenses  during  the 
past  year  are  seen  to  have  totaled  $8000,  This  is  five 
percent  of  the  total  factory  cost  of  $160000;  so  to  the 
factory  cost  of  each  individual  apparatus  or  production 
order  for  the  following  year  will  be  added  five  percent 
to  cover  commercial  expenses,  etc.,  thus  giving  the  total 
or  commercial  cost  of  such  an  order  when  delivered  on 
board  cars  at  the  works  for  shipment  to  a  customer. 

Suppose  now  it  is  desired  to  ascertain  the  commer- 
cial cost  by  this  method  of  a  certain  completed  order 
(Table  I).  Getting  together  first  all  of  the  workmen's 
time  slips  which  bear  the  particular  order  number,  these 
are  added  and  found  to  equal,  say  $100.  This  item  is 
then  the  wages  or  direct  labor  cost.  From  the  drawings 
the  quantities  and  kinds  of  materials  used  are  next 
ascertained,  and  the  values  of  these  calculated  on  the 
basis  of  prices  furnished  by  the  purchasing  and  the 
storekeeping  departments.  In  this  case  the  materials 
total,  for  example  $40,  and  this  is,  therefore,  the  raw 
material  cost.  The  total  of  these  two  items  gives  the 
direct  cost.  The  indirect  factory  expense  is,  as  pre- 
viously determined,  20  percent  of  the  wages  or  direct 
labor,  or  $20.  The  factory  cost  of  this  order,  neglecting 
adjustment,  development,  etc.,  consequently  is  made  up 
of  $100  for  wages  or  direct  labor,  $40  for  material  and 
$20  for  indirect  factory  expense,  making  a  total  of  $160. 
Taking  next  five  percent  of  the  factory  cost  of  $160, 
or  $8,  for  the  commercial  expense  connected  with  the 
order  and  adding  this  to  $160,  totals  $168,  for  the  com- 
mercial cost.    The  only  item  left  still  to  be  considered  is 
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profit ;  and  this,  as  may  readily  be  supposed,  is  gener- 
ally figured  on  the  total  or  commercial  cost.  Taking  it 
at  15  percent  of  $168,  or  $25.20,  and  adding  it  to  the 
commercial  cost  of  $168,  makes  the  selling  price  $193.20 
for  the  order  under  discussion. 

If,  instead  of  being  a  small  company,  the  concern  in 
question  were  a  very  large  one,  the  method  just  de- 
scribed would  probably  be  deviated  from  to  some  extent. 
The  company  would,  perhaps,  be  considered  as  several 
small  independent  concerns,  housed  together  under  one 
roof  for  certain  mutual  advantages,  and  the  scheme  out- 
lined then  applied  to  each  section  independently  of  the 
others. 

DIRECT  LABOR  HOURS  METHOD 

The  second  method  of  figuring  costs  is  called  the 
direct  labor  hours  method.  It  is  quite  similar  to  the  one 
just  described  except  that  the  hours  (instead  of  the 
wages)  put  in  by  the  actual  workers  are  totaled  over  a 
certain  period,  and  the  ratio  then  found  between  the 
total  indirect  factory  expense  and  the  total  hours.  This 
ratio,  which  gives  a  value  in  cents  per  hour,  say  ten 
cents,  is  used  as  a  multiplying  factor,  the  number  of 
hours  expended  on  any  order  by  the  actual  workers 
being  multiplied  by  it  to  give  the  indirect  factory  ex- 
pense connected  with  that  order.  If,  for  example,  a 
workman  whose  rate  is  20  cents  per  hour  works  five 
hours  on  a  job,  the  actual  wages  would  be  20  X  5.  or  $1. 
The  indirect  expense  at  10  cents  per  hour  for  five  hours 
would  be  $0.50.  Here  the  theory  is  that  the  indirect 
expense  is  a  function  of  the  time ;  that  is,  an  unskilled 
workman  will  take  a  longer  time  than  a  skilled  workman 
and,  therefore,  the  indirect  expense  should  be  pro- 
portioned accordingly.  This  method  is  an  improve- 
ment over  the  percentage  on  direct  labor  cost  method 
in  substituting,  as  it  does,  time  taken  for  labor 
cost,  and  thus  showing  that  the  longer  a  job  continues 
in  work  the  more  expensive  it  is.  However,  no  dis- 
tinction is  made  between  the  tools  used,  whether  largo 
and  expensive  and,  therefore,  occupying  more  floor 
space,  requiring  more  power,  light  and  heat,  having 
greater  interest  or  depreciation  charges,  etc.,  or  whether 
small  and  inexpensive  and,  consequently,  involving  such 
charges  to  a  lesser  degree.  It  also  is  thus  far  short  of 
meeting  the  requirements  of  an  accurate  cost  system. 

DIRECT  LABOR  AND  MATERIAL  COST  METHOD 

A  third  method  of  figuring  costs  is  known  as  the  per- 
centage on  direct  labor  and  material  method,  and  is  iden- 
tical with  the  percentage  on  direct  labor  cost  method, 
except  that  the  indirect  factory  expense  is  proportioned 
on  the  total  cost  of  the  labor  and  the  material  together. 
It  will  be  evident  that  if  there  are  two  orders  having  the 
same  total  of  labor  and  material,  but  with  a  wide  varia- 
tion in  the  material  used,  one  order  being  nearly  all  ma- 
terial, while  the  other  is  nearly  all  labor,  this  method 
would  give  extremely  inaccurate  results.  The  cost  would 
apparently  be  the  same,  but  it  is  obvious  that  the  one 
requiring  the  more  labor  was  in  reality  the  more  expen- 
sive to  build.  This  method  has  an  extremely  limited 
application,  as  it  can  be  applied  only  to  such  items  as 


have  a  small  amount  of  labor  performed  on  them  and 
where  the  methods  involved  are  similar  in  practically  all 
respects. 

MACHINE   R.\TE    METHOD 

Still  another  method,  and  the  most  scientific  of  all,  is 
the  new  machine  rate  method.  Under  this  scheme  the 
indirect  factory  expense  items  are  charged  to  the  ma- 
chines and  processes  to  which  they  properly  belong.  The 
total  for  each  machine  and  process  is  then  divided  by 
the  total  estimated  working  hours  of  such  machine  and 
process  during  this  same  period,  the  result  giving  an 
hourly  indirect  expense  rate  to  each  machine  and  process 
quite  independent  of  the  workman's  hourly  rate,  so  that 
if  a  workman  whose  rate  is  30  cents  per  hour  spends 
five  hours  operating  a  certain  machine,  the  hourly  indi- 
rect expense  of  which  is  $1.60,  the  total  direct  labor  and 
the  total  indirect  expense  of  that  operation  would  be 
respectively  0.30  X  5,  or  $1.50,  and  1.60  X  5,  or  $8.00, 
or  a  total  of  $9.50.  It  is,  however,  impossible  to  segre- 
gate all  of  the  indirect  expense  directly  to  machines  and 
processes  so  the  imallotted  portion  or  the  general  indi- 
rect expense,  such  as  foremen's  and  clerks'  salaries, 
which  are  common  to  all  tools  and  processes,  is  divided 
by  the  total  estimated  working  hours  of  all  the  tools  and 
processes  during  the  period  selected,  and  the  quotient 
then  used  as  a  common  supplementary  rate  to  be  added 
to  the  hourly  indirect  expense  rate  of  each  machine  and 
process ;  or,  the  general  indirect  expense  may  be  figured 
as  a  percentage  by  which  the  indirect  expense  cost  of  the 
output  from  each  machine  and  process  must  be  increased 
to  give  the  total  indirect  expense  cost  of  the  product, 
which  is,  of  course,  practically  the  same  thing. 

Since  it  would  be  impracticable  in  a  works  of  any 
considerable  size  to  apply  hourly  indirect  expense  and 
supplementary  rates  to  every  individual  machine  and 
process,  the  equipment  may  be  divided  into  a  number 
of  groups,  the  machines  and  processes  being  then  as- 
signed to  the  group  to  which  each  naturally  belongs, 
even  though  separated  geographically,  and  taking  ac- 
cordingly the  hourly  rate  of  all  other  machines  and  pro- 
cesses in  the  same  group. 

In  practice  the  estimated  and  the  actual  hours 
worked  by  any  machine  or  process  would  seldom,  if 
ever,  be  in  agreement,  so  that  allowances  are  therefore 
necessary  for  such  difference.  Assuming  the  total  actual 
hours  worked  by  all  machines  and  processes  to  have 
been  less  than  estimated,  this  difficulty  may  be  overcome 
by  totaling  the  indirect  expense  of  the  entire  factory  for 
a  given  period,  say  a  month,  and  subtracting  from  it  the 
total  indirect  expense  directly  chargeable  to  all  of  the 
various  machines  and  processes  for  the  hours  actually 
worked  during  such  period  (number  of  hours  worked 
multiplied  by  the  hourly  rates  of  the  respective  machines 
and  processes),  the  diflference  being  the  indirect  expense 
common  to  all  machines  and  processes,  including  that 
due  to  idle  time  and,  therefore,  to  be  borne  by  all  ma- 
chines and  processes  in  actual  use.  This  difference  is 
then  divided  by  the  total  hours  actually  worked  by  all  of 
the  machines  and  processes  combined,  and  the  resulting 
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hourly  rate  will  be  the  actual  supplementary  rate.  The 
difference  between  it  and  the  estimated  supplementary 
rate  will  have  to  be  added  to  the  estimated  supple- 
mentary rate  to  be  used  for  the  month  following,  unless, 
of  course,  the  compilation  of  costs  can  be  held  up  until 
the  end  of  each  month,  at  least  as  far  as  the  supple- 
mentary rate  is  concerned,  in  which  event  the  correct 
supplementary  rate  can  be  obtained.  Judgment  must 
naturally  be  exercised  in  applying  these  supplementary 
rates.  For  example,  in  a  period  of  business  depression, 
when  perhaps  but  a  small  number  are  at  work,  it  will 
not  do  to  make  a  few  tools  bear  the  entire  expense  due 
to  the  idleness  of  all  the  rest  of  the  equipment;  for  if 
this  was  done,  the  factory  cost  of  any  items  produced 
under  such  abnormal  conditions  would  be  so  high  as  to 
preclude  its  being  sold.  The  proper  solution  in  such 
instances  is  to  figure  the  supplementary  rate  as  in  nor- 
mal times  as  far  as  tools  actually  at  work  are  concerned, 
then  to  charge  the  unabsorbed  expense  due  to  idle 
equipment  against  incomes  or  profit  and  loss  account. 


ment  on  which  interest  is  figured  should  be  decreased  in  the 
proportion  in  which  tlie  depreciation  accumulates  after  the  first 
year.  For  example,  if  a  tool  costs  $2200,  and  interest  is  to  be 
taken  at  six  percent  while  depreciation  is  assumed  at  ten  per- 
cent, then  the  interest  during  the  first  year  after  its  purchase 
is  $133  and  the  depreciation  $220.  The  interest  during  the  sec- 
ond year  is  taken  at  si.x  percent  on  $1980  ($2200  —  $220), 
giving  $118,80,  while  the  depreciation  continues  at  $220.  When 
these  two  items  are  included  with  the  other  items  shown  in  this 
example  as  going  to  make  up  the  cost  of  an  article  and  a  profit 
of,  say  fifteen  percent,  is  then  added  to  such  cost,  it  is  to  be 
particularly  noted  that  not  only  has  six  percent  or  $132  been 
made  on  the  investment,  but  fifteen  percent  has  in  addition  been 
made  on  the  six  percent  interest  ($132)  as  well;  likewise  fifteen 
percent  on  the  ten  percent  depreciation  ($220).  Some  con- 
cerns prefer  not  to  include  interest  in  the  cost  but,  after  the 
cost  has  been  ascertained,  to  add  an  amount  to  the  selling  price 
to  compensate.  Depreciation  is,  however,  almost  invariably 
included,  since  it  is  considered  more  like  an  item  of  repairs. 
Obviously,  of  two  concerns  using  these  methods,  the  one  ex- 
cluding the  interest  from  the  cost  at  first,  by  compensating  for 
it  subsequently  in  the  selling  price,  would  come  a  little  nearer 
to  absolute  accuracy  in  figuring  costs. 

Item  3 — Computed  in  this  example  for  ease  in  calculation  at 
the  rate  of  10  percent  per  annum  on  the  original  value  of  the 
tool.  Certain  concerns  depreciate  a  tool  immediately  upon  its 
purchase,  and  then  continue  the  depreciation  by  a  further  small 
annual  percentage  of  the  original  value.  The  best  way  is  to  de- 
preciate a  tool  at  once  to  a  certain  percentage  of  the  original  cost 
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Total    

1 

ISOO 

$300 

37.75 

24915 

$537.29 

Items— fSee  Text) 
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3           4       1        5 
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0 

10 

II 

12 

13 

14 

IS               16 

" 

18 

10 

There  are  variations  in  details  from  the  preceding 
general  scheme ;  but,  as  already  stated,  it  is  the  most 
scientific  method  of  figuring  costs  yet  devised,  and  on 
this  account  well  worth  while  outlining  rather  more 
fully.  Assume  then  that  it  is  desired  to  investigate  a 
small  manufacturing  establishment  with  respect  to  the 
proper  indirect  expense  and  supplementary  rates  which 
should  be  assigned  to  each  unit  of  its  equipment.  The 
equipment  is  listed  as  shown  in  Table  II,  together  with 
the  principal  items  connected  either  with  the  building 
itself  or  with  the  equipment.  Certain  items  have,  how- 
ever been  omitted  in  the  example  taken,  simply  to  avoid 
making  it  too  cumbersome,  but  any  such  are  to  be  treated 
in  one  of  the  ways  set  forth  for  the  items  described. 
The  method  of  arriving  at  the  values  set  opposite  each 
is  as  follows : — 

Item  I — Taken  from  the  bills  rendered  by  the  manufacturer 
or  builder  of  the  tool. 

Item  2 — Computed  at  the  rate  of  six  percent.  It  should 
be  noted,  however,  that  whenever  both  interest  and  depreciation 
are  to  be  taken  into  consideration  in  the  same  item  the  invest- 


suflicient  to  represent  a  price  that  could  probably  be  obtained  if 
the  necessity  arose  for  disposing  of  it  in  the  immediate  future, 
then  to  depreciate  thereafter  at  a  fixed  percentage  of  the  re- 
maining value  each  year,  depending  upon  the  assumed  life  of  the 
tool. 

Item  .;— Estimated   from  cost  of  repairs  during  preceding 
period  for  tools  of  each  class,  as  shapers,  planers,  etc. 

Item  5 — Taken  from  actual  measurements  of  floor  space  oc- 
cupied by  each  tool,  including  overhang  of  parts. 

Item  6— Assumed  at  about  twice  the  actual  floor  space  occu- 
pied by  each  tool,  though  it  can  be  fairly  closely  measured,  but 
will  vary  to  some  extent  with  the  class  of  work. 

Item  7— Cost  of  building  30  by  50  ft.  =  1500  sq.  ft.  =$3000. 
Interest ........    6      percent  '\ 

Depreciation    o  " 

Repairs 2  "        ^  10  percent. 

Taxes 1.8 

Insurance ....  0.2  "  J 
3000  X  o.io  =  $300,  interest  on  investment,  including  taxes,  re- 
pairs, insurance.  300  -^  1500  =  $0.20,  value  per  sq.  ft.  of  floor 
space.  It  will  be  noticed  that  nothing  has  been  allowed  for  de- 
preciation, since  the  building  is  new  and  two  percent  has  been 
allowed  for  repairs.  Later,  depreciation  a%  well  as  repairs 
should  be  taken  into  account. 

Item  5— Estimated  from  cost  of  all  small  tools  and  supplies 
during  preceding  period. 

Item  9 — Horse-power  given  by  the  manufacturer  or  builder 
of  the  tool. 
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hem  /o— Power  is  arbitrarily  assumed  to  be  purchased  at 
two  cents  per  kw-hr  and  the  total  consumption  is  read  from  a 
meter:  additional  to  this,  the  cost  of  certain  other  items  must 
be  included.  The  motor  is  supported  in  the  overhead  construc- 
tion of  the  building,  so  no  allowance  need  be  made  for  floor 
space  occupied.  It  will  be  observed  that  the  capacity  of  the 
motor  is  40  horse-power,  and  the  machine  tools  when  all  run- 
ning at  full  load  require  37H  horse-power,  plus  15  percent  loss, 
or  a  total  of  44.4  horse-power;  however,  the  assumption  is 
made,  and  it  is  a  fair  one.  that  they  practically  never  run  at  full 
load  at  the  same  time,  or  when  they  do.  the  motor  is  capable  of 
standing  this  amount  of  overloading.  The  tools  take,  all  told. 
85000  horse-power-hours  (cols.  9  and  /.^)  during  the  year,  but 
allowing  a  loss  of.  say  15  percent,  in  line  shafting  and  motor, 
the  total  power  consumption  as  read  on  the  meter  is  100  000 
horse-power-hours,  or  75  000  kw-hrs.  This  power  cost  must  be 
further  increased  by  interest,  depreciation  and  insurance  on  the 
cost  of  the  motor  and  its  accessories. 
75  000  =  meter  reading  in  kilowatt-hours  for  the  year. 
75000  X  0.02  =  $1500.  cost  of  power  for  the  year  at  2  cents  per 

kilowatt-hour. 
$600  =  cost  of  motor  and  accessories. 

Interest 6      percent! 

Depreciation    10  "       \  16.2  percent. 

Insurance ....     0.2        "       J 
600  X  0.162  =  $97.20.  interest,  depreciation  and  insurance  on 

cost  of  motor  and  accessories. 
$1500.00 
97.20 
0.80    oil,  etc. 


$1598.00  total  cost  of  power  for  the  year. 
$1598.00  -^  85  000  =  $0.0188,  total  cost  of  power  per  horse- 
power-hour. The  horse-power  of  each  tool  as  listed  in  column 
9,  multiplied  by  the  total  cost  per  horse-power-hour,  and  this 
product  multiplied  in  turn  by  the  estimated  working  hours  per 
year  as  listed  in  column  14,  gives  the  total  cost  for  power  for 
each  tool  for  the  year,  as  shown  in  column  lO.  Similar  remarks 
apply  to  interest  and  depreciation  as  were  referred  to  under 
item  /. 

Itetn  II — Arbitrarily  assumed  at  14  cents  per  sq.  ft.  for 
:  installation ;  also  8.33  cents  per  sq.  ft.  for  operation  and  main- 
jtenance  per  year.  1500  X  0.14  =  $210,  cost  of  installation  for 
lamps  and  wiring.  210  X  0.06  =  $12.60,  interest  on  cost  of 
installation  of  lamps  and  wiring.  $12.60  -=-  1500  =  S0.0084. 
interest  charge  per  sq,  ft.  for  lamps  and  wiring. 
$0.0084 
0.0833 

$0.0917     total  charge  for  lighting  per  sq.  ft.  per  year. 
The   square   feet   of   working   space   required   by   each   tool   as 
listed  in  column  6,  multiplied  by  the  total   charge  per  sq.   ft., 
gives   the   total  cost  for  light   for  each  tool   for   the  j'ear,   as 
shown  in  column  //. 

Item  12 — Heat  is  purchased  from  an  outside  concern  and  is 
arbitrarily  assumed  to  cost  25  cents  per  sq.  ft.  for  piping  and  in- 
stallation ;  also  8.5  cents  per  sq.  ft.  for  operation  and  main- 
tenance per  year.  1500  X  O.25  =  $375,  cost  of  installation  and 
piping.  375  X  0.06  =  $22.50,  interest  on  cost  of  installation 
and  piping.  $22.50  -^  1500  =  $0,015,  interest  charge  per  sq.  ft. 
$0,015 
0.085 


$0,100    total  cost  for  heating  per  sq.  ft.  per  year. 
The  square  feet  of  working  floor  space  required  by  each  tool 
as  listed  in  column  6.  multiplied  by  the  total  cost  per  sq.   ft., 
gives   the  total  cost   for  heat   for   each   tool    for  the  year,   as 
shown  in  column  is. 

Item  13 — Arbitrarily  assumed  at  two  percent  on  the  value 
of  the  tool ;  insurance  on  building,  finished  product,  etc.,  should 
likewise  be  allowed  for. 

Item  14 — Estimated  from  preceding  period  or  from  a 
knowledge  of  incoming  business. 

Item  15 — Obtained  by  the  addition  of  the  items  in  columns 
-',  3,  4,  7,  S,  10,  II,  IS,  IS- 

Item  16 — Obtained  by  the  addition  of  the  items  in  columns 
7,  II,  12. 

Item  17 — Obtained  by  the  division  of  the  item  for  each 
tool  in  column  IS  by  the  corresponding  item  in  column  14. 

Item  iS — The  nearest  higher  whole  number  to  that  given  in 
column  //. 

Item  ig — Obtained  by  dividing  the  total  in  column  16  by  the 
total  in  column  /.;. 


As  an  example  of  the  application  of  the  preceding 

rates,  any  job  done  on  the  planer  would  have  charged 

against  it,  not  only  the  workman's  hourly  wage  rate,  say 

40  cents,  but  a  machine  rate  of  32  cents  per  hour  and 

a  supplementary  rate  of  2.15  cents  per  hour;  thus. — • 

5  hours  at  40  cents  :=  $2.00 
5  hours  at  32  cents  ;=  1.60 
5  hours  at    2.15  cents  ^=    0.1075 


$3.-075 
The  more  shop  charges  are  assigned  to  machines  and 
processes,  the  greater  the  accuracy  with  which  such 
charges  are  distributed;  and,  the  more  frequently  they 
are  revised,  the  greater  will  naturally  be  the  value  of  this 
method  of  figuring  costs.  In  case  this  method  was  just 
being  applied  in  a  factory,  and  it  was  not  possible  to 
hold  up  the  compiling  of  costs  until  the  end  of  the 
month,  the  total  indirect  expense  of  the  entire  factory 
for  the  first  month  would  have  to  be  estimated  either 
from  past  performance  or  otherwise ;  likewise,  the  indi- 
rect expense  directly  chargeable  to  each  and  all  ma- 
chines and  processes,  as  well  as  the  hours  to  be 
worked  by  each  and  all.  The  totals  of  the  estimated 
indirect  expense  directly  chargeable  to  all  machines  and 
processes  would  then  be  subtracted  from  the  total  esti- 
mated indirect  expense  of  the  entire  factory.  This  dif- 
ference, when  divided  by  the  total  estimated  hours 
worked  by  all  of  the  machines  and  processes,  would  be 
the  temi)orary  supplementary  hourly  rate.  A  provi- 
sional indirect  hourly  expense  rate  for  each  machine  and 
process  would  next  be  arrived  at  by  dividing  the  esti- 
mated indirect  expense  directly  chargeable  to  same  by 
the  estimated  hours  to  be  worked  by  each,  which  hourly 
rate  would  be  used  for  every  job  done  on  the  machine 
or  process  to  which  it  applied. 

The  time  spent  on  every  job  by  a  machine  or  ])rocess 
during  this  first  month  would  then  be  multiplied  iioth  by 
the  indirect  hourly  expense  rate  and  the  supplementary 
rate,  and  the  cost  of  each  job  compiled  on  this  basis, 
including,  of  course,  the  wages  (direct  labor)  actually 
paid  to  the  workmen  and  the  material  cost.  At  the  end 
of  the  month  the  total  actual  indirect  expense  of  the  en- 
tire factory  could  be  obtained,  and  from  it  the  total  esti- 
mated indirect  expense  directly  chargeable  to  all  ma- 
chines and  processes  (found  in  the  manner  described) 
subtracted  from  it.  This  difference  would  then  consti- 
tute the  unabsorbed  indirect  expense  for  the  month.  It 
would,  in  consequence,  be  necessary  to  absorb  it  by  at 
once  increasing  the  supplementary  hourly  rate  of  the 
preceding  month  sufficiently  to  include  it,  and  using  this 
supplementary  hourly  rate  for  the  following  month.  At 
the  same  time  any  revisions  necessary  in  the  indirect 
hourly  expense  rates  could  likewise  be  made. 

This  modification  will  be  slightly  less  accurate  than 
the  original  method  in  which  the  supplementary  rate  is 
applied  to  costs  during  the  month  in  which  it  occurred, 
whereas  in  the  modified  scheme  the  supplementary  rate 
would  always  be  applied  to  the  succeeding  month ;  but, 
in  the  majority  of  cases  in  actual  practice,  this  is  prob- 
ably what  would  have  to  be  done. 


A  480  Point  Testing  Regulator 


E.  E.  Lehr 
Industrial  Engineering  Dept., 
Westingliouse  Electric  &  Mfg.  Company 


A  HIGH-VOLTAGE  testing  set  consists  of  a  high- 
voltage  testing  transformer  and  a  regulating  de- 
vice which  is  connected  to  the  supply  circuit  and 
which  delivers  a  variable  voltage  to  the  low-tension  side 
of  the  testing  transformer.  Regulation  is  usually  ob- 
tained by  means  of  either  the  step  type  or  the  induction 
type  regulator.  Sometimes  the  variable  voltage  is  ob- 
tained by  means  of  a  variable  resistance  or  reactance 
connected  in  series  with  the  low-tension  side  of  the  test- 
ing transformer,  but  for  general  testing  this  is  not  a 
very  satisfactory  method  of  controlling  the  voltage,  be- 
cause the  voltage  obtained  with  any  given  resistance  in 
series  with  the  transformer  depends  very  largely  upon 
the  load  delivered  by  the  testing  transformer. 

A  testing  set  itsing  the  induction  regulator  is  shown 
diagramatically  in  Fig.  i.  This  type  of  outfit  is  easy  to 
install,  as  few  connecting  wires  are  required.  A  per- 
fectly smooth  voltage  curve  is  produced  and  there  are 
no  abrupt  changes  in  the  testing  voltage.    It  has  one  bad 
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FIG.    I — SCHEMATIC  DIAGRAM   OF       FIG.   2 — SCHEMATIC  DIAGRAM   OF 
INDUCTION   REGULATOR  STEP   TYPE   REGULATOR 

feature,  however.  The  inductance  of  an  induction  regu- 
lator is  comparatively  high,  very  much  higher  than  that 
of  a  step  type  regulator,  and  a  considerable  amount  of 
inductance  in  the  testing  circuit  is  quite  objectionable 
for  some  classes  of  testing. 

A  testing  set  using  a  step  type  regulator  is  shown 
diagramatically  in  Fig.  2.  It  consists  of  the  testing 
transformer,  a  regulating  transformer  with  a  number 
of  taps  in  the  secondary  winding  and  a  drum  or  dial 
type  controller  for  transferring  one  lead  of  the  low- 
tension  winding  of  the  testing  transformer  from  tap  to 
tap  of  the  regulating  transformer.  It  is  evident  that  a 
perfectly  smooth  voltage  curve  cannot  be  obtained  by 
this  method,  but  that  a  number  of  abrupt  changes  in 
voltage  will  be  produced,  and  the  amount  of  each 
change  will  depend  upon  the  number  and  the  location  of 
the  taps  on  the  regulating  transformer.  It  is  desirable 
to  have  a  large  number  of  steps  in  order  that  the  change 
in  voltage  per  step  may  be  kept  very  low,  but  as  the 
steps  are  increased  in  number  a  point  is  soon  reached 
where  the  added  cost  and  complications  make  further 
increase  in  the  number  of  steps  prohibitive. 

The  regulator  shown  in  Fig.  3  overcomes  the  inher- 
ent limitations  of  the  step  type  regulator  by  the  use  of 


"floating  coils"  in  the  regulating  transformer.  With 
these  floating  coils,  although  only  46  leads  are  brought 
out  from  the  secondary  of  the  regulating  transformer, 
a  total  of  480  different  voltages  may  be  obtained,  in- 
creasing in  equal  steps.  This  gives  practically  the  equiv- 
alent of  a  smooth  voltage  curve,  as  the  voltage  change 
per  step  is  only  approximately  one-fifth  of  one  percent 
of  the  maximum  voltage.  Without  the  use  of  special 
instruments  it  is  difficult  to  detect  the  small  abrupt 
changes  in  voltages. 

The  scheme  of  operating  can  be  understood  by  re- 
ferring to  Fig.  4.  The  secondary  of  the  regulating 
transformers   is    divided    into   three   jiarts.     The   main 


FIG.   3 — STEP  TYPE  REGULATOR  CONTACTS 

\\'ith  and  without  cover.     The  operating  motor  and  brake  are 
shown  on  top  of  the  case. 

winding  from  A  to  U  is  divided  into  twenty  equal  parts 
with  21  taps  marked  A,  B,  C,  D,  etc.  The  floating 
coils  X  and  Y,  with  winding  development  as  shown, 
have  taps  so  arranged  that  the  voltage  per  step  is  equal 
to  one-twenty-fourth  of  the  voltage  between  adjacent 
taps  (such  as  ^  to  B)  on  the  main  coils  A  to  U.  By 
connecting  lead  /  of  coil  X  or  lead  ^"5  of  coil  Y  to  the 
proper  tap  on  the  main  windings  any  one  of  480  differ- 
ent voltages  from  zero  to  the  maximum  voltage  can  be 
obtained.  For  instance,  with  the  top  contact  of  the  F 
drum,  Fig.  5,  making  contact  with  finger  i,  and  with  the 
top  contact  of  5"  drum  touching  finger  A,  zero  voltage  is 
impressed  on  the  testing  transformer.  As  the  F  drum 
is  turned,  fingers  2,  3,  4,  3,  etc.,  to  /-'  successively  touch 
the  moving  spiral  of  the  F  drum  and  the  voltage  is 
raised  in  steps  of  1/480  of  the  maximum  until  on  finger 
12  the  voltage  impressed  on  the  testing  transformer  is 
11/480  of  the  maximum. 
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In  the  meantime  the  S  drum  has  also  been  slowly 
turning,  so  that  B  is  now  making  contact  with  the  lower 
spiral  of  the  5  drum  and  lead  25  of  the  floating  coil  Y 
is  connected  to  lead  B  of  the  main  winding.  When  the 
F  drum  makes  contact  with  finger  13  the  voUage  on  the 
testing  transformer  is  increased  to  12/480  of  maximum. 

To  Constant   VoltaKc 
Supply  Circuit 

J         L 
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FIG.  4— SCHEMATIC  DIAGRAM  OF   STEP  TYPE  REGULATOR   WITH 
FLOATING   con. 

That  is,  the  voltage  obtained  is  equal  to  the  voltage  of 
one  step  of  the  main  coil  ^  to  B  (1/20  or  24/480  of  the 
maximum)  minus  the  voltage  from  JJ  to  25  of  the 
floating  coil  Y  (12/480  of  the  maximum),  which  equals 
12/480.  It  should  be  noted  that  the  polarity  of  the  two 
floating  coils  is  such  that  the  voltage  of  the  X  coil  is 
always  additive,  while  that  of  the  Y  coil  is  always 
subtractive. 

As  the  F  drum  is  now  turned  to  make  contact  suc- 
cessively with  fingers  14,  13,  16,  etc.,  to  24,  the  voltage 
is  increased  in  steps  of  1/480  of  the  maximum  until 
when  the  drum  makes  contact  with  24  the  voltage  is 
23/480  of  maximum.  In  the  meantime  the  5'  drum  has 
turned  still  further,  so  that  the  top  spiral  of  the  5  drum 
no  longer  makes  contact  with  A,  but  makes  contact  with 
B.  As  the  F  drum  turns  and  makes  contact  successively 
with  I,  2,  J,  etc.,  again  the  voltages  increase  to  24/480, 
25/480,  26/480,  etc.  This  continues  until  the  two  spirals 
of  the  .S"  drum  make  contact  successively  with  fingers 
A,  B.  C.  etc.,  to  U  and  the  F  drum  makes  20  revolutions, 
giving  480  voltage  steps  from  zero  to  maximum. 

The  F  drum  has  a  double  spiral,  so  that  it  will  not 
be  necessary  to  open  the  circuit  in  passing  from  one 
finger  to  the  next.  It  is  not  permissible  to  let  a  single 
spiral  touch  two  stationary  contact  fingers  at  the  same 
time,  as  for  example  i  and  2,  because  in  this  case  the 
section  of  the  transformer  between  i  and  2  would  be 
short-circuited  and  probably  burned  out.  A  double 
spiral  drum  with  a  preventive  resistance  connected  as 
shown  is  employed  and  the  sequence  of  connection  in 
passing  from  finger  /  to  finger  2  is  as  follows : — Finger 

1  first  makes  contact  with  top  spiral  and  current  passes 
directly  to  L.  As  the  drum  turns  finger  2  makes  con- 
tact with  the  lower  spiral  and  current  passes  from  2 
through  preventive  resistance  to  the  transformer;  also 
from  /  through  L  to  the  transformer.  As  the  drum 
turns  still  further  the  contact  is  broken  at  finger  i,  and 
all  the  current  passes  from  2  through  the  resistance  to 
the  transformer.    As  the  drum  turns  still  farther  finger 

2  makes  contact  with  the  top  spiral  and  the  transfer 


from  finger  /  to  finger  2  is  completed  without  opening 
the  circuit  or  short-circuiting  the  two  taps. 

The  motor-operated  drum  controller  used  for  mak- 
ing the  necessary  change  in  connections  is  shown  in 
Fig.  3.  In  the  diagram  of  connections.  Fig.  5,  the  two 
floating  coils  are  not  wound  on  the  core  of  the  regulating 
transformer  as  shown  in  the  schematic  diagram,  but 
from  the  secondary  of  a  separate  auxiliary  transformer, 
the  primary  of  which  is  connected  in  parallel  with  the 
primary  of  the  regulating  transformer. 

The  controller  consists  essentially  of  two  drums 
geared  together  by  means  of  a  double  set  of  spur  gears 
with  a  combined  ratio  of  24  to  i.  In  order  to  keep  the 
controller  as  short  as  possible  the  contact  fingers  are 
arranged  in  six  sets,  which  are  mounted  upon  insulated 
supports  equally  spaced  around  the  drums.  The  fast 
drum  F  is  arranged  to  transfer  the  point  L  automatically 
to  any  one  of  the  taps  (j  to  24)  from  the  two  floating 
coils.  The  slow  drum  6"  acts  as  a  transfer  switch  for 
the  two  floating  coils  connecting  them  alternately  to  the 
various  taps  from  ^  to  t/  as  the  regulator  is  opei-ated 
from  zero  to  the  maximum  voltage  position. 

The  controller  is  operated  by  means  of  a  small  three- 
phase  motor.  A  pinion  on  the  motor  operates  a  gear  on 
a  horizontal  shaft,  as  shown  in  Figs.  3  and  5.  This  hori- 
zontal shaft  is  connected  to  the  vertical  shaft  which  sup- 
ports the  drum  F  by  means  of  a  set  of  bevel  gears, 
which  cannot  be  seen  in  Fig.  3,  as  they  are  mounted 
beneath  the  top  cover.  To  prevent  over-travel  the  motor 
is  provided  with  a  simple  electric  brake.  The  brake 
shoe  and  armature  of  the  magnet  are  assembled  and  rig- 
idly riveted  together,  and  the  two  brake  shoes  with  arm- 
atures are  supported  on  two  pins  which  are  pressed  into 
the  motor  bracket.  The  motor  is  operated  by  means  of 
an  electrically  operated  motor  switch,  also  mounted  on 
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FIG.    5 — CONNECTIONS    OF    REGULATOR    DRUM    SHOWN    IN    FIG.    3 

top  of  the  regulator.  This  motor  switch  is  controlled  by 
two  push  buttons,  one  for  raising  the  voltage  and  the 
other  for  lowering  the  voltage.  A  limit  switch  located 
in  the  base  interrupts  the  circuit  to  the  motor  switch  at 
either  limit  of  travel  and  prevents  further  operation  of 
the  regulator. 


The  Electrical  Equipment  of  the  Granite 
Mountain  Hoist* 


G.  B.  Rosenblatt  and  Wilfred  Sykes 


THE  hoist  which  has  been  operating  on  the  Granite 
Mountain  shaft  of  the  North  Butte  (Montana) 
Mining  Company  since  the  middle  of  May,  1915, 
is  the  largest  electrically-driven  hoisting  engine  on  the 
two  American  continents  and  ranks  with  the  largest  in- 
stallations that  have  ever  been  made.  On  this  installa- 
tion particular  attention  has  been  given  to  economy  of 
operation,  reliability  under  all  conditions  and  "Safety 
First."  Previous  hoists  in  this  territory  have  been 
driven  by  steam  or  compressed  air.t  However,  when 
the  North  Butte  Mining  Company  put  into  operation 
the  new  Granite  Mountain  shaft  it  was  decided  to  use  an 
electrically-driven  hoist.  In  all  probability  this  new  shaft 
will  be  sunk  to  a  depth  of  5000  feet.    The  equipment  is 


per  minute  depends,  of  course,  on  the  rate  of  accelera- 
tion. In  order  to  obtain  the  desired  capacity  it  was  nec- 
essary to  figure  on  accelerating  from  standstill  to  full 
speed  in  about  16  seconds.  The  power  required  to  accel- 
erate is  thus  very  greatly  in  excess  of  the  power  re- 
quired to  do  the  hoisting  after  full  speed  has  been  at- 
tained, as  shown  in  Fig.  2. 

The  cost  of  purchased  power  for  an  average  load  of 
about  1500  horse-power  with  peaks  of  approximately 
4500  horse-power,  as  would  be  required  by  a  straight 
induction  motor  hoist,  under  the  conditions  obtaining  in 
Butte  would  be  prohibitive.  It  was,  therefore,  decided 
to  use  the  Ilgner  system,  consisting  of  a  direct-current 
shunt   motor,  supplied  with  power   from  an   induction 


FIG.    I — GENERAL  VIEW   OF    HOIST  ROOM   OF  THE   NORTH    BUTTE   MINING   COMPANY 


designed  to  operate  from  this  depth  as  a  maximum,  and 
will  handle  seven  tons  of  ore  per  trip.  The  ordinary 
operating  rope  speed  is  2700  feet  per  minute.  The  ca- 
pacity of  the  hoist  is  approximately  300  tons  per  hour 
from  the  2000  foot  level,  250  tons  from  the  3000  foot 
level,  and  200  tons  from  the  4000  foot  level.  The  weight 
of  the  skip  and  cage  is  slightly  more  than  9000  pounds. 
The  drums  are  12  feet  in  diameter  by  9  feet  4  inches 
face,  with  turned  grooves  to  hold  5000  feet  of  rope  in 
two  layers.  An  indicator  with  a  large  dial  is  provided 
for  each  drum,  and  for  accurately  spotting  the  cage  the 
brake  rings  on  the  drums  are  extended  next  to  the  mid- 
dle bearing,  affording  a  surface  on  which  to  paint  marks. 
The  power  required  to  accelerate  the  hoist  and  its 
load  from  standstill  to  the  running  speed  of  2700  feet 


♦Revised  by  the  authors  from  papers  presented  before  the 
A.I.E.E.  and  M.S.of  E. 

tSee  article  by  Mr.  G.  B.  Rosenblatt  on  "Large  Synchron- 
ous Motors  for  Compressor  Service"  in  the  Journal  for  March 
1912,  p.  189. 


motor-generator  flywheel  set.  A  slip  regulator  is  con- 
nected in  the  secondary  of  the  induction  motor  in  such 
a  way  as  to  limit  the  input  to  the  motor.  No  attempt 
was  made  to  install  a  flywheel  of  sufficient  capacity  to 
equalize  the  load  completely,  as  the  continuous  losses 
would  be  very  greatly  increased  by  the  use  of  such  an 
excessively  large  flywheel.  It  was  estimated  that  with  a 
50  ton  flywheel  the  peak  loads  during  normal  operation 
could  be  limited  to  1250  horse-power  when  hoisting  from 
2000  feet,  1420  horse-power  for  3000  feet,  and  1850 
horse-power  for  4000  feet.  When  the  load  exceeds  the 
value  for  which  the  slip  regulator  is  set,  it  automatically 
increases  the  resistance  of  the  secondary  circuit  and 
slows  down  the  motor,  thereby  allowing  the  flywheel  to 
give  up  energy  and  carry  the  peak  loads.  When  the  load 
decreases,  the  motor  again  accelerates  the  flywheel,  stor- 
ing energy  for  the  next  trip. 

The  efificiency  of  hoisting  by  this  system  is  not  as 
good  as  if  the  power  were  utilized  more  directly.    How- 
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ever,  it  was  not  theoretical  efficiency  that  interested  the 
mining  company.  Their  object  was  to  reduce  the  cost 
of  hoisting  per  ton  of  ore  hfted  to  the  surface,  and  this, 
by  the  ehmination  of  peaks,  is  accomphshed  to  a  greater 
extent  than  would  be  feasible  with  a  hoist  direct  driven 
from  an  induction  motor.  Also,  the  elimination  of  the 
sooor 


TIME  IN  SeCONOS 


fig.  2 — power  con-si;j[ptiox  curves  of  north  butte  mining 
company's  hoist 

elaborate  controlling  apparatus  which  would  be  neces- 
sary with  induction  motor  drive,  and  the  absolute  control 
over  the  speed  of  hoisting,  form  an  additional  compen- 
sation for  the  extra  power  required.  The  calculated 
efficiency  of  operation  is  shown  in  Fig.  3.  Considerable 
importance  was  also  attached  to  the  reduction  of  the 
light  load  losses  to  a  minimum,  as  the  flywheel  motor- 
generator  set  runs  continuously,  only  shutting  down 
about  once  a  month  for  cleaning. 

The  hoist  consists  of  two  drums,  each  fitted  with  a 
clutch,  post  brake  and  band  brake.  The  drums  are 
mounted  on  a  shaft  supported  by  three  bearings,  the 
shaft  having  a  flanged  coupling  to  connect  to  the  motor 
shaft.  The  clutches  and  post  brakes  are  operated  by  oil 
cylinders,  the  pressure  being  supplied  by  an  accumulator 
with  an  electrically-operated  triplex  pump.  The  band 
brakes  are  operated  by  hand  wheels.  All  of  the  oper- 
ating levers  are  grouped  on  a  large  elevated  platform 
with  double  stairways.  The  control  and  reverse  levers 
are  separate,  but  are  so  interlocked  that  when  the  con- 
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PERCENT  OUTPur 
FTG.    3 — EFFICIENCY    OF    OPER.XTION 

trol  lever  is  in  the  "on"  position  the  reverse  lever  cannot 
be  moved. 

The  hoist  is  driven  by  a  16  pole,  600  volt,  71  r.p.m., 
direct-current  shunt  motor,  having  a  nominal  continuous 
rating  of  1850  horse-power,  an  intermittent  rating  of 
2750  horse-power  and  is  guaranteed  to  deliver   5000 


horse-power  for  short  periods  without  injury.  Since  the 
frequency  of  hoisting  and  the  duration  of  the  hoisting 
period  is  somewhat  uncertain,  particular  care  was  taken 
to  build  a  machine  that  would  stand  high  temperatures 
without  injury,  and  mica  and  asbestos  insulation  was 
used  throughout  the  machine  as  a  factor  of  safety,  the 
insulation  being  such  that  an  ultimate  temperature  of 
150  degrees  C.  can  be  carried  without  injury.  The  total 
weight  of  the  rotating  part  of  the  motor  is  approxi- 
mately 70  000  pounds,  and  its  radius  of  gyration  is  4.1 
feet.  The  motor  is  separately  excited  at  250  volts.  Its 
efficiency  is  high  for  a  machine  of  this  type,  as  is  shown 
by  Fig.  4. 

The  motor-generator  set  is  driven  by  a  1400  horse- 
power, 60  cycle,  2200  volt,  14  pole  induction  motor  run- 
ning at  a  maximum  speed  of  about  505  r.p.m.  The  com- 
mutating-pole  generator  is  designed  to  deliver  about 
6000  amperes  during  the  period  of  acceleration  at  a  max- 
imum of  600  volts.  It  is  connected  directly  to  the  hoist 
motor  without  switch  or  circuit-breaker,  the  speed  and 
direction  of  rotation  of  the  motor  being  controlled  by 
means  of  the  e.xcitation  on  the  generator.  Its  armature 
has  a  diameter  of  66  inches  and  the  field  has  ten  poles,  so 
that  din-ing  acceleration  1200  amperes  are  collected  at 
each  brush  arm. 
The  generator  is 
also  arranged  for 
separate  e.xcitation 
at  250  volts  from 
the  direct-  con- 
nected exciter.  A 
Tirrill  regulator 
maintains  the  volt- 
age of  this  exciter 
constant,  despite  the 
speed  variations. 

Mounted  between  the  motor  and  generator,  as  shown 
in  Fig.  5,  is  a  12  foot  flywheel  weighing  50  tons.  The 
peripheral  speed  of  this  flywheel  will  be  as  high  as 
19  000  feet  per  minute.  In  order  to  prevent  any  possi- 
bility of  a  flaw  in  the  wheel  it  was  assembled  from  seg- 
ments of  rolled  steel  plate,  each  sheet  being  one-half 
inch  in  thickness  and  cut  to  fit  the  wheel.  These  vari- 
ous plates  were  then  assembled  together  to  a  total  thick- 
ness of  21.5  inches  and  riveted,  the  number  of  rivets 
being  such  that  there  is  sufficient  pressure  to  hold  any 
one  plate  by  friction  alone,  thereby  eliminating  any  de- 
pendence on  the  shearing  stress  of  the  rivets.  The  steel 
used  in  the  wheel  has  an  ultimate  tensile  strength  of 
60000  pounds  per  square  inch,  which  is  many  times 
greater  than  the  maximum  possible  stress  in  the  wheel. 
The  flywheel  and  its  shaft  are  built  up  as  a  unit,  the 
shaft  having  a  forged  flanged  coupling  at  each  end,  to 
which  the  motor  and  generator  are  coupled. 

Naturally  a  flywheel  of  this  size,  presenting  such  a 
great  area  for  air  friction  and  running  at  such  a  high 
speed,  will  cause  considerable  windage.  \\'indage  is 
energy  wasted  in  uselessly  stirring  up  air  and,  in  order 
to  reduce  it  and  thus  increase  the  economy  of  the  set,  the 
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entire  surface  of  the  flywheel  is  very  carefully  finished. 
All  rivets  are  counter-sunk  flush  with  the  surface.  The 
entire  wheel  is  carefully  cut  and  finally  polished  and 
lacquered,  so  that  it  will  present  as  smooth  a  surface  to 
the  air  as  possible,  and  thus  reduce  friction.  Further, 
the  amount  of  air  that  could  possibly  be  moved  by  con- 
tact with  the  wheel  is  reduced  by  totally  enclosing  the 
wheel  in  a  sheet  steel  case  carefully  finished  on  the  inside 
and  fitting  as  closely  as  possible  about  the  flywheel.  It 
was  considered  at  one  time  that  it  might  be  advantageous 
to  r'.m  the  flywheel  in  a  vacuum,  but  investigation  proved 
lliat.  while  such  operation  was  feasible,  the  application 
involved  complications  without  sufficient  increase  in 
economy  to  compensate.  Tests  indicated  that  the  fric- 
tion and  windage  losses  running  the  flywheel  in  the  open 
air  would  be  between  80  and  100  horse-power.  By  en- 
closing the  wheel  in  a  properly  designed  cover,  these 
losses  could  be  reduced  to  something  like  50  horse- 
power. Excluding  the  air  from  the  cover  did  not  seem 
to  reduce  the  losses  by  more  than  12  or  15  horse-power, 
which  saving  in  power  would  hardly  pay  for  the  appli- 
cation of  the  necessary  water-sealed  glands,  air  pump, 
and  changes  in  case  construction  to  resist  the  external 
atmospheric  pressure. 


I-IG.   5 — MOTOR  oCNER.\rOR   FL\  W  HLEL   SCI 

The  bearings  for  the  flywheel  are  18  inches  in  diam- 
eter by  46  inches  long.  They  are  designed  to  be  water- 
cooled,  and  are  provided  with  gravity  forced  feed  lubri- 
cation. Provision,  however,  is  made  so  that  they  can  be 
operated  without  water-cooling  and  without  gravity 
feed  lubrication  in  case  of  emergency  should  either  the 
cooling  system  or  the  oiling  system  be  temporarily  dis- 
arranged through  any  accident. 

The  input  to  the  induction  motor  driving  the  flywheel 
set  running  under  regular  hoisting  conditions  is  shown 
in  Fig.  7.  The  slip  regulator  limits  the  maximum  input 
during  each  period  to  practically  the  same  value.  The 
load  between  trips  drops  down  to  practically  the  friction 
load  of  the  set,  indicating  that  the  interval  between  trips 
is  longer  than  is  necessary  to  bring  the  flywheel  up  to 
full  speed  again.  The  work  in  a  typical  shift  would 
include  131  trips  hoisting  ore,  36  trips  hoisting  waste, 
13  trips  with  timber  and  18  trips  with  men.  Typical 
operating  cycles  under  present  conditions  are  shown  in 
Fig.  8.  The  hoist  at  present  is  working  from  a  depth 
of  2800  feet,  and  the  acceleration  peaks  are  not  as  high 
as  they  will  be  when  working  from  a  greater  depth. 
The  overall  efficiency  of  the  hoist,  including  all  mechan- 


ical and  shaft  losses,  as  well  as  electrical  losses — i.  e., 
the  ratio  of  input  to  the  actual  work  to  lift  the  material 
— is  48  percent.  The  light  load  losses,  including  the 
excitation  for  the  hoist  motor,  are  approximately  126 
horse-power. 

.\n  electrically-driven  hoist  allows  many  safety  de- 
vices  to   be   applied    which   are   difficult   to   incorporate 


riG.   6 — CONTROI,   .\PP.\K.\TUS 

with  other  types  of  hoists.  The  features  to  be  particu- 
larly guarded  against  are  careless  operation,  failure  of 
])ower,  and  unforeseen  accidents. 

Under  careless  operation  should  be  considered  : — 

Starting  up  too  suddenly. 

Overwinding. 

Failure  to  apply  brakes. 

Overloading  the  equipment. 

Overspeeding. 

It  is  believed  that  this  equipment  is  protected  against 
any  of  these  contingencies  by  the  system  of  control  in- 
stalled. Most  moderate  size  direct-current  electric  hoist 
motors  are  controlled  by  inserting  resistance  in  series 
with  the  armature  circuit.  On  this  installation  the  speed 
of  the  hoist  motor  is  controlled  by  varying  the  voltage 
supplied  to  the  motor  armature.  The  voltage  is  con- 
trolled by  regulating  the  field  of  the  direct-current  gen- 
erator of  the  motor-generator  set.  This  field  is  con- 
trolled in  about  30  steps  by  magnet  switches  operated  by 
contacts  on  a  controller  manually  actuated  from  the 
hoist  platform.  Its  operation  is,  however,  not  placed 
entirely  within  the  control  of  the  hoist  operator.  The 
magnets  of  the  magnet  switches  are  interconnected 
amongst  themselves  through  relays  so  that  the  operation 
of  each  successive  magnet  switch  is,  as  you  might  say, 


l-IG.   7 — WATTMETER  CURVE 

Showing  input  to  motor  driving  flywheel  motor-generator  set. 

responsible  for  the  operation  of  the  next  succeeding 
switch,  and  a  current  relay  prevents  them  operating  at 
any  rate  which  would  permit  the  hoist  motor  being 
speeded  up  too  fast.  Further,  the  hoist  is  provided  with 
an  overwinding  and  safety  stop  device  provided  with 
electric  limit  switches,  which  are  also  connected  with  the 
magnet  switches. 
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With  this  combination  of  control  devices,  it  is  im- 
possible for  the  operator  to  start  the  hoist  too  suddenly. 
The  magnet  switches  are  arranged  so  that  they  will  not 
close  at  more  than  a  predetermined  speed.  The  operator 
may  throw  the  controller  to  a  position  corresponding  to 
any  speed  he  desires  and  the  motor  will  come  up  to  and' 
attain  that  speed,  but  only  at  a  predetermined  rate  of 
acceleration. 


^ 

_/ 

mpc 

"v" 

"iti; 

i„L^U^ 

Am~™:.  voiu 

-    600 

^ 

"^ 

J^ 

|C 

L 

f 

^ 

L_J 

/, 

h- 

^ 

/ 

-V 

^ 

\ 

\ 

^ 

^ 

\ 

^ 

^ 

/ 

/ 

> 

^ 

/ 

\ 

'V, 

s 

5        « 

\j 

1 

/ 

f 

y 

-A 

'    ' . 

r 

L  1 

/ 

AC  kw. 

A 

y 

V 

^ 

^ 

^ 

^ 

\ 

- 

/ 

V 

s 

h 

s 

1 

'' 

r 

/ 

1 

^ 

V, 

/ 

- 

\j 

J 

1 

" 

5 

4 

0 

» 

D 

120 

1 

>0 

2< 

X) 

2 

K) 
5 

2 
EC 

0 

3N 

3 

!0 

3 

>o 

V. 

x> 

44 

10 

4 

30 

5 

!0 

i60 

FIC.   8 — TYPICAL  OPER.M'INC  CYCLES 

Overwinding  is  prevented  by  the  operation  of  the 
Wessinger  safety  stop  device,  which  is  so  connected 
with  the  controller  that  when  a  cage  passes  a  predeter- 
mined point  a  certain  distance  below  the  collar  of  the 
shaft  the  controller  automatically  cuts  resistance  into 
the  generator  excitation  circuit,  gradually  reducing  the 
voltage,  and  consequently  the  speed  of  the  hoist  motor. 
If  the  operator  in  an  emergency  wants  to  stop  the  hoist 
quickly  he  can  do  so  by  deliberately  plugging  the  motor, 
but  the  action  would  have  to  be  deliberate,  and  could 
not  readily  be  accomplished  inadvertently  in  the  ordi- 
nary course  of  operation. 

Failure  to  apply  brakes  is  taken  care  of  both  by  oper- 
ation of  the  Wessinger  device  and  by  equipping  the  sys- 
tem which  operates  the  brakes  with  two  electric  mag- 
nets connected  to  emergency  valves  in  the  brake-oper- 
ating system.  These  magnets  are  so  connected  that  in 
certain  emergencies  their  magnetism  fails,  causing  the 
valves  to  apply  the  brakes. 

It  is  rather  difificult  to  overload  an  equipment  of  this 
sort,  due  to  the  fact  that  the  capacity  of  the  electrical 
machines  is  ample  to  take  care  of  any  load  that  can  be 
put  in  the  skips,  and  the  control  devices  effectively  pre- 
vent the  equipment  being  speeded  up  too  fast.  For  this 
reason  the  circuit  from  the  direct-current  generator  to 
the  hoist  motor  is  solidly  connected  without  any  switch 
or  circuit-breaker  between  the  two  machines.  Accord- 
ingly, in  case  of  overload  there  is  nothing  to  disrupt  the 
service.  What  will,  however,  happen  is  that  the  slip 
regulator  and  the  flywheel  will  get  into  action  in  case  of 
overload  and  prevent  the  hoist  motor  from  being  sup- 
plied with  rnore  power  than  is  good  for  it.  The  oper- 
ator could,  nevertheless,  overload  the  hoist  motor  by  try- 
ing to  push  past  some  impassible  obstruction  in  the  shaft, 
and  to  prevent  any  such  possibility  an  overload  relay 
is  connected  in  the  circuit  between  the  direct-current 
generator  and  the  hoist  motor.  This  relay  does  not  open 
the  main  circuit,  but  operates  a  circuit-breaker  in  the 
circuit  controlling  the  field  of  the  direct-current  gener- 


ator. The  circuit-breaker  is  built  with  two  poles,  and  in 
case  the  overload  relay  trips  it  one  pole  opens  the  gen- 
erator field  circuit,  thus  cutting  of?  the  excitation,  while 
the  other  pole  opens  the  circuit  to  the  brake  magnets, 
thus  applying  the  brakes  the  moment  the  field  circuit  is 
broken. 

Protection  against  overspeed  is  given  largei^  by  the 
type  of  motor  used  to  drive  the  hoist.  This  is  a  sep- 
arately excited  shunt-wound  machine.  Unlike  the  ordi- 
nary series-wound  motor  used  for  smaller  hoisting  work, 
the  speed  of  a  shunt-wound  motor  is  practically  inde- 
pendent of  the  load.  A  series  motor  will  speed  up,  often 
to  a  dangerous  degree,  if  the  load  is  removed.  A  shunt- 
wound  motor  will  not  do  so.  Its  speed  can  only  be  in- 
creased by  raising  the  voltage  supplied  to  the  armature 
or  decreasing  the  excitation  supplied  to  the  field.  The 
maximum  voltage  that  can  be  supplied  the  armature  on 
this  particular  installation  is  fixed  by  the  maximum  volt- 
age that  can  be  supplied  by  the  generator  of  the  motor- 
generator  set.  There  is  no  way  of  raising  this  voltage 
to  a  degree  that  will  permit  dangerous  overspeed.  The 
amount  by  which  the  separately  excited  field  of  the  hoist 
motor  may  be  weakened  is  also  very  definitely  limited. 
This  field  is  excited,  not  from  the  main  generator  of  the 
motor-generator  set,  but  from  the  exciter  generator 
mounted  on  the  end  of  the  motor-generator  shaft.  Its 
\oltage  is  maintained  constant  by  a  Tirrill  regulator. 
With  full  voltage  across  the  hoist  motor  field  the  excita- 
tion is  such  as  to  permit  a  rope  speed  of  2700  feet  per 
minute.  For  emergency  operation  it  is  possible  to  raise 
tliis  rope  speed  to  3000  feet  per  minute  by  inserting  a 
certain  fixed  resistance  in  the  hoist  motor  field  circuit, 
and  thus  weakening  its  excitation.  This  extra  resistance 
can  only  be  inserted  in  the  hoist  motor  field  by  deliberate 
action  of  the  operator — to  insert  this  resistance  and 
obtain  speeds  between  2700  feet  per  minute  and  3000' 
feet  per  minute  necessitates  the  deliberate  operation  of  a 
latch  on  the  hoist  control  platform.    The  only  condition 


FIG.   9 — GENERAL   VIEW   OF    MAIN    HOISTS 

that  would  give  a  higher  speed  of  the  hoist  motor  would 
be  a  further  weakening  of  the  shunt  field,  and  this  could 
only  be  obtained  by  failure  of  the  excitation  circuit.  The 
brake  magnets  previously  mentioned  are  connected  in 
the  exciter  circuit,  and  failure  of  the  excitation  would 
immediately  set  the  brakes. 

With  the  arrangement  of  electrical  equipment  se- 
lected, speed  control  is  obtained  on  lowering  in  the  same 
manner  as  it  is  obtained  in  hoisting,  the  motor  in  this 


THE    ELECTRIC   JOURNAL 


233 


case  acting  as  a  shunt-wound  generator,  and  as  long  as 
the  motor  is  clutched  to  the  drums  the  hoist  cannot 
attain  overspeed. 

An  interesting  additional  device  furnished  in  connec- 
tion with  the  speed  control  is  a  knife  switch  which  may 
be  thrown  into  action  when  hoisting  workmen,  and  when 
thrown  limits  the  value  of  the  voltage  that  can  be  ap- 
plied to  the  hoist  motor  armature  to  such  a  value  as  will 
give  a  predetermined  safe  speed.  This  speed  may  be 
adjusted  to  suit  local  conditions,  and  any  speed  up  to 
this  speed  may  be  obtained  when  the  knife  switch  is 
thrown.  It  simply  fixes  a  value  of  speed  which  cannot 
be  exceeded  as  long  as  the  knife  switch  is  closed. 

Failure  of  power  to  the  hoist  may  occur  either  be- 
cause the  power  supply  to  the  motor-generator  set  has 
been  interrupted,  or  because  one  of  the  connections  be- 
tween the  various  pieces  of  apparatus  has  been  broken. 
If  the  power  supply  to  the  motor-generator  set  fails  the 
flywheel  will  continue  to  drive  the  set  for  a  considerable 
period  of  time.  The  hoist  may  be  operated  for  one  or  two 
trips  with  reduced  loads  at  moderate  speeds  by  using  the 
energy  stored  in  the  flywheel.  Power  is  supplied  to  the 
motor-generator  set  through  a  circuit-breaker  equipped 
with  no-voltage  release,  and  this  breaker  will  open  in 
case  of  failure  of  power  from  the  supply  line.  If  power 
returns  before  the  flywheel  has  lost  very  much  speed  all 
that  is  necessary  is  to  reset  the  circuit-breaker.  If,  how- 
ever, power  remains  off  the  line  for  a  considerable  period 
of  time,  so  that  the  speed  of  the  motor-generator  set  has 
dropped  below  a  predetermined  point,  the  excitation  will 
fall  and  render  the  hoist-operating  mechanism  inopera- 
tive, at  the  same  time  releasing  the  brake  magnets. 

Protection  against  accidental  failure,  due  to  the 
breaking  of  any  of  the  electrical  connections  between  the 


various  pieces  of  apparatus,  is  guarded  against  by 
making  all  of  the  control  equipment  operate  by  the  appli- 
cation of  power  rather  than  depending  for  any  operation 
upon  the  interruption  of  power.  The  brakes  are  locked 
by  failure  in  any  part  of  the  excitation  circuit.  The 
main  circuit  from  the  direct-current  generator  to  the 
hoist  is,  as  stated  above,  tied  together  solidly  without 
switch  or  circuit-breaker.  There  is,  therefore,  nothing 
in  this  circut  to  open,  but  should  it  be  opened  for  any 
reason  it  can  be  arranged  to  operate  the  circuit-breaker 
in  the  brake  magnet  circuit,  and  thus  apply  the  brakes. 
It  will  thus  be  seen  that  the  operation  of  the  hoist  is, 
therefore,  well  guarded  against  any  accident  due  to 
failure  of  power. 

The  only  other  causes  of  possible  accident  are,  there- 
fore, unforeseen  physical  causes,  such  as  the  jamming 
of  the  cage  in  the  shaft,  fainting  of  the  operator,  or  the 
like.  The  best  that  can  be  done  is  guard  against  the 
results  of  such  accidents  as  have  in  the  past  been  experi- 
enced. If  the  cage  does  jam  in  the  shaft  it  will  imme- 
diately operate  the  overload  relay  in  the  main  circuit, 
which  will  trip  the  double-pole  circuit-breaker  in  the 
excitation  circuit,  bringing  the  motor  to  rest  and  setting 
the  brakes.  If  the  operator  does  faint  while  a  trip  is  in 
progress  the  overspeed  and  safety  stop  devices  will  slow 
the  hoist  down  as  the  cage  approached  the  collar  of  the 
shaft  and  will  ultimately  move  the  controller  to  the  off 
position,  gradually  apply  the  brakes,  bringing  the  motor 
to  a  standstill,  and  finally  set  the  brakes  tight  by  cutting 
off  power  to  the  solenoids  attached  to  the  emergency 
valves  on  the  brake  cylinders.  The  safety  devices 
are  all  of  the  type  that  operate  every  time  the  hoist 
operates,  and  therefore  are  always  in  operating  con- 
dition. 


Automatic  Change-Over  Switches 


H.  E.  Trent 

Switchboard  Engineering  Dept., 

Wcstinghouse  Electric  &  Mfg.  Company 


MAINTAINING  continuous  lighting  service  in  or 
about  electric  railway  company  substations  and 
waiting  rooms,  public  and  private  office  build- 
ings, hospitals,  etc.,  has  made  necessary  the  provision  of 
means  for  switching  over  automatically  to  another 
source  of  power  supply  when  the  trolley  or  normal  volt- 
age is  cut  off  or  falls  below  a  certain  value,  and  for 
switching  back  automatically  to  the  normal  source  of 
supply  when  its  voltage  has  been  restored  or  when  it 
again  reaches  a  sufficiently  high  value.  Means  should 
also  be  provided  for  holding  the  switch  closed  on  the 
normal  circuit  in  the  event  of  any  failure  of  the  auto- 
matic switches  or  in  case  both  sources  of  supply  are 
interrupted,  while  at  the  same  time  providing  for  auto- 
matic connection  of  the  lighting  circuit  to  that  line 
which  is  first  energized  at  the  required  voltage.  The 
prime  requisites  for  such  a  switching  equipment  are  sim- 
plicity and  reliability.     One  having  these  characteristics 


is  especially  useful  for  isolated  plants  which  have  cen- 
tral station  auxiliary  service,  for  central  station  cus- 
tomers who  receive  power  from  two  different  distrib- 
uting lines  or  to  make  possible  the  immediate  switching 
to  a  battery  for  emergency  service. 

An  automatic  change-over  switch  which  is  suitable 
for  changing  from  a  direct-current  circuit  to  another 
direct-current  circuit  at  the  same  or  a  different  voltage, 
or  to  an  alternating-current  circuit  of  any  desired  volt- 
age, is  shown  in  Fig.  i.  It  consists  of  two  switching 
arms  attached  to  a  walking  beam  operated  by  a  direct- 
current  magnet,  a  magnet  switch  and  resistance  and  a 
helical  steel  spring  mounted  on  a  slate  base. 

The  connections  of  the  switches  and  operating  mech- 
anism are  shown  in  Fig.  2.  Under  normal  voltage  con- 
ditions line  switch  No.  i  is  held  closed  by  the  operating 
magnet.  Should  this  voltage  fall  below  a  predetermined 
value,  the  spring  overcomes  the  operating  magnet  and 
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L-loses  the  switch  to  Hue  No.  2;  at  the  same  time  (if  it  is      one  circuit  before  the  other  is  closed,  and  barriers  isolate 


desirable  to  so  arrange  the  circuits)  the  top  contact  of 
the  auxiliary  switch  closes  the  circuit  of  a  signal  bell. 

As  soon  as  the  voltage  of  the  normal  supply  circuit 
exceeds  the  predetermined  minimum  value,  the  direct- 
current  magnet  switch  closes,  thereby  short-circuiting 
the  resistance  in  series  with  the  operating  coil  and  ap- 
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riG.    I — .\UT0M.\T1C   CH.\NXE-OVi;R  switch    for   DIRIX'T-CURRKNT 
NORMAL    CIRCUIT    AND    DIRECT    OR    ALTERNATI.NC. 
CURRENT  AUXILIARY  CIRCUIT 

plying  full  voltage  across  this  coil  and  the  magnet  switch 
coil,  whereupon  the  coil  plunger,  by  overcoming  the  pull 
of  the  spring,  closes  the  switch  to  line  No.  i.  The  direct- 
current  magnet  switch  is  simultaneously  short-circuited. 
and  thereupon  opens  its  contacts  and  cuts  in  a  resistance 
which  reduces  the  current  through  the  operating  coil  to  a 
value  just  sufficient  to  hold  this  coil  closed.  Approxi- 
mately 100  watts  is  required  at  normal  line  voltage  to 
hold  the  switch  closed  on  line  No.  i.  This  group  of 
switches  contains  all  the  advantages  of  a  robust  mechan- 
ism with  low  power  consumption  for  operation. 

In  change-over  switches,  it  is  imperative  that  the  arc 
be  extinguished  in  one  switch  gap  before  the  other 
switch  closes.  In  the  switch  shown  in  Fig.  i  the  con- 
tacts travel  a  sufficient  distance  to  insure  the  opening  of 
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I'lf,.    2 — SCHEMATIC    UI.\GRAM    OE    AUTOMATIC    SWITCH 
SHOWN   IN   FIG.    I 

Tlic  line  Xo.  i  is  held  closed  under  normal  conditions  by 
the  operating  magnet.  The  direct-current  magnetic  switch  is 
adjusted  to  cut  out  the  resistance  at  such  a  voltage  as  the 
direct-current  operating  coil  will  close :  this  then  closes  the 
au-xiliary  switch,  cuts  out  the  magnetic  switch  and  cuts  in  the 
resistance.  When  the  voltage  fails  on  line  No.  i,  the  switch  on 
line  No.  2  is  closed  by  the  spring,  and  the  bell  alarm  contact  is 
made  on  the  auxiliary  switch. 


the  arc.     In  some  instances  it  may  be  found  desirable  to 
supplement  this  air  break  with  a  magnetic  blowotit. 

When  the  normal  source  of  supply  is  alternating  cur- 
rent and  the  auxiliary  supply  is  direct  current,  an  alter- 


MG.  3 — AUTOM.WIC  CHANGE-OVER  SWITCH   FOR  ALTERNATING- 
CURRENT   NORMAL  CIRCUIT  AND  DIRECT-CL'RRENT 

AUXILIARY    CIRCUIT 

nating-curreiil,  under-voltage  relay  is  provided,  as 
shown  in  I'igs.  3  and  4.  The  switch  arm  is  normally 
held  closed  by  a  spring,  but  when  the  normal  supply 
fails,  then  the  under-voltage  relay  closes  the  direct- 
cmrciU  magnetic  switch  circuit,  which  in  turn  closes  the 
direct-current  operating  coil,  and  from  this  on  the  se- 
([uence  of  operation  is  the  same  as  for  the  switch  pre- 
viously described.  When  the  alternating-current  supply 
circuit  again  has  normal  voltage  impressed  on  it,  the 


FIG.    4 — SCHEMATIC    DIAGRAM    OF    CONNECTIONS    OF    SWITCH 
SHOWN   IN   FIG.   3 

The  alternating-current  switch  is  normally  held  closed  by 
:i  spring.  When  the  alternating-current  voltage  fails,  the  direct- 
current  switch  is  closed  by  the  operating  coil  and  rings  the  bell. 

under-voltage  relay  opens  the  control  circuit  of  the 
direct-current  switch  and  the  sjiring  closes  the  alter- 
nating-current switch. 


Three-Phase  Power-Factor  from 
Wattmeter  Readings 

Three-phase  power-factor  on  balanced  circuits  equal  the 
walls  divided  by  Vj  EI.  When  a  power-factor  meter  or  the 
necessary  ammeters  and  voltmeters  are  not  available,  the  power- 
factor  may  be  determined  from  the  readings  of  two  single- 
phase  wattmeters  by  any  of  the  following  formulae,  in  which 
//',  is  the  reading  of  the  wattmeter  giving  the  smaller  indica- 
tion and  M";  the  reading  of ,  the  wattmeter  giving  the  larger 
indication  with  a  lagging  power-factor,  and  N  r=  H\  -^  If... 
the  current  and  voltages  being  approximately  balanced. 


Power- factor 


//. 


Wt 


+  -V)' 


+  N' 


convenient  form  of  the  same  equation  is 
Power- factor  :=  —  '" 


Still  another  form  is 
Power-factor 


A-  +  A- 


V'  +  '  (f 


A' 


+  A  I 

An   equation   involving   the   actual   wattmeter   reading 
stead  of  a  ratio  is 

Power-factor  t= 


V'  +  ^G 


1  f  a  table  of  natural   function 
)rnuda  is  convenient: — 
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FIG.   1 — RELATION  OF  POWER-FACTOR  TO  RATIO  OF 
WATTMETER  READINGS 

Pri)bal)ly  the  most  convenient  method  of  all  is  to  substitute 
the  value  of  A'  in  the  curve  given  in  Fig.  i.  While  an  exceed- 
ingly accurate  reading  cannot  be  obtained  from  a  curve  in  this 
way  the  accuracy  of  the  reading  will  probably  equal  the  ac- 
curacv  of  the  method  itself. 


Reactance 

Reactance  in  any  circuit  is  due  to  magnetic  flux  linking 
with  the  circuit.  Wherever  an  alternating  flux  links  a  con- 
ductor an  e.m.f.  is  generated  in  the  conductor,  regardless  of 
whether  the  fiux  is  furnished  by  some  outside  source  or  by 
current  in  the  conductor.  If  it  is  furnished  by  current  in  the 
conductor  it  will  be  in  phase  with  the  current  which  causes  it. 


.\s  tins  flux  cuts  the  conductor  it  will  induce  in  it  an  e.m.f. 
which  will  be  go  degrees  behind  the  flux,  since  the  e.m.f.  is 
proportional  to  the  rate  of  change  of  flux  which  is  maximum 
when  the  flux  is  passing  through  zero,  if  the  flux  is  a  sine  wave. 
Thus  the  counter  e.m.f.  is  go  degrees  behind  the  current.  It  is 
this  counter  e.m.f.  that  is  called  reactance  drop,  and  the  react- 
ance expressed  in  ohms  is  equal  to  the  reactance  drop  (volts) 
divided  by  the  current  (amperes). 

This  agrees  with  the  ordinary  definition  of  reactance, 
X  =  2TrfL.  Reactive  drop  is  IX  =  {2i^fL)I.  Self  induction,  L, 
is  defined  as  Z,  =  -!^  so  that  reactive  drop  IX  =  -JIIML  =  2^nfii> 

which  is  the  voltage  generated  in  the  circuit  of  n  turns  by  a  flux  <* 
of  frequency/.     In  a  word,  reactive  drop  is  a  counter  e.m.f. 


Cast-In  vs.  Bolted  Poles 

In  the  early  types  of  multi-polar  generators,  the  laminated 
poles  were  cast  into  the  frame,  but  this  method  of  construction 
has  become  obsolete,  having  been  superseded  by  bolted-in  poles. 
When  casting  the  poles  into  the  frame  a  special  form  was  used 
for  holding  the  poles  in  the  sand  to  insure  their  proper  spacing. 
These  poles  were  made  without  extended  tips,  for  the  field  coils 
had  to  be  formed  and  then  slipped  on  over  the  poles,  being  held 
in  place  by  hangers  attached  to  the  pole  pieces  and  the  frame. 
After  the  machine  was  assembled  a  field  coil  could  be  removed 
only  by  taking  the  armature  out  of  the  stator  and  loosening  the 
hangers.  This  made  repair  work  very  inconvenient.  The  great 
difficulty  with  these  machines  was  in  the  adjustment  of  the  air- 
gap.  If  the  gap  was  to  be  ir.;reased  the  armature  had  to  be 
removed  and  the  necessary  change  made  by  reboring.  It  was 
practically  impossible,  however,  to  decrease  the  gap.  The  con- 
struction was  an  inflexible  one  from  a  manufacturing  stand- 
point. 

With  the  bolted-in  poles  most  of  the  processes  of  manufac- 
ture and  repair  are  greatly  improved.  The  casting  of  the  frame 
is  a  very  simple  operation,  as  the  frame  consists  only  of  a 
circular  form  of  iron  or  steel  cast  in  one  or  two  pieces,  de- 
pending upon  its  size,  and  no  thought  need  be  given  to  the 
spacing  of  the  poles.  After  the  frame  is  cast,  bored  and  as- 
sembled it  is  a  very  easy  matter  to  correctly  space  the  pole 
pieces. 

The  bolted-in  poles  are  made  with  extended  tips,  the  body 
being  narrower  than  the  face.  By  making  the  pole  body  of 
decreased  section  material  is  saved,  both  in  the  pole  itself  and 
particularly  in  the  field  winding.  This  decrease  in  section  can 
be  made,  since  the  flux  may  be  worked  at  a  higher  density  in 
the  pole  body  than  in  the  pole  faces,  on  account  of  flux  dis- 
tribution in  the  air-gap. 

The  field  coils  are  formed  and  .slipped  over  the  pole  body 
from  the  rear  end,  and  are  supported  by  the  extended  tips.  The 
pole  with  its  field  coil  is  then  fastened  in  place  by  tap  bolts 
which  extend  through  the  frame  into  the  pole  body.  If  it  be- 
comes necessary  to  remove  the  field  coils  from  the  machine 
the  tap  bolts  are  removed  and  the  poles  can  be  taken  out  with- 
out disturbing  the  position  of  the  armature.  Liners,  composed 
of  sheet  steel  of  any  desired  thickness,  may  be  placed  between 
the  pole  and  the  frame  when  the  machine  is  assembled.  The 
air-gap  can  then  be  readily  changed,  if  necessary,  by  loosening 
the  tap  bolts  and  either  removing  some  of  the  liners  or  adding 
others,  as  the  case  may  require.  It  is  therefore  seen  that  easier 
methods  of  repair,  simpler  and  more  accurate  construction  and 
better  support  of  the  held  coils  have  all  had  their  weight  in 
changing  from  cast  to  bolted-in  pole  construction. 

B.  H.  LyTLE 
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1286 — Transformers    in    Series  —  Two 

20  k.v.a.  transformers  of  modern 
make  and  similar  in  all  respects  are 
to  be  used  with  the  connections  shown 
in  Fig.  1286(a)  in  order  to  secure  330 
volts  for  the  load  R  by  connecting  the 
latter  between  points  jb  and  the  half 
tap  2a.  The  normal  ratio  of  trans- 
formation for  each  transformer  is 
1100/220  volts  when  the  full  secondary 


FIG.  1286(a) 

winding  i-^  is  in  use.  The  following 
information  is  desired: — (a)  With 
2200  volts  impressed  on  the  two  pri- 
maries in  series,  what  will  be  the  volt- 
age across  each  primary,  and  each  sec- 
ondary? (b)  Is  there  probability  of 
dangerous  voltage  existing  across  any 
of  the  windings  with  full-load  current 
in  the  secondaries?  (c)  Will  distor- 
tion of  the  impressed  voltage  wave 
occur?  J.  c.  c.  (calif.) 

The  voltage  across  each  secondary  and 
across  each  primary  for  this  connection 
depends  upon  the  current  delivered  to 
the  load  R.  At  no  load  each  of  the  pri- 
maries will  have  IIOO  volts  across  them, 
and  each  of  the  secondaries  will  have  an 
induced  voltage  of  220  volts  from  /  to  3. 
When  current  is  taken  by  R,  the  ampere- 
turns  of  the  combined  secondaries  will 
equal  the  ampere-turns  of  the  combined 
primaries.  As  the  transformers  are  con- 
nected in  series  the  current  must  be  the 
same  in  both.  The  primary  load  ampere- 
turns  in  transformer  A  is,  therefore, 
one-third  greater  than  the  secondary 
ampere-turns;  also  in  transformer  B,  the 
secondary  ampere-turns  is  one-third 
greater  than  the  primary  load  ampere- 
turns.  The  transformers  act  as  react- 
ances   for    these    excess    ampere-turns. 


FIG.  1286(b) 

The  reactance  voltage  is  equal  to  the 
voltage  required  to  circulate  an  equiva- 
lent current  through  the  primaries  with 
the  secondaries  open  circuited.  This  can 
best  be  shown  by  the  following  vector 
diagram  and  magnetization  curve.  As- 
sume that  R  is  drawing  40  k.v.a.,  this 
gives  100  percent  load  on  the  combined 
primaries,  but  gives  an  excess  ampere- 
turns  in  the  primary  of  A  and  secondary 


of  B  equivalent  to  i2  percent  of  full- 
load  current.  The  magnetization  curve 
shows  that  33  percent  current  gives  150 
percent  voltage.  In  the  vector  primary 
diagram  JS.\  or  Hb  is  the  counter  e.m.f. 
of  either  primary,  B\  -j-  £b  is  the  volt- 
age across  the  two  primaries,  (2200 
volts)  /o  is  the  magnetizing  current,  /p 
is  the  primary  load  current.  The  react- 
ance voltage  in  transformer  A  is  due  to 
the  excess  primary  ampere-turns  and  is, 
therefore,  90  degrees  ahead  of  the  pri- 
mary current.  This  is  150  percent  volt- 
age, and  is  represented  by  /ax.  The 
reactance  voltage  in  transformer  B  is 
due  to  the  excess  ampere  turns  in  the 
secondarj'  and,  therefore,  90  degrees  be- 
hind the  primary  current.  This  is  indi- 
cated by  /bx.  The  total  voltage  across 
the  primary  of  A  is  the  resultant  of  /ax 
and  /Ja  and  equals  £Ai  in  the  diagram. 
The  resultant  voltage  across  the  primary 
of  B  is  /jB,.  The  vector  diagram  for  the 
secondaries  has  been  drawn  to  a  larger 
scale.    The  letters  in  this  correspond  to 
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FIG.   1286(c) 

similar  values  in  the  primary  diagram. 
The  reactance  between  the  primaries  and 
secondaries  have  been  neglected  in  the 
above,  as  these  are  practically  negligible. 
The  above  magnetization  curve  has  been 
assumed  and  may  not  be  correct  for 
these  particular  transformers,  as  this 
curve  varies  considerably  for  different 
transformers.  It  will  be  seen  from  the 
foregoing  that  the  voltages  across  the 
individual  transformers  may  have  dan- 
gerously high  values,  and  may  even  be 
several  times  normal.  Also,  under  these 
conditions,  the  cores  will  be  highly  sat- 
urated, which  will  result  in  the  magnet- 
izing current  /o  becoming  excessive.  On 
account  of  the  highly  magnetized  iron, 
the  current  wave  will  have  a  badly  dis- 
torted shape.  This  may  also  result  in 
distorted  voltage  waves  on  both  primary 
and  secondary  sides.  j.  F.  p. 

1287 — Lightning    Protection  —  In    the 

Journal  of  the  (British)  I.E.E.  of  Feb- 
ruary I,  1916,  p.  294,  appears  a  state- 
ment as  follows  : — "Surge  effects  do 
not  cause  much  trouble  on  a  large  sys- 
tem and  our  experience  has  been  that 
the  less  the  amount  of  apparatus  for 
protecting   against   surges   the   less   is 


the  trouble  experienced.  For  the  over- 
head lines  we  at  present  rely  entirely 
on  taking  them  into  substations 
through  a  short  length  of  under- 
ground cable.  After  the  lightning 
storms  last  summer,  statistics  were 
prepared  which  showed  the  benefit  of 
this  in  a  striking  manner.  Nearly  all 
cases  of  trouble  occurred  on  overhead 
lines  brought  direct  into  substations : 
a  few  cases  occurred  where  only  short 
lengths  of  cable  had  been  used,  say  20 
to  30  yards,  while  in  those  cases  where 
longer  lengths  of  cable  had  been  used 
no  trouble  at  all  was  experienced." 
Please  explain  why  such  a  means  of 
protection  fulfdls  the  same  purpose  as- 
the  protective  apparatus  usually  em- 
ployed for  such  service  and  what  are 
the  limiting  considerations? 

H.  e.  T.  (PENNA.) 

By  virtue  of  the  electrostatic  capacity 
between  the  leads  of  these  cables  and 
the  grounded  sheath  of  the  cable,  these 
lengths  of  cable  acted  as  condenser 
lightning  arresters.  The  longer  lengths 
of  cable  afforded  a  greater  degree  of 
protection  than  the  short  lengths,  be- 
cause the  greater  lengths  have  a  greater 
capacity  to  ground.  The  limiting  con- 
siderations of  an  arrester  of  this  form 
are  the  capacity  and  the  dielectric 
strength  of  the  cable,  and  the  line  con- 
sta;Us.  If  the  dielectric  of  the  cable 
breaks  down  it  means  a  short-circuit  on 
the  system,  while  if  a  more  concentrated 
capacity  is  placed  between  each  line  and 
ground  and  it  breaks  down,  the  chance 
of  a  short  circuit  is  greatly  reduced. 
The  greatest  limitation  of  the  condenser 
arrester  has  been  the  inability  to  obtain 
at  a  low  price  a  condenser  having  the 
required  capacity  and  a  sufficiently  high 
breakdown  value.  However,  recent  im- 
provements in  condensers  bid  fair  to 
greatly  reduce  these  limitations.  Con- 
denser arresters  are  now  used  to  some 
extent  on  direct-current  lines  when 
lightning  conditions  are  very  severe. 

G.  C.  D. 

1288 — Graphic  Wattmeter  Connections 

— Please  point  out  in  Fig.  1288(a) 
tlie  mistakes  in  the  connection  of 
the  graphic  recording  wattmeter  and 
power-factor  meter.  In  their  present 
position  no  reading  is  obtained  on  the 
wattmeter,  and  the  power-factor  meter 
is  180  degrees  out.  By  reversing  the 
leads  at  the  terminals  /  and  3,  also  6 
and  7,  a  correct  kilowatt  reading  is 
obtained.  By  changing  the  potential 
leads  on  the  power-factor  meter,  it 
will  read  in  the  "lag"  when  it  should 
"lead,"  and  vice  versa.  By  reversing 
B  and  C  at  the  instrument,  the  power- 
factor  meter  will  be  read  correctly. 
Again,  assuming  original  position, 
when  changing  B  and  C  at  current 
transformers,  no  reading  is  obtained 
on  the  wattmeter  and  the  power-factor 
is  O.K.  Then  changing  terminals  / 
and  -',  the  wattmeter  reads  correctly  at 
unity  power-factor,  but  can  be  made 
to     read     anything     by     varying     the 
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power-factor.  The  power-factor  meter 
will  not  rotate  when  the  potential 
leads  are  removed.  I  assume  this  is 
caused  by  a  mechanical  defect  in  the 
instrument.  F.  E.  m.(onTario) 

The  graphic  wattmeter  connections 
shown  in  Fig.  1288  (a)  would  be  correct 
if  the  direction  of  power  were  opposite 
to  that  shown  by  the  arrow.  For  the  di- 
rection of  power  indicated  on  the  dia- 
gram it  will  be  necessary  to  reverse  the 
connections  to  the  current  coils  in  order 
to  make  the  meter  read  in  the  right  di- 
rection. The  diagram  sliows  the  con- 
trol circuit  connected  to  one  of  the  volt- 
age transformers  which  supplies  the 
meter  element.  This  is  not  good  prac- 
tice. The  control  circuit  should  be  sup- 
plied from  a  separate  source.  The 
power-factor  meter  is  shown  with  its 
voltage  coil  connected  to  the  wrong 
phase.  One  terminal  of  the  voltage  coil 
should  connect  to  the  same  line  as  the 
current  transformer  which  supplies  the 
current  terminal  shown  at  the  left  in  the 
diagram.  If  the  voltage  connection 
shown  at  the  upper  left  terminal  of  the 
power-factor  meter  were  changed  to  the 
other  voltage  transformer,  the  meter 
would  read  power-factor  correctly  on 
the  lower  half  of  scale,  with  direction 
of  power  as  shown  in  diagram,  or 
would  give  the  same  reading  on  upper 
part  of  scale  with  power  supplied  in  the 
opposite  direction.  When  connecting 
power-factor  meters  it  should  be  re- 
membered   that   their   correct    operation 


depends  upon  having  the  current  coils 
connected  to  the  circuit  so  as  to  give  a 
definite  sequence  of  phases.  The  cor- 
rectness of  this  connection  is  shown  by 
the  direction  of  rotation  of  the  pointer 
on  current  alone.  When  this  test  is 
made,  the  load  on  the  meter  should  be 
from  2.5  to  5  amperes  in  the  five-ampere 
series  coils.  The  failure  of  the  meter 
movement  to  rotate  on  current  alone 
may  be  due  to  mechanical  defect  or  to 
insufficient  current.  A  meter  which  re- 
quires three  to  four  amperes  per  coil  to 
produce  rotation  on  current  alone  may 
have  ample  torque  to  read  accurately 
when  the  voltage  connection  is  made. 
Difficulty  in  obtaining  correct  operation 
of  power-factor  meters  sometimes  re- 
sults from  the  belief  that  it  is  absolutely 
necessary  that  the  middle  current  ter- 
minal of  the  meter  shall  connect  to  the 
common  point  of  the  two  current  trans- 
formers. The  leads  from  two  voltage 
transformers  or  two  current  trans- 
formers on  a  three-phase  circuit  when 
connected  as  shown  should  be  consid- 
ered in  the  same  way  as  the  three  main 
conductors  of  the  circuit.  There  is 
nothing  peculiar  about  the  lead  connect- 
ing to  the  middle  point  of  the  trans- 
formers, and  two  of  the  leads  should  be 
interchanged  if  necessary  to  obtain  cor- 
rect sequence  of  phases,  in  the  same  way 
that  the  main  conductors  would  be  in- 
terchanged. H.  B.  T. 


1289  —  Electric     Hoist     Brakes  —  We 

have  a  single-drum  cage  hoist  oper- 
ated by  an  85  horse-power  wound 
rotor  induction  motor  which  is  con- 
trolled by  a  reversible  master  con- 
troller and  clapper  hoard.  In  lowering 
we  simply  let  the  motor  run  back- 
wards without  any  power  on  it  and 
regulate  the  speed  with  the  hand 
brake.  In  lowering  a  heavy  load  to 
the  bottom  of  the  shaft  the  brake  be- 
comes undesirably  hot.  Could  a  sim- 
ple arrangement  be  made  by  which  the 
motor  could  be  made  to  do  the  braking 
going  down  ?  j.  c.  H.  (onTario) 

By  reversing  the  motor,  it  would  act 
as  an  alternating-current  generator  and 
hold  the  speed  at  about  the  synchronous 
speed  of  the  motor.  In  other  words,  the 
speed  going  down  would  not  exceed  the 
speed  going  up.  There  should  be  no  re- 
sistance in  the  rotor  circuit  when  this 
braking  is  being  done.  Inserting  resist- 
ance would  tend  to  increase  the  speed  in 
lowering.  There  is  no  convenient  way 
to  brake  from  this  full  speed  to  rest  by 
means  of  the  motor.  This  would  have 
to  be  taken  care  of  by  disconnecting  the 
motor  field  and  braking  to  rest  by  the 
mechanical  brake.  The  only  advantage 
of  using  the  motor  would  lie  to  limit 
the  maximum  speed  at  which  the  load 
would  go  down.  It  would  not  provide 
a  means  of  stopping,  but  would  decrease 
the  heating  of  the  brake.  a.  m.  d. 

1290— Heating  in  Lead-Covered  Cables 

—If  tiiree  600000  circ.  mil,  lead-cov- 
ered, rubber-insulated  cables  are  placed 
in  a  tile  duct  and  these  cables  con- 
nected to  a  switchboard  as  a  three- 
phase,  60  cycle  installation,  would  the 
heating  of  the  lead  sheatli  be  objec- 
tionable or  dangerous? 

E.  w.  P.  s.  (oHio) 
Tlie  current  wliich  will  flow  in  the 
lead  sheath  will  reduce  the  carrying  ca- 
pacity by  approximately  15  percent.  If 
the  frequency  is  25  cycles,  the  reduction 
m  carrying  capacity  is  about  five  percent. 
If  the  cables  are  farther  apart,  the  re- 
duction in  carrying  capacity  due  to  the 
presence  of  the  sheath  is  greater.  AUo 
the  reduction  in  carrying  capacitv  is  ap- 
proximately proportional  to  the  thick- 
ness of  the  sheath,  within  commercial 
ranges ;  this  data  being  based  upon  one- 
eighth  inch  thickness.  If  the  current 
which  flows  from  one  sheath  to  another 
is  forced  to  flow  through  a  contact 
having  a  high  resistance,  much  greater 
local  heating,  even  (under  some  c:,ndi- 
tions)  to  the  point  of  melting  the  lead, 
may  result.  This  condition  need  not 
exist  if  the  sheaths  are  connected  thor- 
oughly together  at  the  two  ends  and  if 
the  spacing  between  the  cables  does  not 
vary  between  these  points.  r.  w.  a. 

1291 — Railway  Motor  Air-Gap — What 
would  be  the  appro.ximate  decrease  in 
efficiency  of  the  standard  railway  type 
series  motor  if  the  air-gap  (between 
pole  pieces  and  armature)  were  in- 
creased 10  percent  due  to  rubbing  the 
pole  pieces  on  account  of  the  bearings 
being  worn  out.  I  mean  the  decrease 
after  bearings  have  been  re-babbitted, 
with  and  without  the  iron  losses  (due 
to  damage  by  rubbing)  taken  into  con- 
sideration. I  am  endeavoring  to  de- 
termine at  what  point  it  would  be 
most  economical  to  substitute  new 
pole  pieces  for  the  damaged  ones  ;  am 
assuming  that  average  increase  of  air- 
gap  is  ten  percent,  as  all  pole  pieces 
are  not  damaged.  j.  G.  o.  (penna.) 


The  increase  in  losses  (and  hence  de- 
crease in  efficiency)  due  to  the  enlarged 
air-gap  would  be  negligible  compared 
with  the  increase  due  to  the  short-cir- 
cuiting of  the  pole  laminations  from  the 
rubl)ing  of  the  armature.  As  these  pole 
face  losses  take  place  within  a  very 
small  fraction  of  an  inch  of  the  surface, 
it  would  not  require  much  contact  with 
the  revolving  armature  to  cause  suf- 
ficient short-circuiting  of  the  lamina- 
tions to  give  large  losses.  These  losses, 
in  conjunction  with  the  increased  core 
losses  due  to  damage  to  the  armature 
teeth  may  cause  sufficient  increase  in 
licating  to  be  dangerous  to  the  insula- 
tion. It  would  be  practically  impossible, 
however,  to  calculate  these  losses,  as  so 
nuich  depends  on  the  exact  conditions  of 
each  individual  machine,  as  well  as  on 
the  general  characteristics  of  the  type 
of  motor  in  question.  j.  w.  s. 

1292 — Induction  Motor  Bearings — (a) 

W'hat  is  tlie  usual  clearance  in  induc- 
tion motor  bearings  when  new,  the 
shaft  diameter  being  lYg,  inches?  Ap- 
proximately how  much  wear  would  a 
year's  use,  eight  hours  a  day,  be  on  a 
belted  motor  under  ordinary  condi- 
tions? (b)  Would  a  loose  bearing 
which  causes  unequal  air-gap,  but  does 
not  allow  the  rotor  to  touch  the  stator, 
have  a  tendency  to  increase  the  start- 
ing current  of  the  motor? 

J.  H.p.  (cauf.) 
(a)  Clearance  expressed  as  maximum 
difi:erence  in  size  of  shaft  and  bore 
which  is  permitted  in  manufacture  is 
+0.003  inches  minimum  to  +0.006 
inches  maximum.  The  usual  clearance 
may  average  about  +0.004  inches  for 
bearings  one  to  one  and  one-half  inches 
diameter.  The  question  as  to  the  wear  for 
one  year's  service  cannot  be  answered 
definitely,  as  it  depends  on  many  factors, 
principally  the  bearing  alloy,  bronze, 
babbitt  of  different  grades,  the  oil  used, 
freedom  from  dirt  and  grit,  length  of 
bearing,  belt  tension,  etc.  On  well- 
designed  and  well-kept  bearings  the 
wear  in  a  year  is  practically  zero,  not 
more,  at  any  rate,  than  o.ooi  or  0.002 
inches,  (b)  Ordinarily  a  slightly  loose 
bearing  would  have  no  tendency  to  in- 
crease the  starting  current. 

c.  w.  s.  and  a.  m.  d. 

1293  —  Sizes  of  Alternating-Current 
Motors — (a)  Are  alternating-current 
motors  built  for  220  volts  at  500  Iiorse- 
power  rating?  (b)  Are  steam  turbo- 
generators of  2000  k.v.a.,  three-phase, 
60  cycle  capacity  built  for  as  low  a 
voltage  as  220  volts?  If  !-•,  what  is 
the  relative  cost  of  such  a  i,  nt?  (c) 
Would  it  be  cheaper  to  generate  at 
2200  volts  and  step  down  to  220  than 
to  purchase  the  low-voltage  generator? 
R.  G.  B.  (penna. ) 

(a)  There  is  little  or  no  demand  for 
motors  as  large  as  500  horse-power  for 
voltages  as  low  as  220.  (b)  Turbo- 
generators of  2000  k.v.a.,  60  cycle,  220 
volt,  3600  r.p.m.,  have  been  built  for  spe- 
cial applications,  usually  for  supplying 
low-voltage  rotary  converters.  The  cost 
of  the  low-voltage  generator  will  be  a 
little  higher  than  a  similar  2400  volt  gen- 
erator on  account  of  the  cost  of  the 
heavy  copper  armature  cross  connecting 
straps  and  leads,  but  this  difference  will 
not  begin  to  pay  for  the  transformers, 
(c)  A  2400  volt  generator  and  step-down 
transformers  would  be  the  best  scheme 
if  the  current  must  be  transmitted  more 
than  100  feet  from  the  generator.      F.  D.  N. 
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1294 — Meter    Constant — I    am    placing 
a    three-phase,    five-ampere,    lOO    volt 
meter,  with  the  potential  transformer 
in  the  bns,  at  2300  volts,  and  current 
transformer    across    a    line    of    11  000 
volts,  as  shown  in  Fig.  1294(a).     Can 
the  reading  be  exact?   And  how  should 
the  reading  be  made  of  the  meter,  with 
2300/100    volt    potential    transformers 
and   16  to  I  current  transformers?     I 
ask   tliis   question   because   I   have  no 
potential  transformer  for  II  000  volts. 
M.  s.  (brazil) 
Assuming   that   the   meter   is   a   poly- 
phase watthour  meter  connected  so  that 
the  disc  rotates  forward  on  each  element 
independently   with    100   percent   power- 
factor    load,    and    assuming    the    trans- 
former  ratios  and  phase  angle  to  hold 
for   all    conditions    of    load,    1000   watt- 
hours  or  one  kilowatt-hour  on  the  meter 

2  X  80  X  II  000  ,    ,  ., 

represents  — - — -^^ =  1760  kilo- 
watt hours.  If  the  meter  has  a  one  kilo- 
watt-hour capacity  counter,  a  multiplier 


FIG.  1294(a) 

of  1760  should  be  used.  If  the  counter 
is     any    other    capacity    the     multiplier 

, ,  ,  1760  kilowatts  , 

^'^°"><^  ^''  kw  rating  of  the  counter'  '^^ 
connected,  the  meter  measures  its  own 
voltage  circuit  losses.  The  greatest 
source  of  error  would  probably  be  due 
to  the  varying  ratio  and  phase  angle  due 
to  varying  load.  This  answer  assumes 
that  the  main  transformer  is  connected 
Y-Y  or  A-A.  If  it  is  connected  Y-A  or 
A-Y  the  meter  phase  angles  will  be  incor- 
rect, c.  B.  B. 

129s — Motors  for  Coal-Cutting  Ma- 
chines—  Kindly  let  mc  know  the  size 
of  motor  (liorsc-power  rating)  gener- 
ally used  on  coal-cutting  machines. 
Are  any  made  for  use  on  alternating- 
current  circuits?  Please  give  an  ap- 
proximate method  of  estimating  the 
rating  (generally  given  in  tons  ca- 
pacity) of  a  haulage  motor,  knowing 
the  tons  coal  hauled,  grade  and  speed. 
Also  the  size  motor  used  in  the  range 
between  3  and  20  ton  rating. 

F.  G.  V.  (w.  v.\.) 
Usually  25  to  35  horse-power  motors 
are  used  in  coal-cutting  machines.  This 
rating  is  based  on  operating  for  one 
hour  at  75  degrees  rise.  The  motors  are 
generally  heavily  compounded,  250  or 
500  volt,  direct-current  motors.  A  num- 
ber of  companies  are  in  a  position  to 
furnish  alternating-current  motors  for 
operating  coal-cutting  machines.  These 
motors  have  proved  very  successful,  but 
require  a  little  better  voltage  regulation 
than  is  necessary  for  the  direct-current 
motor.  The  alternating-current  motor 
loses  torque  rapidly  with  drop  in  volt- 
age, while  the  direct-current  motor  does 
not  lose  torque,  but  drops  in  speed  with 
a  drop  in  voltage  For  a  method  of  esti- 
mating the  weight  and  equipment  of  a 
mine  locomotive  see  Vol.  VIII,  p.  986, 
and  Coal  Age  for  March  6  and  March 
20,  1915.  The  capacity  of  a  motor  equip- 
ment for  mine  locomotives  varies  some- 
what with  the  size.  For  gathering  loco- 
motives ranging  from  3.5  to  8  tons  the 


total  capacity  of  a  motor  equipment  will 
range  from  6  to  10  horse-power  per 
ton.  For  main  haulage  locomotives 
ranging  from  10  to  20  tons  weight  the 
total  capacity  of  the  motor  equipment 
will  range  from  10  to  12  horse-power 
l)er  ton.  G.  B. 

1296  —  Electrically-Driven  Flour  Mill 

— I  have  been  asked  as  to  the  liest 
equipment  to  install  to  run  an  elec- 
trically-driven flour  mill  of  about  1000 
horse-power  motor  load.  Having  been 
greatly  helped  in  other  difficulties  by 
your  Question  Box  answers,  I  would 
like  to  be  enlightened  upon: — (i)  In- 
formation as  to  efficiency  and  power- 
factor  at  full  load  and  of  starting 
torque  of: — (a)  Squirrel-cage  induc- 
tion motors,  (b)  Slip-ring  induction 
motors,  (c)  Synchronous  motors,  self- 
starting  and  separately  started.  (2)  In 
the  event  of  using  synchronous  mo- 
•  tors,  what  proportion  of  the  total 
horse-power  would  be  used  in  syn- 
chronous motors,  and  is  there  any  rule 
for  the  proportion?  (3)  What  would 
be  the  best  installation  for  a  Hour 
mill,  motors  all  starting  light  and  load 
put  on  by  clutches ; — that  is,  what 
style  of  motor  is  best  adapted  for  the 
work?  (4)  Advise  me  fully  as  to  the 
advantages  of  a  2200  volt  installation 
in  comparison  with  a  550  volt  installa- 
tion. The  service  is  60  cycles,  three- 
phase.  (5)  From  a  consumer's  stand- 
point, is  there  any  advantage  in  using 
synchronous  motors  to  increase  the 
power-factor?  w.  j.r,.  (.m.t.\) 

(i)  (a)  (b)  (c)  The  efficiencies  of 
squirrel-cage,  slip-ring  and  synchronous 
motors  of  the  same  rating  will  not  be 
materially  different.  The  power-factors 
of  the  squirrel-cage  and  the  slip-ring 
motor  as  designed  for  continuous  ser- 
vice, under  the  same  starting  conditions, 
will  be  approximateh'  the  same.  The 
power-factor  of  a  sjnichronous  motor 
will,  of  course,  be  according  to  the  de- 
sign of  the  machine.  The  starting  torque 
of  squirrel-cage  motors  will  vary  some- 
what, according  to  the  speed  under  con- 
sideration ;  for  slow-speed  motors  it  may 
be  as  low  as  1.25,  and  for  high  speed  as 
high  as  two  times  full-load  torque.  The 
effective  starting  torque  obtained  from 
the  squirrel-cage  motors  is  less,  on  ac- 
count of  starting  them  through  auto- 
transformers  on  reduced  voltage.  The 
starting  torque  obtained  will  be  less  than 
the  maximum  torque  of  which  the  motor 
is  capable,  as  the  square  of  the  voltage 
used  is  to  the  square  of  the  line  voltage. 
Starting  torque  of  2  to  2.5  times  full- 
load  torque  may  be  obtained  with  slip- 
ring  motors,  and  the  full  Ijencfit  of  tlic 
motor  capabilities  of  starting  torque  may 
be  obtained,  as  the  motors  are  started  on 
full  line  voltage,  with  resistance  in  the 
secondary,  and  the  resistance  is  then 
permanently  cut  out  from  the  secondary. 
Synchronous  motors  may  be  designed 
for  almost  any  starting  torque  up  to  a 
little  about  full-load  torque.  This  type 
of  motor  is  also  started  through  an 
autotransformer,  and  the  same  relation 
in  regard  to  the  efltective  starting  torque 
applies  to  these  motors  as  to  the  squirrel- 
cage  motors.  (2)  There  is  no  rule 
which  can  be  applied  to  the  application 
of  synchronous  motors  in  a  plant  where 
a  number  of  induction  motors  are  em- 
ployed. The  capacity  of  synchronous 
motors  required  would  be  determined  by 
the  power-factor  obtained  from  the  in- 
duction motor  installation,  and  tlie 
power-factor  desired.  Both  of  these  fig- 
ures will  vary  greatly  in  different  plants 
and  different  situations.     (3)   In  a  flour 


mill  it  is  usually  convenient  to  drive  the 
various  machines  in  groups,  in  wliich 
case  the  various  motors  will  be  of  small 
size,  and  it  is  usually  convenient  to  use 
squirrel-cage  motors  of  standard  con- 
struction, of  the  proper  characteristics 
for  starting  and  running  the  machinery 
without  the  use  of  clutches.  By  dividing 
the  machinery  into  groups,  and  using  a 
numl)er  of  smaller  motors,  it  is  jiossible 
to  cut  down  the  transmission  losses  of 
power  in  the  plant  materially,  and  also 
to  economize  on  the  use  of  power  by 
shutting  down  portions  of  the  mill  at 
times  when  its  operation  is  not  required. 
It  is  also  i)ossible  to  drive  all  the  ma- 
chinery in  the  mill  by  one  large  motor. 
In  this  case,  on  account  of  the  large  size 
of  the  motor,  it  is  preferable  to  use 
either  a  wound-secondary  motor,  to 
keep  down  the  current  at  starting  (the 
use  of  a  .squirrel-cage  motor  would  mean 
several  times  full-load  current  drawn 
from  the  line  at  starting,  requiring  spe- 
cial provision  in  capacity  of  the  line  and 
transformers  feeding  the  plant),  or  to 
use  a  synchronous  motor,  starting  idle 
or  starting  only  a  portion  of  the  load, 
and  the  remainder  of  the  machinerv 
being  started  by  clutches.  One  large  in-' 
duction  motor  would  give  a  higher 
power-factor  than  a  number  of  smaller 
motors,  and  with  a  synchronous  motor 
it  would  be  possible  to  obtain  100  percent 
power-factor.  However,  one  wound- 
■secondary  motor  would  be  practically 
fully  loade<l  most  of  the  time,  so  that  a 
reasonably  high  power-factor,  possibly 
even  90  percent,  would  be  obtained 
With  smaller  motors,  a  lower  power- 
factor  would  be  obtained,  although  not 
materially  lower.  In  this  case  the  power- 
factor  of  the  entire  system  would  be  im- 
proved by  the  use  of  a  synchronous 
motor  on  some  suitable  application 
where  the  starting  torque  was  light,  or  a 
.synchronous  condenser  floating  on  the 
line  without  load.  (4)  The  question  of 
voltage  requires  a  knowledge  of  the  lay- 
out of  the  mill.  If  a  number  of  smaller 
motors  are  desired,  necessitating  a  con- 
siderable amount  of  wiring  inside  the 
mill,  low  voltage  should  be  used  on  ac- 
count of  the  possible  danger  to  the 
workmen,  wdierc  if  one  large  motor  is 
used,  with  but  little  wiring  in  the  mill, 
there  is  no  objection  to  the  use  of  2200 
volts.  (5)  This  could  be  interpreted  as 
questioning  the  advantage  to  a  power 
user  of  taking  precautions  to  insure  a 
reasonably  high  power-factor.  Consid- 
ering the  motors  alone,  the  power-factor 
would  make  no  difference  in  their  oper- 
ation. Low  power-factor,  however,  will 
mean  increase  of  cable  bearing  capacity 
to  the  plant  and  in  transformers  feeding 
the  plant.  Motors  operating  at  low 
power-factor  have  a  direct  influence  on 
the  capacity  of  the  generating  apparatus, 
and  in  some  cases  this  is  of  sufficient 
value  to  the  central  station  that  they  are 
willing  to  make  a  rate  concession  to 
those  customers  who  maintain  their 
power-factor  above  a  certain  value. 

T.  E.  s. 

1297  —  Brush  Operation  —  Are  some 
bruslies  designed  to  operate  with  the 
commutator  running  towards  the  "toe" 
instead  of  towards  the  "heel?" 

R.  B.  c.  (calif.) 

Yes ;  differences  in  practice  in  this  re- 
gard are  due  to  differences  in  mechan- 
ical conditions.  Brushes  vibrate  less  in 
some  cases  when  the  direction  of  the  in- 
clination of  the  brush  with  respect  to 
the  direction  of  rotation  is  changed. 

F.  n.  N 
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VARIETIES  OF  BONDS 

While  the  investor,  who  is  seeking  as 
near  absolute  safety  of  his  investment 
as  possible,  must  always  consider  the 
purchase  of  bonds,  instead  of  either  pre- 
ferred or  common  stocks,  he  must  also 
remember  the  old  adage  that  "All's  not 
gold  that  glitters"  applies  equally  as 
well  to  bonds  as  to  the  metallic  king- 
dom. There  are  bonds  and  bonds,  and 
while  the  generic  term  "bonds"  may  be 
applied  to  almost  all  varieties  of  civic 
or  corporate  obligations  the  investor 
should  always  fully  understand  just 
what  kind  of  bond  he  is  purchasing  and 
just  what  priority  of  lien  his  security 
has  on  the  property  and  earnings  of  the 
issuing  corporation.     In  case  a  bond  is 
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who  seek  advice  as  to  how 
they  can  use  their  funds 
profitably  and  with  con- 
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the  large  insurance  com- 
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chased extensively  by  in- 
surance companies.  A 
copy  on  request  for  List 
No.  AU-172. 


A.  B.  Leach  &  Co. 

Investment  Securitie> 

149   Broadway,  New  York 
105  South  La  Salle  St.,  Chicago 

tV^l\  Philadelphia     Baltimore 

Buffalo  *^  L*ndon 


offered  him  at  a  low  price,  or  on  a  high 
j-ield  of  income,  both  meaning  the  same 
thing,  the  investor  may  usually  know 
that  eitlier  the  bond  is  not  well  secured, 
is  a  second  or  third  mortgage,  or  earn- 
ings are  but  slightly  more,  or  perhaps 
less,  than  are  required  for  the  interest 
payments.  Of  course,  there  are  times 
when  a  bond  may  be  offered  at  a  low 
price  because  of  some  special  circum- 
stances surrounding  that  particular  bond, 
but  these  are  found  but  seldom,  and  in 
purchasing  bonds,  as  well  as  other 
goods,  the  investor  will  find  that  lie 
must  pay  the  higher  price  when  he  buys 
the  best. 

Bonds  are  usually  divided  into  two 
classes,  civil  and  corporation.  Under 
the  first  class  fall  such  issues  as  gov- 
ernment, state,  county,  township,  mu- 
nicipal and  other  bonds  issued  by  po- 
litical subdivisions.  These  bonds  sell  at 
a  higher  price  and  yield  a  lower  rate  of 
income  than  corporation  bonds.  This  is 
because  they  are  considered  more  con- 
servative investments  with  the  smallest 
degree  of  risk  of  either  interest  or  prin- 
cipal. Corporation  bonds  may  be  di- 
vided into  three  classes.  These  are 
transportation  bonds,  those  of  railroads, 
steamship  companies,  express  companies 
and  other  corporations  engaged  in  the 
great  transportation  industry  of  the 
country,  although  electric  street  and  in- 
terurban  railway  bonds  are  usually  now 
classed  among  public  utility  bonds.  The 
latter  include  street  and  interurban  rail- 
ways, natural  and  artificial  gas  electric 
light  and  power,  water  supply,  water 
power,  telephone  and  telegraph  bonds. 
The  third  class  of  corporation  bonds 
may  be  made  up  of  such  issues  as  re- 
clamation, timber  land,  real  estate,  min- 
ing and  the  bonds  of  industrial  corpora- 
tions such  as  steel  and  iron  companies, 
cotton  and  other  mills  and,  in  fact, 
bonds  issued  by  any  of  the  many  varie- 
ties of  manufacturing  industry. 

In  connection  with  the  subject  of  mu- 
nicipal bonds,  it  might  be  well  to  say 
that  the  purchaser  of  a  municipal  bond 
should  always  learn  whether  it  is  a  di- 
rect obligation  of  the  issuing  political 
subdivision  or,  what  is  sometimes  known 
as  a  district  bond,  a  bond  issued  by  a 
taxing  district  for  improvements  and  its 
payment  provided  for  by  assessments  on 
the  property  benefited  by  the  improve- 
ment. These  bonds  are  sometimes  sub- 
jects of  dispute  and  are  not  as  good  in- 
vestments as  the  bonds  issued  by  au- 
thority of  the  entire  municipality  and 
backed  by  its  general  credit. 

However,  at  present  this  discussion 
will  be  devoted  to  corporation  bonds, 
especially  to  that  class  denominated 
"public  utility  issues,"  and  more  particu- 
larly to  those  of  electric  light  and  power 
and  electric  railway  corporations.  This 
class  of  bonds  offers  the  investor  an  op- 
portunity for  the  highest  income  yield 
with  the  largest  degree  of  safety  of 
principal  and  interest,  statistics  showing 
that  in  this  respect  they  are  far  ahead 
of  any  other  class  of  corporation  issues, 
being  comparable,  among  corporation 
bonds,  only  to  those  of  gas  and  water 
supply  companies. 

In  recent  years  natural  gas  bonds 
have  become  quite  popular  with  many 
investors,  and  there  has  been  but  a  low 


ratio  of  loss  on  these  issues.  One  cause 
of  their  popularity  is  that  they  usually 
sell  on  a  higher  income  basis  and  are  of 
short  maturity,  often  but  ten  years  and 
with  a  sinking  fund  of  ten  percent  a 
year,  so  that  the  entire  issue  is  paid  off 
by  their  sinking  fund  by  the  time  of  ma- 
turity. This  provision  is  made  in  the 
case  of  natural  gas  bonds  because  of  the 
nature  of  the  business,  it  being  esti- 
mated by  public  utility  men  that,  by  rea- 
son of  the  gradual  exhaustion  of  its  gas 
supply,  a  natural  gas  company  must  pro- 
vide for  the  amortization  of  its  invest- 
ment over  a  limited  period. 

Bond  nomenclature  is  of  such  a  nature 
that  it  is  practically  impossible  to  deter- 
mine just  what  degree  of  priority  a  cer- 
tain bond  may  have  from  its  title.     It  is 
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With  Bonds 

will  show  that  it  is  sometimes 
possible  to  purchase  preferred 
stocks  (yielding  from  six  to 
seven  per  cent.)  which  are  so 
well  safeguarded  and  protected 
by  earnings  that  they  can  be 
considered  almost  as  safe  as 
mortgage  obligations. 

For  the  purpose  of  presenting 
to  investors  the  very  attractive 
features  of  preferred  stocks  of 
this  character  we  have  pre- 
pared a  special  letter  giving 
concrete  examples. 

Send  for  letter.  No.  E-II 

William  P.  Bonbright&  Co. 

Incorporated 

14  Wall  Street,  New  York 

Philadelphia         Boston  Detroit 

London  Paris 

William  P.  Bonbright  &  Co.  Bonbright  &  Co. 
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always  well  to  have  a  copy  of  the  inden- 
ture of  the  bond  which  it  is  desired  to 
purchase  or  an  explanation  from  the 
selling  house  in  regard  to  just  the  rela- 
tion that  particular  bond  may  bear  to 
the  other  capital  obligations  of  the  com- 
pany. While  not  true  abroad,  it  may 
usually  be  considered  as  true  in  this 
country,  that  when  an  issue  is  denomi- 
nated as  a  "debenture"  or  as  a  "deben- 
ture bond"  it  is  an  unsecured  obligation 
of  the  issuing  corporation  or,  in  other 
words,  that  it  is  the  simple  promise  of 
the  company  to  pay  and  is  not  secured 
by  any  tangible  property,  but  only  by  the 
credit  of  the  corporation.  Sometimes 
debentures  are  secured,  but  this  is  so 
seldom  that  it  is  not  probable  that  the 
average  investor  will  ever  run  across  a 
debenture  of  the  second  class.  Some- 
times debenture  income  bonds  are  is- 
sued. 

Income  bonds  of  a  corporation  are 
bonds  which,  while  secured  by  mortgage 
on  property,  are  entitled  to  interest  only 
in  case  it  is  earned,  and  in  this  regard 
are  but  little  better  than  preferred 
stocks.  Failure  to  pay  interest,  if  it  has 
not  been  earned,  gives  no  right  to  take 
over  the  property.  Some  income  bonds 
are  cumulative  and  others  non-cumula- 
tive. In  the  case  of  the  former  the  un- 
paid interest  remains  as  an  obligation 
of  the  corporation  until  paid,  while  in 
the  latter  case  no  such  obligation  rests 
on  the  company,  and  the  failure  to  pay 
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the  full  interest  on  the  bonds  puts  no 
claim  on  the  issuing  corporation  so  long 
as  the  terms  under  which  the  bonds  were 
issued  have  been  observed.  Income 
bonds  take  precedence  over  the  stocks  of 
a  corporation  in  case  of  dissolution  of 
the  company  and,  of  course,  have  a  prior 
lien  on  the  income  of  the  corporation  to 
that  of  the  stock. 

Many  bond  salesmen  use  the  terms 
"assumed"  and  "guaranteed"  almost  in- 
terchangeably, but  the  terms  must  not  be 
confused.  Where  a  corporation  ac- 
quires another  company  and  merges  the 
corporate  identity  of  the  latter  into  it- 
self the  bond  is  "assumed,"  as  the  bonds 
become  the  direct  obligation  of  the  pur- 
chasing company,  being  "assumed"  just 
as  is  the  mortgage  on  a  house  when  the 
title  to  the  property  changes.  Often, 
however,  the  corporation  simply  pur- 
chases the  control  of  the  other  corpora- 
tion and  the  latter  does  not  lose  its 
corporate  identity,  and  in  order  to 
strengthen  the  credit  of  the  purchased 
company  the  purchasing  corporation 
"guarantees"  the  bonds  of  the  latter. 
The  terms  of  the  guarantee  may  be 
stamped  on  the  bonds  or  be  included  in 
a  supplementary  agreement.  When  the 
bonds  are  stamped  they  are  known  as 
"stamped"  bonds.  While  guaranteed 
bonds  are  usually  considered  a  high 
form  of  investment,  it  is  always  well  to 
look  carefully  after  the  terms  of  the 
guarantee  and  also  the  credit  of  the 
guaranteeing  corporation.  Just  because 
the  bond  has  been  "guaranteed"  is  not 
sufficient  to  make  it  a  safe  investment, 
as  has  been  proved  more  than  once  in 
the  corporation  history  of  the  United 
States.  The  purchaser  of  a  guaranteed 
bond  should  always  look,  or  have  looked 
up,  the  credit  and  standing  of  the  guar- 
anteeing corporation. 

Secured  bonds  are  of  two  classes, 
either  secured  by  mortgage  on  real  prop- 
erty or  by  the  deposit  witli  a  trustee  of 
collateral.  This  collateral  may  be  other 
bonds,  stocks  or  notes  endorsed  by  of- 
ficers of  the  issuing  corporation.  In 
purchasing  collateral  trust  bonds  it  is 
well  to  learn  just  the  kind  of  collateral 
which  has  been  deposited,  whether  it  is 
first  mortgage  bonds  of  subsidiary  com- 
panies, other  bonds,  stocks,  notes  or 
other  securities.  This  may  always  be 
learned  from  the  selling  house.  Many 
purchasers  of  collateral  trust  bonds,  who 
have  not  taken  this  precaution,  have  had 
reason  to  regret  that  they  did  not  do  so. 
It  is  also  well  to  learn  just  what  right 
the  holders  of  the  collateral  trust  bonds 
have  over  the  collateral  in  case  of  de- 
fault. Sometimes  the  collateral  is  tied 
up  in  such  a  manner  that  the  holder  of 
a  collateral  trust  bond  has  small  liberty 
of  action  in  case  a  default  occurs.  As 
already  said,  the  name  of  a  bond  does 
not  always  give  full  information  in  re- 
gard to  the  standing  of  its  lien  on  the 
mortgaged  property,  so  it  is  always  well 
to  ask  the  selling  house  to  explain  just 
what  priority  of  lien  that  particular 
mortgage  has  on  the  property. 

"First  mortgage"  without  any  qualify- 
ing term  speaks  for  itself  and  may  be 
considered  as  a  first  or  prior  lien  on  the 
property  mortgaged.  "First  and  refund- 
ing" means  usually  that  the  bonds  were 
issued  to   refund  an  issue  already  out- 


standing on  the  property  and  that  after 
these  bonds  are  taken  up  the  first  and 
refunding  bonds  will  be  a  first  lien  on 
the  property.  "Consolidated"  usually 
means  that  the  mortgage  has  been  made 
on  consolidated  properties,  and  when 
"first"  is  added  to  it  should  mean  that 
the  bonds  are  first  mortgage  bonds. 
"General"  is  usually  understood  to  mean 
that  general  mortgage  bonds  which 
cover  the  entire  property  and  are  sub- 
ject to  the  underlying  mortgages  which 
may  be  on  the  property.  In  this  con- 
nection it  should  be  said  that  when 
"underlying"  bonds  are  spoken  of, 
bonds  with  priority  of  liens  are  meant, 
while  "overlying"  means  that  the  bonds 
spoken  of  are  junior  or  subject  to  other 
underlying  issues. 

It  would  be  much  better  for  the  in- 
vestor if  tliere  were  a  definite  nomen- 
clature for  bonds,  so  that  the  same 
name  would  mean  the  same  thing  for  all 
bond  issues,  but  as  this  is  not  so  now,  no 
matter  how  it  maj'  be  in  the  future,  the 
only  thing  for  the  careful  investor  to  do 
is  to  make  full  inquiry  and  learn  from 
the  selling  house  just  what  the  name  of 
the  bond  which  he  is  investigating 
really  means.  He  may  be  certain,  how- 
ever, that  when  he  buys  a  lirst  mort- 
gage bond  under  that  name  with  no 
qualifying  adjective  that  he  is  getting  a 
real  prior  lien,  for  no  bond  house  would 
dare  put  out  a  first  mortgage  bond  as 
anything  else.  In  the  case  of  income 
bonds  he  may  also  know  that  he  will 
get  his  interest  if  it  is  earned,  and  in  the 
case  of  debenture  bonds  he  may,  almost 
without  exception,  know  that  he  is  get- 
ting an  unsecured  obligation  based  on 
the  credit  of  the  issuing  company  and 
not  secured  by  mortgage  either  on  real 
property  or  by  collateral. 

The  investor  will  find,  in  the  case  of 
natural  and  artificial  gas  companies  and 
electric  light  and  power  companies  and 
other  similar  corporations,  that  their 
bond  nomenclature  is  much  more  easy  to 
understand  than  that  of  steam  railroad 
bonds.  In  fact,  it  has  largely  been  the 
steam  railroads  that  have  been  respon- 
sible for  the  confused  terminology  of 
bonds.  In  the  many  reorganizations  of 
these  properties  the  reorganizing  inter- 
ests were  hard  put  to  it  to  find  distin- 
guishing terms  for  the  new  securities, 
and  so  they  coined  titles  for  bonds 
which  really  do  little  to  explain  just 
what  the  bonds  really  are. 

Public  utility  holding  companies  are 
large  issuers  of  collateral  trust  bonds, 
because  they  own,  not  the  physical  prop- 
erty of  their  operated  companies,  but 
usually  control  through  ownership  of 
the  stocks  of  the  latter.  Sometimes  the 
operated  companies  are  leased,  but  this 
has  not  proved  successful,  and  substan- 
tially all  properties  are  now  taken  over 
by  purchase  of  the  actual  control  of  the 
capital  stocks  of  the  operated  companies. 
In  issuing  their  collateral  trust  obliga- 
tions the  holding  companies  deposit 
these  stocks  with  a  trustee  as  security 
or  collateral  for  their  bonds.  Some- 
times the  bonds  of  the  underlying  com- 
panies are  deposited.  In  the  latter  case 
the  issuing  corporation  usually  placed 
the  word  "mortgage"  in  the  description 
of  the  bond  as  "collateral  trust  mort- 
gage"  bond.     Of   course,   the  bond   se- 
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cured  by  tlie  deposit  of  underlying  bonds 
is  of  a  higher  grade  than  one  secured  by 
the  deposit  of  stocks  alone,  but  with  the 
high  degree  of  earning  power  of  gas  and 
electric  light  and  power  companies  on 
their  stocks  there  is  little  danger  in  the 
stock  collateral  and,  so  far  as  known,  no 
holding  company,  properly  managed,  has 
failed  to  meet  its  full  obligations  on  its 
stock  secured  collateral  trust  obligations. 
The  purchaser  of  natural,  artificial 
gas,  electric  light  and  power  or  electric 
railway  bonds  will  usually  have  but  little 
difficulty  in  securing  full  information  on 
these  securities.  The  corporate  organi- 
zation of  the  majority  of  them  is  sim- 
ple and  their  bonds  are  not  difficult 
to  understand.  The  intending  investor 
should  first  of  all  learn  just  what  class 
of  bond  he  is  buying,  whether  first  mort- 
gage, collateral  trust,  income,  debenture 
or  some  other  form.  Also,  just  what 
rights  he  might  have  in  case  of  default, 
no  matter  how  remote  the  possibility  of 
this  may  be,  and  the  earnings  of  the 
company,  applicable  to  payment  of  the 
interest  on  this  particular  class  of  bond 
over  a  period  of  from  three  to  five 
years,  and  thus  see  whether  the  margin 
of  safety  above  interest  charges  has 
been  growing  as  it  should.  It  is  well 
also  to  ask  about  the  sinking  fund  provi- 
sions, although  it  is  becoming  quite  com- 
mon now  to  issue  bonds  without  sinking 
funds,  and  whether  or  not  bonds  pur- 
chased for  the  sinking  funds  are  bought 
in  on  tenders  or  drawn  by  lot  and  re- 
tired. In  the  latter  case,  the  price  at 
which  the  bonds  are  to  be  paid  for 
should  be  known.  In  the  case  of  sinking 
fund  bonds  retired  by  lot,  it  is,  of 
course,  possible  that  a  bond  might  be 
purchased  one  year  and  retired  the  next 
through  the  operation  of  the  sinking 
fund. 

In  regard  to  the  price  which  should  be 
paid  for  bonds  it  has  already  been  said 
that  the  higher  the  degree  of  safety  of 
the  investment  the  higher  usually  is  the 
price  of  the  bond  and  the  lower  the  in- 
come received  on  the  money  invested.  In 
bonds,  as  in  all  other  matters  of  busi- 
ness, it  is  the  degree  of  risk  which  gov- 
erns the  rate  of  return.  If  as  near  abso- 
lute safety  as  it  is  possible  to  secure  is 
wanted  this  must  be  paid  for,  while  if 
the  investor  is  willing  to  take  more  of  a 
risk  he  can  secure  a  larger  return  for 
his  investment.  It  is  never  well  for  the 
average  investor  to  pay  above  the  face 
value  of  a  bond,  or,  in  other  words,  to 
purchase  a  bond  at  a  premium.  Many 
bond  houses  instruct  their  bond  sales- 
men not  to  sell  the  average  investor  a 
bond  at  a  price  above  par,  but  to  re- 
serve such  bonds  for  large  investors, 
banks  or  insurance  companies.  The  rea- 
son for  this  is  that  the  average  investor 
does  not  understand  the  principles  of 
amortization  and,  if  he  bought  a  bond  at, 
say,  five  points  above  par,  held  it  to  ma- 
turity and  received  for  his  $1000  bond 
$50  less  than  he  paid  for  it,  he  would 
probably  want  an  explanation  from  the 
selling  house.  The  bank  or  insurance 
company,  on  the  other  hand,  would  have 
set  aside  each  year  a  small  percentage  of 
the  income  received  on  the  bond  to 
amortize,  or,  in  other  words,  to  absorb, 
by  the  maturity  the  $50  above  face  value 
paid  for  the  $1000  bond,  a  thing  which 


the  average  investor  would  not  think  of 
doing. 

In  regard  to  figuring  the  rate  of  in- 
come on  a  bond,  the  investor  must  not 
use  the  same  method  as  he  would  in  fig- 
uring the  income  on  a  stock.  In  the  case 
of  a  stock  with  no  maturity  the  income 
is  "flat"  and  can  be  determined  simply 
by  dividing  the  amount  per  share  re- 
ceived each  year  in  income  by  the  price 
paid  per  share  for  the  stock,  thus  giving 
the  percent  of  annual  income  yield.  In 
the  case  of  bonds  the  procedure  is  much 
more  complicated,  and  to  obtain  an  in- 
come yield  on  bonds  exactly  higher 
mathematics  must  be  employed.  Books 
of  bond  value  having  these  returns  fig- 
ured out  to  several  decimal  points  are 
used  by  all  of  the  large  buyers  or  sellers 
of  bonds.  In  computing  the  rate  of  re- 
turn on  a  bond,  not  alone  must  the  inter- 
est received  each  year  be  included,  but 
also  the  discount  (the  amount  below 
face  value  at  which  the  bond  was 
bought),  or  the  premium  (the  amount 
above  face  value  which  was  paid),  to- 
gether with  the  time  which  the  bond  has 
yet  to  run  to  reach  its  maturity.  By  a 
complicated  calculation,  involving  the 
use  of  logarithms,  the  rate  of  yield  is 
found.  Were  it  not  for  the  bond  tables 
bond  houses  would  be  compelled  to  keep 
a  large  staff  of  trained  mathematicians 
to  figure  out  the  income  yield  of  their 
bonds. 


It  is  impossible  to  describe  in  detail 
all  the  varieties  of  bonds  which  are 
being  offered  daily  to  investors  and,  so 
far  as  possible,  we  will  be  glad  to 
answer  for  our  readers  any  questions 
they  may  ask  in  regard  to  investments. 
In  the  next  number  of  the  Journai, 
stocks  as  investments  will  be  taken  up 
and  some  of  the  principles  of  stock  in- 
vestment explained. 

UTAH  SECURITIES  CORPO- 
RATION 
Utah  Securities  Corporation  has  sold 
to  New  York  bankers  $1700000  of  the 
7  percent  preferred  stock  of  Utah 
Power  &  Light  Company  which  it  held 
in  its  treasury.  The  proceeds  of  the 
sale  will  be  used  to  retire  as  many  of 
the  10  year,  6  percent  notes  of  Utah  Se- 
curities Corporation  as  the  amount  of 
$1700000  available  for  purchase  of  these 
notes  will  buy.  Some  time  ago  Utah 
Securities  Company  sold  $3000000  of 
similar  stock,  the  proceeds  being  used 
for  the  retirement  of  these  10  year  notes. 
Reports  from  the  electric  light  and 
power  properties  of  Utah  Light  &  Power 
Company  indicate  that  the  large  gains  in 
earnings  of  the  latter  part  of  1915  are 
being  continued  into  1915,  and  that  with 
any  increase  of  magnitude  in  the  de- 
mand for  current  the  company  will  be 
compelled  to  arrange  for  increased  gen- 
erating and  transmission  facilities. 


United 
Light  and  Railways  Co. 

Earnings  continue  to  gain  in  such 
measures  as  to  justify  an  acJvance 
in  the 

Common  and  Preferred 

Commercial  and  electric  lighting 
companies  in  the  Middle  West  are 
making  the  greatest  development 
of  any  section  in  the  country. 
The  preferred  yield  close  to  7^4% 
around  present  prices. 

"United  Light  &  Railways  Co.  Digest"  T  12 

Mailed  Free  on  Request 

EherU  Michaelis  &  Co. 
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TENNESSEE  POWER  COMPANY 

Tennessee  Power  Company,  controlled 
by  Tennessee  Railway,  Light  &  Power 
Company,  which  guarantees  principal 
and  interest  on  the  $7250000  of  first 
mortgage  s  percent  bonds  of  the  power 
company,  is  now  showing  much  better 
earnings.  These  bonds  have  been  sell- 
ing at  a  low  price  because  earnings  of 
the  company  were  not  enough  to  cover 
the  bond  interest,  the  deficit  being  pro- 
vided for  by  the  holding  company  and 
its  bankers,  but  for  1915  the  company 
earned  $39038  above  the  interest  re- 
quirements, as  compared  with  a  deficit 
of  $138326  in  1914.  The  earnings  of  the 
company  for  the  first  two  months  of 
1916  were  also  well  above  the  interest 
requirements,  although  in  the  corre- 
sponding period  of  1915  the  interest  was 
not  earned.  Demand  for  current  on 
Tennessee  Power  Company  is  now  in 
excess  of  its  generating  capacity,  and  a 
new  steam  station  of  10 000  horse-power 
is  being  constructed  at  Parksville  and  a 
new  hydroelectric  station  of  13  000 
horse-power  is  being  built  at  Great  Falls. 
On  the  completion  of  these  two  stations 
Tennessee  Power  will  have  58000  horse- 
power of  hydroelectric  capacity  and 
45000  horse-power  of  steam  generating 
capacitj'.  In  addition,  it  has  a  contract 
with  the  Chattanooga  &  Tennessee  River 
Power  Company,  controlled  by  the 
Brady  interests,  by  which  the  latter  com- 
pany will  furnish  it  55  000  horse-power 
of  energy  as  soon  as  the  installation  of 
additional  generating  units  in  its  hydro- 
electric station  at  Hales  Bar  is  com- 
pleted. Nearly  92  percent  of  the  output 
of  Tennessee  Power  Company  in  1915 
was  generated  in  its  hydroelectric  sta- 
tions and  but  8  percent  in  steam  sta- 
tions, the  increase  in  total  generation 
over  1914  being  38  percent.  The  maxi- 
mum demand  on  the  system  in  Decem- 
ber, 1915,  was  62  000  kilowatts,  and  in 
December,  1914,  47  600.  One  cause  of 
small  net  earnings  in  1914  was  that 
steam  generation  was  largely  used  be- 
cause of  abnormally  low  water  in  the 
streams  of  Tennessee. 


INCREASES  IN  ELECTRIC  POWER 
BUSINESS 
Some  of  the  smaller  electric  light  and 
power  companies  of  the  country  are  re- 
porting astonishing  increases  in  their 
earnings  due  to  the  heavy  increase  in 
the  use  of  electric  current.  Massillon 
(Ohio)  Gas  &  Electric  Company  re- 
ported for  the  12  months  ended  Febru- 
ary 29,  1916,  a  gain  of  64  percent  in 
gross  and  of  135  percent  in  net  as  com- 
pared with  the  preceding  12  months.  Al- 
liance Gas  &  Power  for  the  same  period 
showed  a  gain  of  26  percent  in  gross 
and  of  36  percent  in  net.  Trumbull 
Public  Service  Company  made  a  gain  of 
27  percent  in  gross  and  54  percent  in 
net,  while  the  Empire  District  Electric 
Company  increased  its  gross  52  percent 
and  its  net  44  percent.  Bristol  Gas  & 
Electric  Company  reported  a  gain  of  11 
percent  in  gross  and  of  39  percent  in 
net.  The  reports  of  these  companies, 
well  scattered  over  the  country,  indicate 
that  the  electric  light  and  power  busi- 
ness is  now  in  the  most  flourishing  con- 
dition in  its  entire  history. 


RECORD  APPLIANCE  SALES 

The  Doherty  Organization,  which  has 
charge  of  the  operation  of  the  proper- 
ties of  Cities  Service  Company,  reports 
that  its  sales  of  lamp  socket  electrical 
appliances  for  the  12  months  ended 
February  29,  1916,  were  $802494,  as 
compared  with  $566  775  for  the  preced- 
ing 12  months,  an  increase  of  $275  719. 
The  net  profit  on  the  sales  of  appliances 
for  the  same  period  was  $35  800,  as 
against  a  loss  of  $44500  for  the  preced- 
ing 12  months,  or  a  gain  of  $80300  in 
profits.  That  the  sales  of  these  elec- 
trical appliances  is  steadily  increasing  is 
shown  by  the  fact  that  for  February, 
1916,  sales  of  the  Doherty  Organization 
were  $71  670,  as  compared  with  $27  936 
in  February,  1915. 


NORTHERN  STATES  POWER 
Northern  States  Power  Company  has 
called  for  payment.  May  i,  the  $7210000 
of  Consumers  Power  of  Minnesota  20 
year,  5  percent  bonds  due  1929,  and  the 
$1 434  500  of  6  percent  collateral  lien 
notes  of  Consumers  Power  of  Minne- 
sota due  May  i,  1917.  It  also  has  called 
for  payment  June  i,  1916,  the  $5000000 
5  year,  6  percent  collateral  lien  notes  of 
Northern  States  Power  Company  due 
June  I,  1917,  and  the  $3000000  six  per- 
cent notes  of  Minneapolis  General  Elec- 
tric Company,  June  I,  1917.  To  provide 
for  the  retirement  of  these  bonds  and 
notes  Northern  States  Power  Company 
has  sold  to  a  syndicate  of  Chicago  and 
New  York  bankers  its  own  long-term 
bonds  of  sufficient  amount  to  provide 
not  only  for  the  payment  of  the  above 
securities,  but  also  for  other  corporate 
requirements  of  the  company.  By  this 
simplification  of  its  financial  organiza- 
tion, and  also  the  simplification  of  its 
corporate  organization  now  under  way. 
Northern  States  Power  Company  will  be 
in  position  soon  to  place  its  common 
stock  on  a  regular  dividend  basis. 


ALABAMA  POWER  COMPANY 

Alabama  Power  Company,  a  subsidi- 
ary of  Alabama  Traction,  Light  & 
Power  Company,  has  sold  to  New  York 
bankers  $4000000  first  mortgage,  30 
year,  5  percent  bonds,  the  first  issued 
under  an  authorized  mortgage  of 
$100000000.  Proceeds  of  the  new  issue 
will  be  used  to  retire  the  $2000000  six 
percent  first  mortgage  bonds  now  out- 
standing and  for  improvements  and  ex- 
tensions to  its  properties.  Included  in 
the  additions  will  be  a  new  30000  horse- 
power steam  generating  station  in  the 
heart  of  the  coal  fields  in  the  Black 
Warrior  district  and  the  extension  of 
its  high-tension  transmission  lines.  The 
company  now  owns  a  70  000  horse-power 
hydroelectric  station  at  Lock  12  on  the 
Coosa  River,  and  this  is  being  enlarged 
to  90000  horse-power  capacity.  It  also 
owns  a  15000  horse-power  steam  gener- 
ating station  at  Gadsden,  Ala.  The  new 
bonds  are  well  protected  by  the  value  of 
the  physical  property,  by  restrictions  in 
regard  to  earnings  and  by  a  sinking 
fund.  For  the  year  ended  February  29, 
1916  earnings  of  the  company  applicable 
to  the  payment  of  interest  on  these  new 
bonds  were  $607  000,  or  more  than  three 
times  the  annual  interest  charges. 


WEST  PENN  TRACTION 
COMPANY 

Through  the  proceeds  of  the  sale  of 
the  $8000000  first  mortgage  bonds  of 
West  Penn  Power  Company,  the  West 
Penn  Traction  Company  has  paid  off 
and  canceled  51  percent  of  its  first  mort- 
gage 5  percent  bonds,  and  now  has  but 
$5  536  000  of  these  bonds  outstanding. 
By  the  purchase  and  cancellation  of  the 
bonds  which  were  put  up  as  collateral 
for  the  West  Penn  Traction  three-year 
6  percent  notes  due  in  1917  the  company 
now  has  sufficient  funds  on  hand  to  pro- 
vide for  the  payment  of  the  $6000000  of 
these  notes,  and  they  will  be  called  for 
payment  September  i,  1916,  at  100  and 
interest.  The  retirement  of  these  notes 
will  place  the  company  in  position  to 
turn  over  to  the  .American  Water  Works 
&  Electric  the  proportion  of  its  surplus 
earnings  accruing  to  that  company  from 
ownership  of  stock  in  West  Penn  Trac- 
tion &  Water  Power  Company,  tlie  hold- 
ing corporation  for  West  Ponn  Traction 
and  West  Penn  Railways. 


ST.  JOSEPH  RAILWAY,  LIGHT, 
HEAT  &  POWER 

Showing  the  marked  gain  which  has 
taken  place  in  the  demand  for  electric 
light  and  power,  the  St.  Joseph  Rail- 
way, Light,  Heat  &  Power  Company 
reports  that  for  January,  1916,  its  gen- 
erating stations  had  an  output  of 
2  484  533  kilowatt-hours  as  compared 
with  2 132  902  kilowatt-hours  in  1915, 
while  for  February,  1916,  the  output  was 
2198,811  kilowatt-hours,  as  compared 
with  I  900  247  kilowatt-hours  in  Febru- 
ary, 191 5. 


Indications 

Public  Utility  Securities  are  steadily 
advancing  in  price  as  the  public  be- 
comes acquainted  with  their  invest- 
ment advantages,  shown  by  recent 
statistics. 

For  a  period  of  over  thirty  years  (18S2-1911) 
statistics  taken  of  net  earning'^  per  $100  of  out- 
standing Railroad,  Industrial  and  Gas  and  El- 
ectric Securitie-s  show  the  following  comparison; 

Net  E-\rning3  Per  SlOO  op  OtrrsTANDiNO 
Securities 

Gas  and  Electric  Companies.. .  .$8.45 

Industrial 7 .  79 

Railroads 4.25 

For  the  same  period  figures  were  taken  to  show 
the  average  risk  of  receivership  in  each  case 
with  the  follo\\'ing  result: 

Risk  op  RECEivEPSHir 

Industrial Sr2.07 

rtailroads 1.84 

Gas  and  Electric  Companies.. . .  0.37 


Lei  us  send  you  a  review  ot  14  strong 
Utility  Companies.  Ask  for  "  Utility 
Review"  "L"  today 
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TENTATIVE  PROGRAM  FOR  THE 
CHICAGO  N.E.L.A.  CON- 
VENTION 
A. tentative  program  of  the  work  to  be 
done  at  the  Chicago  convention,  May  22- 
26,  has  been  announced  by  the  secretary, 
Mr.  T.  C.  Martin.  At  San  Francisco,  in 
1915,  the  working  sessions  for  various 
reasons  were  limited  to  three  days — 
Tuesday,  Wednesday  and  Thursday — 
but  at  Chicago  there  will  be  sessions  on 
Friday  morning.  There  are  three  spe- 
cial features  of  the  program  this  jear. 
Three  sessions  are  occupied  by  the  new 
Electric  Vehicle  Section,  and  two  are 
devoted  to  the  new  Company  Section 
Committee,  which  is  doing  splendid  work 
in  the  development  of  this  branch  of 
Association  usefulness.  The  third  item 
is  that  the  Public  Policy  meeting  will  be 
an  executive  session,  open  only  to  Class 
A  operating  companies  and  their  repre- 
sentatives. A  more  attractive  program 
was  never  presented  to  the  membership 
than  that  which  follows : — 

TUESDAY,  MAY  23 

First  General  Session— id  a.  m. — 
I— Welcome  to  the  City— Mayor  Thomp- 
son ;  2— Address  of  President  Lloyd; 
a—Announcements  ;  4 — Report  of  Com- 
mittee on  Organization  of  the  Industry 
(Membership) — George  Williams;  5 — 
Report  of  the  Secretary— T.  C.  Martin; 
6 — Report  of  Insurance  Expert — W.  H. 
Blood,  Jr.;  7— Report  of  Committee  on 
Progress— T.  C.  Martin;  8— Report  on 
Question  Box — S.  A.  Sewall ;  9 — Report 
of  Committee  on  Relations  with  Educa- 
tion Institutions — J.  F.  Gilchrist ;  10 — 
Report  of  Committee  on  Company  Sec- 
tions— F.  J.  Arnold. 

First  Technical  and  Hydro-Electric 
Session— 2  -.30  p.  M.—i— Chairman's  Ad- 
dress—Holton  H.  Scott;  2— Report  of 
Committee  on  Meters — C.  G.  Durfee; 
3 — Report  of  Committees  on  Electrical 
Measurements,  Values  and  Terminology 
— A.  E.  Kennelly  ;  4 — Paper  :  Lightning 
Protection  for  Transformers — D.  W. 
Roper. 

First  Accounting  Session — 2 :3o  p.  m. 
— I — Chairman's  Address — H.  M.  Ed- 
wards; 2 — Election  of  Nominating  Com- 
mittee; 3— Report  of  Executive  Com- 
mittee; 4 — Report  of  Membership  Com- 
mittee—E.  J.  Allegaert;  5— Report  of 
Committee  on  Classification  of  Accounts 
—William  Schmidt,  Jr. ;  6— Report  of 
Committee  on  Cost  Accounting  and  Sta- 
tistics—T.  J.  Walsh;  7— Report  of  the 
Library  Committee — Alex.  Holme. 

First  Commercial  Session— 2:30  p.  m. 
I — Chairman's  Address — J.  F.  Becker  ; 
2— Report  of  Committee  on  Finance— E. 
A.  Edkins ;  3— Report  of  Committee  on 
Membership— H.  N.  McConnell :  4— Re- 
port of  Committee  on  Publications— C. 
A.  Littlefield  ;  5— Report  of  Committee 
on  Salesman's  Handbook — M.  S.  Seel- 
man;  6— Report  of  Committee  on  Edu- 
cation of  Salesmen— F.  R.  Jenkins ;  7 — 
Paper:  The  Way  to  Make  a  Salesman 
— Earl  E.  Whitehorne;  8— Report  of 
Committee  on  Merchandising  and  Re- 
cent Development  in  Electrical  Appli- 
ances— W.  G.  Stetson. 

Second  General  and  Executive  Ses- 
sion—8  130  p.  m.—i— Report  of  Commit- 
tee on  Public  Policy — W.  W.  Freeman ; 
2 — Report  of  Committee  on  Taxation  of 
Public  Utilities — John  A.  Britton. 

WEDNESDAY,  MAY  24 

Second  Accounting  Session — 10  a.  m. 
— I — Report  of   Committee  on  Form  of 
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.Annual  Report— C.  H.  Hodskinson  ;  2 — 
Report  of  Committee  on  Customers' 
Records— E.  J.  Fowler;  3— Report  of 
Committee  on  Purchasing  and  Store- 
room Accounting — H.  F.  Frasse. 

Second  Commercial  Session — 10  a.  m. 
— I — Report  of  Committee  on  Wiring — 
R.  S.  Hale;  2 — Report  of  Committee  on 
Lamps — Frank  W.  Smith  ;  3 — Report  of 
Committee  on  Electric  Ranges — W.  R. 
Putnam  ;  4 — Election  of  Committee  on 
Nominations. 

Third  General  and  Executive  Ses- 
sion— 10  A.  M. — I — Report  of  Treasurer 
— W.  H.  Atkins;  2— Election  of  Com- 
mittee on  Nominations  ;  3 — Report  of 
Committee  on  Rate  Research  —  Alex. 
Dow ;  4 — Report  of  Committee  on  Con- 
stitution and  By-Laws — R.  S.  Orr  ;  5 — 
Report  of  Committee  on  Geographic 
Sections — Louis  D.  Gibbs  :  6 — Address  : 
The  Society  for  Electrical  Development 
— J.  M.  Wakeman. 

First  Electric  Vehicle  Session— 10 
a.  m. — I — Address  of  Chairman — Walter 
H.  Johnson  ;  2 — Report  of  Secretary — 
A.  Jackson  Marshall ;  3 — Report  of 
Treasurer — H.  M.  Edwards  ;  4 — Report 
on  Section  Activities — Secretary  Mar- 
shall ;  5 — Report  of  Committee  on  Mem- 
bership— Joseph  D.  Israel ;  6 — Report  of 
Committee  on  Standardization — E.  R. 
Whitney;  7 — Report  of  Committee  on 
Motion  Picture  Films — Carl  H.  Reed ; 
8 — Report  of  Committee  on  Traffic  and 
Good  Roads — A.  H.  Manwaring  ;  9 — Re- 
port of  Committee  on  Insurance — Day 
Baker:  10  —  Election  of  Nominating 
Committee. 

Second  Technical  and  Hydro-Elec- 
TRic  Session — 2:30  p.  m. — i — Report  of 
Committee  on  Underground  Construc- 
tion— E.  B.  Meyer  ;  2 — Report  of  Com- 
mittee on  Overhead  Line  Construction 
and  Inductive  Interference — R.  J.  Mc- 
Clelland ;  3 — Report  of  Committee  on 
Hydro  and  Transmission  Progress — T. 
C.  Martin. 

Third  Commercial  Session — 2:30  p. 
M. — I — Report  of  Power  Sales  Bureau — 
C.  J.  Russell;  2 — Paper:  Central  Sta- 
tion Service  in  the  Manufacture  of  Arti- 
ficial Ice — C.  J.  Carlsen  ;  3 — Report  of 
Committee  on  New  Industrial  Applica- 
tions of  Electricity — P.  Torchio  :  4 — Re- 
port of  Industrial  Electric  Heating  Bu- 
reau— C.  F.  Hirshfeld. 

Second  Electric  Vehicle  Session — 
2 :3o  p.  M. — I — Report  of  Committee  on 
Garages  and  Rates — George  B.  Foster; 
2 — Report  of  Committee  on  Legislation 
— P.  D.  Wagoner;  3 — Report  of  Com- 
mittee on  Federal  and  Municipal  Trans- 
portation—  James  H.  McGraw :  4 — 
Paper  :  Industrial  Truck  Applications — 
C.  W.  Squires  ;  S — Paper  :  Electric  Truck 
Problems  and  How  to  Minimise  Them 
— F.  E.  Whitney;  6— Paper:  The  Rela- 
tion of  Tires  to  Electric  Vehicle  Effici- 
ency— S.  N.  Norton;  7 — Paper:  Greater 
Garage  Service — Harry  Salvat. 

THURSDAY,  MAY  25 

Third  Technical  and  Hydro-Elec- 
tric Session — 10  a.  m. — i — Report  of 
Committee  on  Accident  Prevention — 
Martin  J,  Insull :  2 — Report  of  Commit- 
tee on  Prime  Movers — I.  E.  Moultrop ; 
3 — Report  of  Committee  on  Electrical 
Apparatus — L.  L.  Elden. 

Third  Accounting  Session — 10  a.  m. 
— I — Paper  :  Correspondence  Course  in 
Accounting — A.  L.  Holme  and  J.  R. 
Wildman;  2 — Report  of  Committee  on 
Question  Box — Edwin  A.  Barrows;  3 — 
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Open  Discussion  and  Experience  Meet- 
ing; 4 — Report  of  Committee  on  Nomi- 
nations; s — Election  and  Installation  of 
Officers : — Adjournment. 

Fourth  Commercial  Session — 10  a. 
M.—I — Report  of  Lighting  Sales  Bureau 
—John  G.  Learned  :  2— Report  of  Com- 
mittee on  Commercial  Aspects  of  High- 
way and  Municipal  Li.ghting — T.  F. 
Kelly ;  3 — Report  of  Committee  on  In- 
dustrial and  Yard  Lighting — Oliver  R. 
Hogue  ;  4 — Lecture  :  Lighting — A  By- 
product or  a  Buy  Product  (Illustrated) 
— William  A.  Durgin. 

Third  Electric  Vehicle  Session — 10 
a.  m. — I — Report  of  Committee  on  Oper- 
ating Records — W.  P.  Kennedy;  2 — Re- 
port of  Committee  on  Central  Station 
Co-operation — E.  S.  Mansfield  ;  3 — Pa- 
per :  The  Exchange  Battery  System — 
P.  D.  Wagoner  ;  4 — Paper  :  Passenger 
Vehicle  Problems  and  Activities — E.  P. 
Chalfant ;  5 — Paper  :  Central  Station 
Promotion  of  Electric  Vehicle  Use — W. 
P.  Kennedy;  6 — Report  of  Committee 
on  Nominations ;  7 — Election  and  In- 
stallation of  Officers; — .Adjournment. 

Fourth  Technical  and  Hydro-Elec- 
tric Session — 2:30  p.  m. — i — Report  of 
Committee  on  Street  Lighting — S.  B. 
Way;  2 — Report  of  Committee  on 
Power  Supply  for  the  Electrification  of 
Steam  Railroads — Peter  Junkersfeld;  3 
— Paper :  Central  Station  Electric  Sys- 
tems and  Railroad  Power — F.  Darling- 
ton. 

Fifth  Commercial  Session,  Power 
Sales  Bureau — 2:30  p.  m. — i — Paper: 
Temporary  Service  for  Municipal  Sub- 
Service  and  Other  Construction — C.  K. 
Nichols:  2 — Paper:  Tlie  Resistance 
Heater  as  a  Load  Builder — E.  F.  Col- 
lins :  3 — Paper  :  Electric  Furnaces — R. 
H.  Tillman;  4— Paper:  Electric  Weld- 
ing— S.  R.  Dresser  ;  5 — Report  of  Com- 
mittee on  Competitive  Power  Sources^ 
E.  F.  Tweedy. 

First  Company  Section  Session — 
2:30  p.  m. — I — Paper:  The  Company 
Section  and  the  Company — M.  S.  Seel- 
man,  Jr. ;  2 — Paper  :  Financing  Com- 
pany Sections— A.  L.  Atmore  ;  3— Paper : 
Company  Section  Educational  Work — 
Douglass  Burnett :  4 — Paper  :  Company 
Section  Entertainment  and  Recreation — 
A.  D.  Bailey. 

FRIDAY,  MAY  26 

Fourth  General  and  Executive  Ses- 
sion— 10  A.  M. — I — Awarding  Doherty, 
Williams  and  Frasse  prizes  ;  2 — Report 
of  Nominating  Committee  ;  3 — Report 
of  Committee  on  President's  Address; 
4 — Report  of  Committee  on  Memorials ; 
5 — Report  of  Committee  on  Resolutions  ; 
6 — Election  and  Installation  of  Officers; 
— Adjournment. 

Sixth  Commercial  Session,  Light- 
ing Sales  Bureau — 10  a.  m. — i — Re- 
port of  Committee  on  Residence  Light- 
ing— Fred  H.  Scheel :  2— Report  of 
Committee  on  Stores  and  Public  Build- 
ings— S.  B.  Burrows;  3 — Report  of  Com- 
mittee on  Electrical  Advertising— A.  K. 
King ;  4 — Election  and  Installation  of 
Officers  : — Adjournment. 

Second  Company  Section  Session — 
10  A.  m. — I — Paper:  Employees'  Activi- 
ties: Should  They  ALL  Be  Under  the 
Auspices  of  the  N.E.L.A.  Company  Sec- 
tion?— J.  D.  Israel ;  2 — Formation  and 
Methods  of  Conducting  Company  Sec- 
tions— E.  C.  Stone  :  3 — Suggestions  by 
Committee  on  Company  Sections — F.  J. 
-Arnold ; — Adjournment. 
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ELECTRIC    VEHICLE    ASSOCIA- 
TION   BECOMES    ELECTRIC 
VEHICLE  SECTION  OF 
THE  N.E.L.A. 

The  Electric  Vehicle  Association  has 
formally  accepted  the  invitation  of  the 
N.E.L.A.  Association  to  affiliate  with 
the  latter  as  its  Electric  Vehicle  Sec- 
tion. Their  headquarters  will  be  trans- 
ferred to  the  N.E.L.A.  offices,  with  Mr. 
A.  J.  Marshall  as  secretary-  of  the  new 
Association  section. 


PERSONALS 

Mr.  Clement  F.  Street,  formerly  of 
the  East  Pittsburgh  sales  department  of 
the  Westinghouse  Electric  &  Mfg.  Com- 
pany, and  at  present  vice  president  of 
the  Locomotive  Stoker  Company,  has 
been  awarded  the  John  Scott  legacy  and 
premium  by  the  Franklin  Institute  for 
the  Street  locomotive  stoker. 


Mr.  Henry  M.  Brinckerhoff,  of  the 
consulting  engineering  firm  of  Barclay-. 
Parsons  &  Klapp,  has  been  appointed 
chief  engineer  of  the  Chicago  Traction 
and  Subway  Commission,  recently  or- 
ganized to  prepare  a  report  on  the  con- 
solidation of  surface  and  elevated  lines 
and  on  subwavs. 


Mr.  E.  C.  Geither,  formerly  of  the 
New  York  district  office  of  the  Westing- 
house  Electric  &  Mfg.  Company,  and 
later  of  the  EUcon  Company,  New  York 
City,  is  now  with  the  Ingersoll-Rand 
Company  and  has  recently  been  ap- 
pointed sales  manager  of  their  N^ew 
York  office.  He  will  also  have  charge 
of  the  sales  of  the  A.  S.  Cameron  Pump 
Works  in  the  New  York  Citv  territorv. 


Mr.  E.  A.  Cousins,  engineer  in  charge 
of  the  New  York  Automobile  Service 
Department  of  the  Westinghouse  Elec- 
tric &  Mfg.  Company,  has  resigned  to 
become  general  superintendent  of  the 
Daniels  Motor  Car  Company,  Read- 
ing, Pa. 


Mr.  H.  _0.  Swoboda,  consulting  elec- 
trical engineer,  Empire  Building,  Pitts- 
burgh, Pa.,  has  been  retained  by  the 
Borough  of  New  Brighton,  Pa.,  for  the 
purpose  of  planning  a  new  street  light- 
ing system. 


Mr.  D.  W.  Beldon,  who  has  been  in 
charge  of  the  El  Paso  district  office  of 
the  Westinghouse  Electric  &  Mfg.  Com- 
pany since  it  was  opened  in  1909,  has 
resigned  to  become  direct  representative 
of  the  Westinghouse  Export  Company 
at  Valparaiso,  Chile,  South  America. 


Mr.  Stanleigh  O.  Kelley  will  take  a 
position  on  May  8  with  the  Public  Ser- 
vice Company  of  New  Jersey  as  power 
representative  in  their  Camden  district. 
Mr.  Kelley  graduated  from  Clemson 
College  in  1910.  Leaving  college  he 
spent  two  years  in  the  apprentice  course 
of  the  Westinghouse  Electric  &  Mfg. 
Company.  He  then  took  a  position  with 
the  Birmingham  Railway,  Light  & 
Power  Company,  doing  special  work  in 
the  application  of  electricity  to  coal 
mines,  brick  and  tile  plants  and  other  in- 
dustries. Two  years  later  he  accepted  a 
position  as  power  and  light  salesman 
with  the  Cleveland  Electric  Illuminating 
Company. 


THE  LEE  ELECTRIC  WATER 
HEATER 

The  unity  load  factor  so  keenly 
sought  by  central  stations  is  one  of  the 
primary  talking  points  in  the  distribu- 
tion of  the  Lee  electric  water  heater  re- 
cently placed  upon  the  market.  The  ob- 
jectionable load  feature  and  operating 
cost  of  the  instantaneous 
O  ^  water  heater  has  been 
entirely  overcome  by  the 
advent  of  this  continu- 
ous use  domestic  appli- 
ance. The  most  popular 
sizes  in  use  are  the  sin- 
gle heat  elements  of  500 
and  750  watts,  althougli 
the  line  is  completed 
with  1500  and  2000  watt 
sizes  with  a  three-heat 
control  feature.  I  n  a  s- 
much  as  these  are  insert 
water  heaters  and  are 
100  percent  efficient,  the 
most  desirable  results 
are  obtained.  .All  the  en- 
ergy supplied  to  tlie  unit 
is  dissipated  in  the  water 
in  the  form  of  heat  with- 
out loss.  A  number  of 
tests  made  by  various 
laborator  ies,  among 
them  the  Lewis  Institute 
of  Chicago,  show  that 
water  can  be  had  at 
various  hours  ranging 
in  temperature  from  no 
to  185  degrees :  or  ap- 
proximately 45  gallons 
every  twenty-four  hours 
at  a  temperature  of  115  degrees  (bath 
temperature),  more  than  enough  for  the 
average  household.  The  construction  of 
the  water  heater  is  like  a  pipe  or  rod, 
i;4  inches  in  diameter,  56!  _.  inches  long, 
and  threaded  for  one  inch  at  the  top.  so 
that  it  is  only  necessary  to  insert  this 
unit  through  the  standard  opening  in  the 
top  of  any  ordinary  range  tank.  This 
rod  is  filled  with  an  insulating  non- 
oxidizing  fluid  in  which  is  submerged 
the  open  resistance  coil  or  heating  ele- 
ment, a  construction  similar  to  that  of 
Lee  electric  radiators.  The  Lee  Electric 
Radiator  Company,  PeopLs  Gas  Build- 
ing, Chicago,  111.,  furnish  this  device 
complete  with  a  special  heat-resisting 
cover  for  a  tank. 


NEW  CATALOG  OF  POLE  LINE 
HARDWARE 

Hubbard  &  Co.,  Pittsburgh,  Pa.,  have 
issued  a  complete  catalog  of  their 
standard  pole  line  hardware  and  special- 
ties. This  book,  in  its  completeness  and 
thorough  method  of  treatment,  well  con- 
stitutes an  encyclopedia  of  buying  ma- 
terials. In  listing  the  articles  a  photo- 
graph of  the  article  has  been  furnished, 
together  with  an  adequate  description 
and  table  of  sizes  and  dimensions.  Wher- 
ever needed,  use  has  been  made  of  pho- 
tographs and  detailed  drawings  showing 
the  way  the  materials  are  used  in  actual 
practice.  The  book  contains  616  illus- 
trations and  260  pages,  8^2  by  10  inches, 
and  is  printed  on  a  suede  finish  offset 
paper  which  is  particularly  agreeable  to 
the  eyes.  It  has  a  dark  green,  flexible 
paper  cover  and  can  conveniently  be 
rolled  up  and  carried  in  one's  pocket. 
The  book  is  divided  into  sixteen  sec- 
tions, in  each  of  which  material  is 
grouped  according  to  the  purpose  for 
which  it  is  used,  as  follows : — Pole  work 


material,  guying  material ;  cross-arms, 
pins  and  fittings ;  high-tension  arms  and 
fixtures ;  pole  top  pins  and  fixtures ; 
secondary  distribution  fixtures ;  trans- 
former mounting  material ;  Pierce  ser- 
vice wire  brackets ;  hammer  drills  and 
expansion  bolts ;  street  lamp  suspension 
devices ;  electric  railway  overhead  and 
third-rail  material ;  cable  suspension  ma- 
terial, underground  cable  material,  tele- 
phone and  telegraph  wiring,  line  and 
track  construction  tools  and  Bates  ex- 
panded steel  poles.  A  copy  will  be  sent 
free  on  request. 


LARGE  TURBINE  ORDER 

.\mong  the  number  of  orders  for  tur- 
bines of  large  capacity  received  by  the 
Westinghouse  Electric  &  Mfg.  Com- 
pany is  an  order  from  the  Narragansett 
Electric  &  Light  Company,  of  South 
Providence,  R.  I.,  for  one  45  000  kw 
turbo-generator  unit  complete  with  con- 
densers and  all  auxiliary  apparatus.  The 
Westinghouse  Company  has  also  sold 
one  2500  kw  synchronous  booster  ro- 
tary converter  with  transformers  and 
switchboard  equipment  to  the  same  com- 
pany. 


The  Buffalo  General  Electric  Com- 
pany has  purchased  from  the  Westing- 
house Electric  &  Mfg.  Company,  of  East 
Pittsburgh,  Pa.,  complete  switching 
equipment  to  control  three  20000  kw 
turbo-generator  units  and  auxiliary  ap- 
paratus located  in  their  river  station  at 
Buffalo,  N.  Y. 


The  Electric  Storage  Battery  Com- 
pany, of  Philadelphia,  manufacturer  of 
the  "Exide"  battery,  the  "Chloride  .Accu- 
mulator," "Tudor  Accumulator"  and  the 
"Ironclad-Exide"  battery,  announces  a 
change  in  the  handling  of  its  Pacific 
coast  business,  which  took  effect  Janu- 
ary I.  Due  to  changes  in  the  organiza- 
tion of  Pierson,  Rocding  &  Co.,  who 
have  acted  as  the  Electric  Storage  Bat- 
tery Company's  sales  agents  on  the  coast 
since  1910,  the  battery  company  will 
hereafter  conduct  its  business  on  the 
coast  through  Mr.  George  R.  Murphy, 
with  offices  in  the  Rialto  Building^  118 
New  Montgomery  street,  San  Fran- 
cisco. The  exide  battery  depot  which 
was  opened  in  San  Francisco  a  number 
of  years  ago,  and  where  a  large  amount 
of  stock  is  carried,  will  give  Mr.  Mur- 
phy a  base  of  supplies  that  will  insure 
prompt  shipments  of  batteries  and  parts. 
The  Electric  Storage  Battery  Company's 
business  on  the  coast  has  been  very  sat- 
isfactory in  batteries  for  use  in  electric 
commercial  and  pleasure  vehicles,  mine 
locomotives,  industrial  trucks,  for  auto- 
mobile starting  and  lighting  service  and 
in  other  fields  of  storage  battery  appli- 
cation. 


The  Westinghouse  Lamp  Company 
has  issued  the  fifth  of  a  series  of  book- 
lets for  lamp  salesmen,  the  present  one 
being  entitled  "Selling  Mazda  Lamps 
and  Better  Light."  It  is  made  up  of 
short  selling  talks  to  different  types  of 
customers,  such  as  Mrs.  Jones,  a  home- 
owner using  gas,  to  a  store-owner  using 
gas  arcs,  to  a  manager  using  carbon  arc 
lamps,  to  a  proprietor  using  nietalized 
filament  lamps,  to  an  industrial  plant 
manager  using  carbon  incandescent 
lamps,  etc.  Copies  of  this  booklet  No. 
5  will  be  sent  on  request  to  the  Westing- 
house Lamp  Company,  1261  Broadway, 
New  York  Citv. 
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The  remarkable  increases  in  the  effici- 
ency of  illuminants  recently  achieved 
have  become  widely  known.  In  Chi- 
cago, for  instance,  one  dollar  will  now 
buy  nearly  1 5  ooo  candle-hours  as 
compared  with  about  iioo  candle-hours  with  the  early 
carbon  lamps.  In  other  words,  over  thirteen  times  more 
light  can  now  be  secured  per  dollar  than  was  the  case  in 
the  early  nineties.  This  involves  not  only  increased 
lighting  efficiency,  but  also  a  rate  decrease  which  has 
resulted  from  improved  methods  of  power  generation. 
In  the  latter  field  enormous  strides  are  now  being  made, 
similar  in  their  rapidity  to  those  immediately  following 
the  advent  of  the  tungsten  lamp.  In  the  present  case  it 
is  the  steam  turbine  generator  and  steam  generating 
equipment  that  are  making  phenomenal  progress.  Mr. 
J.  F.  Johnson,  in  this  issue,  states  that  in  1913  one  tur- 
bine of  15  000  and  one  of  20  000  kilowatts  capacity  were 
placed  in  operation.  A  short  time  ago  the  Interborough 
Rapid  Transit  Company  contracted  for  a  60  000  kilowatt 
unit,  a  truly  remarkable  increase  in  three  years. 

Viewed  from  the  economic  standpoint,  the  prime 
object  aimed  at  by  the  power  company  is  the  greatest 
efficiency  from  the  coal  pile  to  the  consumer.  With  the 
steam  turbine  units  and  boilers  already  in  operation, 
great  economies  have  been  effected  in  coal  consumption. 
An  item  which  should  be  of  interest  to  the  conservation- 
ist is  the  statement  made  by  Mr.  Junkersfeld,  in  this 
issue,  that  the  coal  rate  of  the  Commonwealth  Edison 
Company,  of  Chicago,  has  been  reduced  since  1903  to 
such  an  extent  that,  on  the  basis  of  the  rate  for  191 5,  a 
total  of  over  two  and  one-half  million  tons  of  coal 
per  year  is  being  saved  due  to  improvements  in  the  art 
of  power  generation. 

The  tremendous  increase  in  turbine  capacities  and 
total  efficiencies  have  naturally  led  to  the  question  as  to 
where  is  the  limit.  One  very  definite  limit  is  that  of  the 
temperature  at  which  boilers  and  turbines  can  be  oper- 
ated, and  the  present  limit  now  recognized  is  700  de- 
grees F.  At  present  boilers  are  under  construction  to  be 
operated  at  350  lbs.  (gage)  pressure  with  200  degrees 
superheat.  A  pressure  of  200-250  lbs,  with  150  degrees 
superheat  may  be  said  to  represent  standard  practice  in 
recent  high-grade  installations.  One  of  the  large  boiler 
manufacturers  states  that,  if  there  is  sufficient  demand, 
boilers  for  500-600  lbs.  pressure  with  steam  superheated 
to  700  degrees  F.  can  be  supplied.  In  fact,  they  give  the 
impression  that  they  can  take  care  of  their  end  of  the 
problem  if  other  builders  will  do  as  well.  In  this  con- 
nection, one  steam  turbine  builder  advises  that  they  are 
now  prepared  to  build  turbines  for  steam  pressures  up 
to  500  lbs.    An  idea  may  be  had  as  to  the  importance  of 


these  developments  when  it  is  realized  that  with  600  lbs. 
steam  superheated  to  600  degrees  F.  with  a  29  inch 
vacuum  there  is  theoretically  an  increase  in  efficiency  of 
13.4  percent  over  the  efficiency  obtainable  with  the  same 
vacuum  and  temperature  with  steam  at  200  lbs.  Such 
large  increases  in  efficiency,  together  with  improvements 
m  boiler  and  furnace  construction,  and  likewise  in 
methods  of  operation,  mean  that  much  greater  output 
can  be  secured  from  a  given  size  of  equipment. 

Steam  condenser  development  is  also  keeping  pace 
with  turbine  and  boiler  progress,  and  the  theoretical 
limit  is  being  closely  approached.  The  Philadelphia 
Electric  Company,  for  instance,  reports  that  with  a  load 
of  30  000  kilowatts  on  the  turbine  they  have  had  no  diffi- 
culty in  maintaining  a  vacuum  of  29.4  in.  (with  barom- 
eter at  30  inches).  In  another  case  a  jet  condenser  for  a 
45  000  kw  turbine  is  being  used  with  highly  satisfactory 
results.  Until  quite  recently  it  was  not  considered  feasi- 
ble to  use  jet  condensers  in  such  large  capacities. 

All  of  these  developments  relate  to  power  house 
operation.  There  remains  the  problems  of  distribution 
and  disposition  of  power.  In  the  latter  field  especially, 
such  items  as  continuity  of  service,  load  factor,  diversity 
factor,  density  of  load,  etc.,  are  being  given  careful  at- 
tention, all  of  which  have  an  important  influence  on  the 
ultimate  cost  of  power  to  the  consumer.  The  various 
committees  of  the  National  Electric  Light  Association 
are  doing  an  important  work  by  keeping  the  membership 
in  touch  with  important  developments  in  all  branches  of 
power  development  work.  As  committees  they  can  se- 
cure and  analyze  data  both  from  member  companies  and 
from  manufacturing  concerns  in  a  much  more  compre- 
hensive manner  than  is  feasible  for  the  ordinary  central 
station  organization.  A.  H.  McIntire 


Public  ^"    3"    article    in    this    issue    of    the 

Utility  .louRNAL,    Mr.    Junkersfeld    interest- 

D     11  '"?'y    describes   certain    development^ 
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and  fundamental  facts  of  the  central 

station  industry,  which  are  particularly  relevant  in  con- 
nection with  the  presentation  of  its  problems  to  the  pub- 
lic. Through  dissemination  of  intelligence  of  this  kind, 
the  central  stations  as  a  whole  are  benefited,  not  only 
directly  by  acquiring  a  better  appreciation  of  their  own 
problems,  but  also,  and  in  no  small  degree,  as  a  result  of 
the  sympathetic  understanding  developed  on  the  part  of 
their  patrons  and  the  public  in  general.  There  are  three 
matters  standing  out  in  more  or  less  bold  relief  on  which 
users  of  electric  service  should  be  reasonably  well  in- 
formed:—  (a)  The  important  position  of  the  utilities  as 
a  factor  of  our  national  wealth  and  development, 
whereby  community  welfare  is  advanced  ;   (b)   the  ele- 
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ments  distinguishing  the  costs  of  variotis  services  and 
establishing  the  basis  of  classification  ;  (c)  the  endeavors 
made  by  the  utilities  in  the  routine  of  their  business  to 
provide  for  the  accommodation  and  convenience  of  their 
customers,  not  only  as  pertains  to  the  present  conditions, 
but  to  future  situations  as  well. 

The  aggregate  investment  in  public  utilities  is  sur- 
prisingly large  when  compared  with  the  nation's  total 
wealth.  The  measure  of  economy  realized  through  our 
public  utility  enterprises  has  been  correspondingly  large, 
and  consequently  the  country's  resources  are  thus  being 
conserved.  In  the  one  locality  discussed,  enormous  sav- 
ings in  fuel  have  been  effected  and,  in  a  similar  way, 
capital  and  labor  have  been  most  efficiently  employed. 
Results  of  such  magnitude  as  set  forth  by  the  author 
could  not  have  been  obtained  unless  the  compensation 
for  the  different  services  rendered  had  been  fairly  pro- 
portioned to  the  character  of  the  demand  and  the  ex- 
pense each  class  of  service  involved.  The  entire  busi- 
ness manifestly  is  fraught  with  varied  problems  of  an 
engineering,  of  a  commercial  and  of  an  executive  nature. 
In  order  that  the  numerous  potential  possibilities  of  the 
utility  may  materialize,  its  plans  must  contemplate  the 
future  adequately,  and  comprise  a  comprehensive  and 
economic  scheme  of  development ;  the  load  must  be 
increased  and  intensified ;  and  there  must  be  main- 
tained a  policy  encompassing  all  reasonable  standards 
and  refinements  of  the  service  which  the  patron  should 
enjoy. 

An  industrial  institution,  no  matter  how  well  con- 
ceived and  conducted,  is  often  underestimated  in  value 
and  importance  unless  all  the  benefits  issuing  therefrom 
are  properly  appreciated  by  its  patrons.  Where  a  real 
understanding  does  not  exist,  suspicion,  distrust  and  an- 
tagonism are  liable  to  ensue,  such  as  is  true  in  all  social, 
political  and  industrial  realms.  Remove  practically 
every  vestige  of  mystery,  and  usually  confidence  will  be 
won.  Consequently  the  most  effective  weapon  of  de- 
fense of  private  property  devoted  to  public  use  is  in  the 
revealing  of  the  true  function  and  the  very  fabric  of  the 
institution  in  a  way  that  appeals  to  the  intelligence  of  the 
general  public.  The  article  on  "Electric  Service  Prob- 
lems and  Possibilities"  is  an  excellent  example  of  the 
carrying  out  of  these  principles  in  a  vivid  and  substan- 
tial manner.  Edwin  D.  Dreyfus 


The  Hotel  as  The  average  individual  does  not  think 
a  Central  °^  ^  hotel  as  a  manufacturing  enter- 
ed ^.  prise;  and  the  wide  variety  of  its 
Station  ■' 
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power  requirements  and  the  aggregate 
capacity  of  its  power  apparatus  are,  on 
first  impression,  almost  startling.  One  is  not  ordinarily 
liable  to  connect  washing  his  hands  in  a  hotel  with  big 
motor-driven  pumps  in  the  basement ;  nor  the  clinking  of 
ice  in  his  drinking  water  with  a  complete  refrigerating 


plant  located  in  the  same  building ;  nor  the  complete  ab- 
sence from  the  dining-rooms  of  the  odors  produced  by 
cooking,  with  huge  ventilating  fans  just  under  the  roof. 
Yet  these  power  devices  and  many  others  of  a  similar 
nature  are  absolutely  essential  to  providing  the  highest 
type  of  hotel  service. 

A  power  consumption  of  over  3600000  kilowatt- 
hours  per  annum,  with  a  five-minute  maximum  de- 
mand of  1000  kilowatts,  representing  a  load  factor  of 
over  40  percent,  certainly  forms  a  tempting  bait  to  dan- 
gle before  the  eyes  of  a  central  station  commercial  man. 
It  is  a  load  which,  on  account  of  its  magnitude  and 
great  uniformity,  warrants  a  low  net  rate,  and  is  able  to 
earn  such  a  rate  on  the  standard  demand  schedules  or 
sliding  rates  which  are  in  use  by  practically  all  of  the 
larger  central  station  companies.  A  load  of  such  charac- 
teristics will  also  prove  of  no  small  interest  to  the  iso- 
lated plant  salesman,  who  is  equally  interested  and  is 
equally  able  to  quote  advantageous  terms  for  a  uniform 
power  consumption  at  a  high  load  factor.  And,  when  it 
is  accompanied  with  a  requirement  for  over  75  000  000 
pounds  of  high  and  low  pressure  steam  per  year,  as  is 
the  case  with  the  William  Penn  Hotel,  which  was  re- 
cently opened  in  Pittsburgh,  the  central  station  man  is 
apt  to  find  he  has  met  a  foeman  worthy  of  his  steel. 

A  large  modern  hotel,  by  reason  of  the  features  men- 
tioned above,  forms  an  almost  ideal  situation  for  the 
successful  operation  of  a  private  power  plant.  When  an 
institution  of  such  large  and  complex  power  require- 
ments finds  it  advantageous  to  make  use  of  central  sta- 
tion power  throughout,  it  would  seem  that  the  days  of 
the  relatively  small  isolated  plant  within  the  territory 
covered  by  a  large  central  station  are  almost  numbered. 
For  this  reason  the  decision  of  the  William  Penn  Hotel 
(which  is  described  in  this  issue)  to  purchase  all  their 
steam  and  their  electricity  for  both  light  and  power,  is 
especially  significant. 

In  addition  to  the  direct  benefits  accruing  to  the  cen- 
tral station  from  such  a  load,  the  psychologic  effect  on 
the  architects,  engineers  and  owners  of  other  large 
buildings  in  the  city  is  considerable.  Pittsburgh  is  at 
present  passing  through  an  era  of  construction  of  large 
buildings,  several  of  which  are  being  erected  in  the  im- 
mediate vicinity  of  the  William  Penn  Hotel,  all  of  which 
are  expected  to  purchase  their  electricity  from  the  local 
central  station.  Undoubtedly  the  question  of  power 
requirements  for  each  of  these  buildings  will  be  or  has 
been  figured  on  its  individual  merits.  But  the  example 
of  the  W'illiam  Penn  must  have  some  influence,  even  in 
these  instances,  and  with  smaller  installations  should 
prove  of  great  value  to  the  central  station.  The  Du- 
quesne  Light  Company  is  to  be  congratulated  on  having 
demonstrated  to  the  city  of  Pittsburgh  its  ability  to  fur- 
nish satisfactory  service  to  meet  the  most  rigid  require- 
ments. Ch.\s.  R.  Riker 


The  Work  of  the  National  Electric  Light 

Association 


E.  W.  Lloyd 

President, 

National  Electric  Light  Association 


DURING  the  year  the  National  Electric  Light  As- 
sociation has  continued  its  usual  activities  for  the 
general  good  of  the  industry.  The  Association 
has  been  growing  at  a  very  rapid  rate,  as  is  evidenced 
by  the  fact  that  we  have  some  five  hundred  men  work- 
ing on  fifty  committees,  who  will  present  at  the  conven- 
tion, to  be  held  at  the  Congress  and  Auditorium  Hotels, 
Chicago,  the  result  of  their 
deliberations  and  conclu- 
sions. The  large  amount  of 
work  which  has  been  put 
on  the  various  reports  and 
papers,  and  their  great 
value  to  central  station  men, 
are  indications  of  the  high 
class  of  men  we  have  been 
able  to  interest  in  our  work. 

The  Association  has  ex- 
panded its  activities  consid- 
erably. The  affiliation  of 
the  Electric  Vehicle  Asso- 
ciation has  added  quite  a 
number  of  members  to  our 
lists  and  the  Section  is  in  a 
thriving  condition,  as  is  evi- 
denced by  the  fact  that  they 
will  have  four  sessions  at 
the  coming  convention, 
with  over  a  dozen  reports 
and  papers. 

The  Industrial  Electric 
Heating  Association  has  also 
come  into  our  ranks,  and 
they  will  have  several  im- 
portant reports  for  the  con- 
vention which  will  be  pre- 
sented during  the  sessions 
of  the  Commercial  Section. 

The  Association,  in  addition  to  these  two  new  affilia- 
tions, has  divided  itself  into  four  parts,  as  follows : — 
Technical  and  Hydroelectric,  Accounting,  Commercial, 
Manufacturers.  The  first  three  of  these  Sections  are  in 
full  working  order  and  have  chairmen,  vice-chairmen 
and  executive  committees.  The  Manufacturers  Section 
has  been  authorized  and  is  merely  waiting  on  the  work- 
ing out  of  the  details  before  starting  its  activities. 

Our  Geographical  Sections  are  ten  in  all,  including 
our  sister  society,  the  Canadian  Electrical  Association. 
The  Geographical  Sections  committee  this  year  has  pro- 
duced a  report  which  should  be  of  great  interest  to  the 
membership,  for  the  reason  that  it  points  out  the  means 
whereby  the  entire  country  can  be  divided   into   Geo- 
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graphical  Sections,  thereby  strengthening  the  Association 
materially.  It  seems  to  me  that  the  future  will  show  a  de- 
cided tendency  towards  the  development  of  Geographic 
Sections  through  which  all  local  matters  can  be  handled, 
leaving  the  broader  questions  to  the  parent  body. 

The  convention  promises  to  be  very  interesting.  The 
program  is  large,  consisting  of  23  sessions  in  four  days, 
making  it  necessary  at 
times  to  stage  four  parallel 
sessions.  The  reports  of 
particular  interest  to  Class 
"B"  members  will  be  those 
to  be  presented  in  the  Com- 
pany Sections  sessions,  of 
which  there  will  be  two, 
with  seven  or  eight  papers. 
The  present  activities  of 
the  Association  should  be 
of  particular  interest  to 
Class  "B"  members.  Work 
is  going  on  that  will  be  of 
material  benefit  in  their 
education.  The  reports  and 
papers  contain  much  data 
that  the  employe  in  the  cen- 
tral station  business  cannot 
get  elsewhere.  In  addition 
to  these,  courses  are  being 
started  in  the  various  sec- 
tions for  the  education  of 
the  men  in  their  particular 
part  of  the  business. 

One  of  the  things  that 
stands  out  in  the  present 
administration  year  is  the 
growth  of  the  correspond- 
ence salesmanship  course, 
which  now  has  over  1000 
members  enrolled.  It  seems  probable  that  the  next  year 
will  show  other  sections  having  equivalent  developments 
in  the  educational  line,  similar  to  that  of  the  Commer- 
cial Section.  The  activities  of  our  General  Educa- 
tional Committee  have  been  important  in  arousing  the 
interest  of  large  universities  in  our  educational  propa- 
ganda, and  also  in  interesting  the  graduates  of  technical 
universities  in  the  central  station  business.  The  growth 
of  the  business  demands  high-grade  young  men  for  the 
lower  positions,  so  that  the  future  will  provide  men  of 
sufficient  caliber  to  carry  on  the  business  successfully. 

We  expect  to  have  at  the  convention  a  very  compre- 
hensive exhibit  by  our  manufacturing  members.  The 
Auditorium  Theater  has  been  secured  and  the  exhibition 


242 


THE    ELECTRIC   JOURNAL 


promises  to  be  one  of  very  high  caHber.    The  surround- 
ings will  be  ideal. 

During  the  winter  our  Public  Policy  Committee  has 
been  active  in  the  interests  of  its  members,  and  on  Feb- 
ruary i6  and  17  called  a  conference  of  Class  "A"  mem- 
bers in  New  York  to  discuss  matters  of  extreme  impor- 
tance to  the  industry.  Out  of  this  conference  we  expect 
to  enlarge  the  activities  of  the  Association,  to  provide 
help  for  member  companies  along  any  lines  that  may  de- 


velop. The  advent  of  commission  regulation  has  de- 
manded more  of  the  companies  in  the  way  of  informa- 
tion on  valuation  and  regulation,  as  well  as  rate-making, 
and  the  result  of  this  was  a  conference  on  "Valuation," 
April  lo-ii,  in  New  York,  attended  by  Class  "A"  mem- 
bers and  engineers  to  discuss  the  desirability  of  more 
definite  terminology  in  connection  with  valuation.  These 
two  conferences  will  undoubtedly  result  ultimately  in 
great  good  to  the  central  station  business. 


The  New  Electrical  Vehicle  Section 
of  the  N.E.L.A. 


Walter  H.  Johnson, 

Chairman, 

Electric  Vehicle  Section,  N.E.L.A. 


WHEN,  in  the  summer  of  1910,  it  was  decided  by 
some  of  the  leaders  in  the  electric  industry  that 
it  would  be  well  to  form  the  Electric  Vehicle 
Association  of  America,  the  idea  principally  in  mind 
was  co-operation,  that  is.  the  co-operation  of  all  those 
interests  relating  to  the 
manufacture  and  use  of 
electric  storage  battery 
cars  or  vehicles.  The 
scope  was  broad  and  lib- 
eral in  order  to  secure  the 
membership  not  only  of 
manufacturers  of  vehicles 
and  central  stations,  but 
also  manufacturers  of  bat- 
teries, tires,  motors,  con- 
trollers, etc.,  users,  own- 
ers, students  of  transpor- 
tation and  employes  of  the 
larger   and   more   influen- 
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tial  member  companies. 

Under  the  strong  leadership  of  Mr.  William  H. 
Blood,  Jr.,  Mr.  Arthur  Williams,  Mr.  Frank  H.  Smith, 
Mr.  John  F.  Gilchrist  and  others  it  proved  a  success 
from  the  start,  and  much  work  was  done  and  many 
papers  written  which  aided  materially  in  unifying  the 
standards  and  methods  of  the  manufacturers  and  elec- 
tricity supply  companies.  There  was  also  started  a 
movement  to  collect  records  of  the  users  of  trucks 
and  fleets  of  trucks,  so  that  exact  data  might  be  avail- 
able for  the  salesmen  of  both  manufacturers  and  central 
stations. 

During  the  fourth  year  of  its  existence  the  detail 
labor  of  the  executive  office  became  so  onerous  that  it 
was  decided  to  employ  a  paid  secretary  and  establish 
headquarters  in  New  York  City.  Under  the  new  con- 
ditions, the  fame  and  activities  of  the  association  spread 
to  all  parts  of  the  world.  Many  local  branches  or  sec- 
tions were  formed  and  the  annual  conventions  grew 
from  one-day  affairs  to  three  days  of  concentrated  busi- 
ness.   During  all  this  time  co-operation  between  central 


stations  and  vehicle  manufacturers  was  constantly  em- 
phasized and  pushed.  Some  of  the  public  utilities  estab- 
lished garages  and  service  stations  and  some  took  agen- 
cies for  selling  the  cars. 

During  the  sixth  convention,  last  fall,  President  E. 
W.  Lloyd  sounded  an  optimistic  note  anent  consolida- 
tion with  the  National  Electric  Light  Association,  be- 
cause, as  he  put  it,  so  much  of  the  work  and  interest 
was  along  similar  lines  to  the  activities  of  that  body. 
The  suggestion  was  taken  up  with  much  favor,  and  on 
March  10  of  this  year  the  amalgamation  was  accom- 
plished by  bringing  in  the  Vehicle  Association  as  the 
Electric  Vehicle  Section  of  the  National  Electric  Light 
Association. 

Starting  with  a  membership  of  less  than  one  hun- 
dred, the  Electric  Vehicle  Association  had  grown  to 
over  one  thousand.  And  now,  instead  of  having  forty- 
five  central  station  members,  it  will  be  in  totich  with  six 
thousand.  It  is  thought  that  this  will  prove  of  great 
advantage  in  popularizing  the  electric  truck  and  engen- 
dering a  greater  interest  and  closer  acquaintance  on  the 
part  of  a  larger  number  of  central  station  managers  and 
employes  than  was  before  possible. 

The  papers  prepared  for  this  convention  are  intended 
particularly  to  put  before  all  the  members  of  the  Na- 
tional Electric  Light  Association  the  electric  vehicle  in 
its  present  condition  of  improvement  and  to  show  how 
eminently  it  is  fitted  for  transportation  work ;  the  large 
interest  which  all  central  stations  should  have  in  its 
adoption ;  and  how  by  co-operation  on  an  extended 
scale  the  electric  vehicle  will  be  unexcelled  as  a  revenue 
producer.  The  exhibition  committee  has  been  most 
generous  in  apportioning  a  space  for  the  use  of  electric 
vehicle  manufacturers  and  the  manufacturers  of  acces- 
sories. The  hearty  co-operation  of  all  the  officers  of  the 
National  Electric  Light  Association  leads  me  to  confi- 
dently predict  a  most  successful  convention  and  gives 
further  assurance,  if  that  were  needed,  that  the  good 
judgment  of  the  members  in  affiliating  with  the  National 
Electric  Light  Association,  as  a  section,  will  be  fully  con- 
firmed. 
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PERHAPS  it  would  be  more  fitting  if  I  should  ad- 
dress myself  to  the  subject  that  has  been  assigned 
to  me  at  one  of  your  regular  technical  meetings 
rather  than  at  an  annual  festive  occasion  like  this.  The 
topic  on  which  I  am  to  speak,  namely,  the  question  of 
universal  electricity  supply,  relates  to  the  difficulties  or 
problems  with  which  you  as  manufacturers  have  to  deal 
every  day  in  the  week.  It  is  the  question  of  keeping  the 
dollar  invested- — invested  in  one  branch  of  the  manu- 
facturing business — steadily  employed  all  the  time.  It  is 
the  question  of  how  to  produce  and  to  distribute  and  sell 
energy  at  the  lowest  possible  cost  to  the  producer  and  at 
the  lowest  possible  cost  to  the  user.  Therefore,  it  is  a 
dry  subject,  and  one,  as  I  have  said,  hardly  suited  to  a 
festive  occasion. 

Moreover,  I  feel  some  hesitation — hesitation  that  I 
always  give  expression  to  if  I  am  appearing  before  an 
engineering  body — from  another  cause.  I  have  not  had 
the  advantage  of  an  engineer's  training.  My  engineering 
education  has  been  gained  in  the  College  of  Experience, 
and  not,  unfortunately  for  me,  as  I  have  felt  on  many 
occasions,  in  one  of  the  great  technical  institutions 
which,  as  a  whole,  have  done  so  much  to  further  the 
technical  training  of  men,  leading  to  the  technical 
experience  of  such  a  l>ody  as  is  represented  here  this 
evening. 

THE  WORK  OF  WESTINGHOUSE  AND  DE  FERRAXTI 

In  the  early  days  of  the  production  and  distribution 
of  electrical  energy  we  were  obliged  necessarily  to  con- 
tine  our  undertakings  to  relatively  small  areas.  The 
form  of  electrical  energy  which  we  produced  was  of  such 
a  character  that,  owing  to  the  limitations  of  the  trans- 
lating devices  then  available,  it  did  not  lend  itself  to  the 
high  pressures  which  are  absolutely  necessary  for  eco- 
nomical distribution  over  large  areas. 

We  owe  to  a  townsman  of  yours  (a  townsman  by 
adoption),  not  so  much  as  an  inventor  but  as  an  enter- 
priser, the  early  introduction  into  this  country  of  the 
alternating-current  system  of  electrical  production  and 
distribution.  I  refer  to  my  lamented  friend,  Mr.  George 
^^'estinghouse,  who  was  far-sighted  enough  to  see  that, 
with  the  development  of  the  manufacturing  business  of 
the  country,  it  would  be  necessary  to  produce  electrical 
energy  in  such  form  as  would  allow  of  its  being  trans- 
mitted at  relatively  low  cost  over  great  distances. 
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About  the  time  that  Mr.  Westinghouse  introduced 
the  inventions  relating  to  alternating-current  production 
and  distribution,  a  young  Englishman  by  the  name  of 
de  Ferranti  conceived  the  idea  of  massing  electrical  pro- 
duction. He  established  his  generating  station  at  a 
point  on  the  River  Thames  below  the  fixed  bridges  of 
London,  where  he  could,  without  second  handling, 
obtain  coal  from  the  mines  in  the  north  of  England. 
The  fuel  was  shipped  to  London  in  steamships  that  could 
go  right  up  to  the  dock  of  his  generating  station.  The 
first  long-distance  transmission  line  (that  is,  long  for 
those  days),  probably  eight  or  ten  miles  long,  conveyed 
energy  from  the  Deptford  station,  erected  by  Mr.  de 
Ferranti,  to  the  West  End  of  London.  That  was  the 
first  effective  effort  to  attain  long-distance  transmission. 
We  would  think  that  distance  today  of  very  little  sig- 
nificance ;  a  point  eight  or  ten  miles  distant  is  now  prac- 
tically next  door  to  the  generating  station. 

ELECTRICAL  DISTRIBUTION   OVER  LARGE  AREAS 

At  the  time  that  Mr.  de  Ferranti  first  projected  his 
scheme  (1889)  eight  or  ten  miles  was  considered  a  tre- 
mendous distance  to  transmit  energy  in  the  form  of  elec- 
tricity. The  engineer  of  the  Deptford  station  and  trans- 
mission was  probably  ten  or  fifteen  years  ahead  of  his 
time,  or  rather  ahead  of  the  time  when  it  became  possi- 
ble to  bring  such  a  scheme  to  a  financial  success.  Over 
twenty  years  after,  when  Mr.  de  Ferranti  was  president 
of  the  (British)  Institution  of  Electrical  Engineers,  he 
sketched  out  in  his  presidential  address  a  scheme  of  elec- 
trical generation  and  distribution  to  cover  the  greater 
part  of  England,  certainly  that  portion  of  England  in 
which  manufacturing  is  most  dense.  The  plan  outlined 
provided  for  the  generation  of  energy  at  the  mouth  of 
the  coal  mines  and  its  transmission  practically  over  the 
whole  area  extending  from  the  east  coast  of  England  to 
the  coast  of  Wales. 

In  this  country  probably  one  of  the  greatest  ex- 
ponents of  the  same  idea  is  Professor  C.  P.  Steinmetz, 
the  head  of  the  Research  Laboratory  of  the  General 
Electric  Company  at  Schenectady.  In  some  of  his  pub- 
lic addresses  Professor  Steinmetz  has  referred  to  the 
possibilities  of  electrical  distribution  over  large  areas, 
comparing  the  great  transmission  lines  that  must  exist  in 
the  densely  settled  portion  of  the  country  to  the  great 
trunk  lines  of  the  railroads.  He  has  described  the  pos- 
sibilities of  those  great  transmission  lines,  supplying 
them  from  generating  stations,  whether  those  stations 
have  as  their  prime  movers  steam  engines  or  steam  tur- 
bines, or  whether  they  may  possibly  have  the  advantage 
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of  hydroelectric  plants  where  water-powers  can  be  de- 
veloped with  economy. 

REMARKABLE  IMPROVEMENT  IN    PRIME-MOVER 
EFFICIENCY 

The  great  progress  that  has  been  made  in  the  effici- 
ency of  prime  movers  from  the  time  of  the  introduction 
of  the  steam  turbine,  relatively  but  a  few  years  ago,  is  a 
very  important  factor  in  connection  with  this  develop- 
ment. Energy  can  now  be  produced  from  prime  movers 
having  a  capacity  as  great  as  from  40000  to  50000 
horse-power.  It  is  quite  within  the  range  of  possibility 
that  within  a  few  years  we  shall  be  using  very  much 
larger  sizes.  Indeed,  I  fully  expect  within  my  own  day 
to  see  prime  movers  having  a  capacity  of  from  75  000  to 
100  000  horse-power  produced  from  electric  generators 
on  one  shaft. 

The  essentials  necessary  for  distribution  over  wide 
areas  are  prime  movers  of  very  high  efficiency,  such  as  I 
have  spoken  of,  alternating-current  transformers  of  high 
efficiency,  and  transmission  lines  of  very  high  capacity. 
The  improvement  in  the  efficiency  of  prime  movers  in 
the  last  few  years  has  been  upwards  of  35  percent ;  and 
I  am  strongly  of  the  opinion  that  in  the  next  few  years, 
probably  by  the  adoption  of  very  much  higher  steam 
pressures,  we  shall  obtain  still  greater  improvement. 

It  is  not  at  all  beyond  the  range  of  possibility  that 
eventually,  and  indeed,  in  our  own  day,  we  shall  be 
operating  steam  turbines  with  the  aid  of  boilers  running 
as  high  as  1000  pounds  steam  pressure.  There  should 
not  be  any  great  obstacle  to  the  achievement  of  the  effici- 
ency that  would  come  as  a  result.  It  would  seem  to  me 
that  this  is  a  good  deal  nearer  today,  relatively  speaking, 
than  the  steam  turbine  was  not  so  many  years  ago,  when 
we  depended  on  cruder  forms  and  less  efficient  forms  of 
prime  movers. 

ELECTRIC  SERVICE  IN  LONDON  AND  CHICAGO  COMPARED 

To  give  you  some  idea  of  what  can  be  done  by  mass- 
ing production  and  distribution,  I  will  quote  from  some 
figures  that  I  am  fond  of  using,  making  a  comparison 
between  the  output  of  electrical  energy  in  the  city  of 
Chicago  with  2500000  people  and  in  the  county  of 
London  with  about  7  750  000  people. 

The  electricity  supply  business  in  the  county  of  Lon- 
don, owing  to  the  condition  of  the  laws  there,  is  operated 
in  a  manner  exactly  opposite  to  that  which  is  practiced 
in  most  of  the  large  industrial  centers  in  this  country.  I 
think  that  there  are  63  or  64  dififerent  electricity  supply 
undertakings  within  the  area  of  the  county  of  London, 
while  within  the  city  of  Chicago  there  is  one  undertak- 
ing. The  maximum  demand  in  Chicago  on  the  central 
station  system  of  the  city  is  338000  kilowatts.  The 
maximum  demand  in  the  county  of  London  is  225  000 
kilowatts.  The  kilowatt-hours  generated  in  the  city  of 
Chicago  in  191 5  were  1200000000.  The  kilowatt- 
hours  generated  in  the  county  of  London  in  the  same 
year  were  estimated  at  571  000000. 

As  I  have  stated,  the  population  of  Chicago  is  about 
two  millions  and  a  half,  and  that  of  London  is  well  to- 


ward eight  millions.  We  generate  in  Chicago  500  kilo- 
watt-hours per  capita  per  annum,  and  in  London  they 
generate  74  kilowatt-hours  per  capita  per  annum.  The 
-tause  of  this  great  difference  is,  of  course,  the  selling 
price.  We  manage  to  distribute  and  sell  the  energy  that 
we  produce  in  Chicago  for  just  about  the  average  cost 
of  the  energy  generated  in  London  ;  that  is,  the  price  that 
we  obtain,  which  is  comparable  with  the  cost  in  London, 
has  to  give  us  a  return  on  our  investment,  taking  care 
of  the  necessary  interest  and  depreciation,  while  in 
London  they  have  to  earn  the  sum  necessary  for  i)rotit, 
interest  and  depreciation  above  our  selling  price. 

UTILIZING  THE  DIVERSITY  OF  DEMAND 

Within  the  last  few  years  we  have  had  an  investiga- 
tion in  the  city  of  Chicago  which  has  led  to  a  report 
being  made  by  a  commission  of  "Investigation  on  Smoke 
Abatement  and  Electrification  of  Railway  Terminals." 
This  report  sets  forth  among  other  things  some  data 
upon  the  question  of  the  electrification  of  steam  rail- 
roads within  what  the  commission  called  the  "Chicago 
area."  I  do  not  propose  to  refer  to  the  figures  of  that 
report  with  any  idea  of  advocating  the  electrification  of 
steam  railroads.  That  is  a  question  that  the  steam  rail- 
roads themselves  have  to  settle  in  their  own  way  and  at 
their  own  time.  But  the  information  contained  in  that 
report  has  quite  an  important  bearing  on  the  question  of 
the  centralization  of  the  production  of  energy  and  the 
economics  of  the  production  of  energy. 

As  I  have  told  you,  the  maximum  demand  on  our 
central  stations  in  Chicago  is  338000  kilowatts.  If  the 
steam  railroads  within  the  "Chicago  area"  were  electri- 
fied, their  maximum  demand  for  power  would  be 
125000  kilowatts.  All  the  energy  now  produced  by 
owners  of  individual  power  plants  in  this  area  amounts 
to  about  264000  kilowatts.  If  this  amount  is  added  to 
the  two  preceding  figures  to  get  the  total  power  require- 
ments in  the  area  with  the  steam  railroads  electrified,  the 
total  amount  would  be  727  000  kilowatts. 

The  energy  demands  of  these  different  classes  of  re- 
quirements are  so  diversified  that  if  you  analyze  these 
figures  still  further  you  will  find  that  the  coincident  de- 
mand for  all  these  various  purposes  is  only  577  000  kilo- 
watts. Thus,  there  is  a  difference  between  the  maxi- 
mum demand  of  these  requirements,  considered  sep- 
arately, and  the  maximum  coincident  demand  of  all  of 
them  considered  together  with  their  energies  supplied 
from  one  source.  This  difference  in  demand  would  be 
150000  kilowatts. 

TREMENDOUS    SAVING    IN    FUEL    POSSIBLE 

What  does  this  saving  of  energy  by  utilizing  diver- 
sity of  demand  mean  in  relation  to  the  saving  of  fuel? 
If  all  the  energy  required  in  the  "Chicago  area"  for  the 
purposes  stated  was  produced  from  one  source,  the  fuel 
saving  alone  would  amount  to  6000000  tons  of  coal  a 
year,  to  say  nothing  of  the  savings  that  would  be  brought 
about  by  lower  operating  expenses  and  lower  investment 
by  taking  advantage  of  the  great  difference  between  the 


THE    ELECTRIC    JOURNAL 


245 


collective  demand  of  the  industries  considered  separately 
and  their  coincident  demand. 

I  have  carried  these  figures  further,  applying  the 
principle  to  the  whole  country.  I  do  not  mean  for  one 
moment  to  stiggest  that  it  is  possible  to  have  one  great 
system  for  the  production  of  electrical  energy  and  its 
distribution  applicable  to  the  whole  country.  But  taking 
the  figures  given  in  the  United  States  Census  Reports 
and  using  those  figures  in  connection  with  the  figures  of 
the  Smoke  Abatement  Commission  of  Chicago,  one  is 
enabled  to  arrive  at  some  idea  of  the  savings  that  can  be 
effected  if  the  energy  requirements  of  the  country  are 
massed  in  the  districts  in  which  there  is  great  density  of 
population,  great  density  of  manufacturing  and  great 
density  of  transportation. 

I  will  not  burden  you  with  the  details  of  the  figures ; 
but  if  the  energy  required  for  ordinary  present  central 
station  purposes,  electric  railways,  steam  railways  (if 
electrified),  manufacturers,  mines  and  quarries,  ice- 
making,  town  water  pumping,  drainage,  farm  power  and 
electric  vehicles — if,  say,  this  production  and  distribu- 
tion could  be  massed  in  the  densely  populated  districts  of 
Pennsylvania,  or  in  the  densely  populated  districts  of 
Illinois,  or  in  the  densely  populated  districts  of  New 
York  state,  or  in  any  of  the  densely  populated  states  of 
the  Atlantic  seaboard — the  diversity  between  the  aggre- 
gate individual  demand  and  the  coincident  demand 
would  be  so  great  that  it  seems  almost  hopeless  to  at- 
tempt to  calculate  it. 

GRE.-\T   OPPORTUNITIES    NOW    GOING  TO    WASTE 

Take  together  all  those  industries  I  have  named, 
looking  forward  relatively  a  few  years  to,  say,  1925, 
these  businesses  will  require  in  the  individual  aggregate 
about  68  cxx)  000  horse-power.  Massing  them  in  each 
separate  territory,  as  far  as  it  is  possible  to  mass  them 
and  come  within  areas  of  economic  distribution,  and  the 
saving  would  be  upwards  of  20  000  000  horse-power. 
And  if  you  represent  that  saving  in  the  saving  of  fuel 
alone,  this  saving,  based  upon  an  estimated  fair  average 
price  for  coal  the  country  over  of  $2.50  a  ton  in  1925, 
would  amount  annually  to  $823  000  000. 

Let  us  transfer  our  attention  from  the  nation  to  local 
communities.  I  have  in  mind  a  community  not  so  very 
far  from  Pittsburgh,  where  the  business  of  electrical 
generation  and  distribution  in  the  densely  settled  portion 
is  conducted  by  one  interest,  while  in  the  area  outside  of 
the  municipal  limits  this  business  is  conducted  by  an- 
other interest. 

Outside  of  the  city  the  maximum  demand  for  energy 
comes  in  the  morning;  inside  of  the  city  the  maximum 
demand  for  energy  comes  in  the  afternoon.  The  institu- 
tions that  operate  the  electricity  supply  business  outside 
of  the  city  have  idle  plant  during  the  hours  of  the  day 
when  the  institutions  producing  energy  inside  of  the  city 
have  their  maximum  demand,  and  the  city  institution  has 
an  idle  plant  when  the  institutions  producing  the  energy 
outside  of  the  city  have  the  greatest  demand  on  them  for 
power.     Or,  to  use  a  hydroelectric  expression,  the  city 


lets  the  water  run  over  the  dam  in  the  morning  and  the 
country  lets  the  water  run  over  the  dam  in  the  after- 
noon. 

That  sort  of  thing  is  going  on  all  over  the  country. 
It  is  an  economical  absurdity.  It  is  a  waste  of  capital. 
It  is  a  tying-up  of  money  that  is  entirely  unnecessary.  It 
leads  to  greater  operating  cost  and,  consequently,  to 
greater  selling  price  to  the  user. 

WII.\T  CHEAP  ENERGY   MEANS 

If  you  will  take  the  duplication  of  investment  and  the 
excessive  operating  expenses  which  come  from  the  situ- 
ation which  I  have  just  described,  and  add  the  two  to- 
gether, the  total  investment  loss  in  and  around  the  com- 
munity to  which  I  refer,  and  which  has  a  population  not 
any  larger  than  that  of  Pittsburgh  and  the  surrounding 
territory,  is  $6000000. 

This  is  a  subject  in  which  all  you  people  as  manufac- 
turers, and,  indeed,  all  the  manufacturers  of  this  coun- 
try, are  vitally  interested.  In  discussing  it  I  am  open  to 
the  charge  that  I  am  acting  as  my  own  salesman ;  but  I 
am  pleading  for  the  cause  in  which  my  business  life  is 
spent.  After  all,  what  we  are  all  after  is  to  get  the 
greatest  possible  use  out  of  a  given  amount  of  capital. 
If  we,  by  pursuing  one  business  policy  or  another,  can 
increase  or  decrease  the  cost  of  production  of  all  manu- 
facturing businesses  where  the  cost  of  energy  is  an  im- 
]3ortant  element  of  total  cost,  we  are  certainly  discussing 
a  subject  not  merely  of  local  interest  and  not  merely  of 
interest  to  one  individual  in  particular,  but  a  subject 
which  is  of  great  interest  to  all  of  us,  whatever  may  be 
the  line  of  business  that  we  are  following. 

Cheap  energy  means  lower  cost  to  the  manufacturer : 
it  means  lower  cost  to  the  transportation  company,  and 
that  is  again  reflected  in  lower  cost  of  rates  of  trans- 
portation or  else  in  increased  profits  to  the  transporta- 
tion companies. 

THE   BENEFIT  TO  SOCIETY 

The  possibility  of  obtaining  cheap  energy  not  only  in 
centers  of  population,  but  in  country  districts,  has  a 
great  bearing  upon  the  social  life  of  our  people.  The 
possibility  of  the  workman  being  able  to  obtain  employ- 
ment away  from  centers  of  population,  owing  to  the  pro- 
duction of  cheap  energy  in  country  districts,  has  an  im- 
portant bearing  upon  the  physique  of  the  younger  gen- 
eration. I  know  of  no  subject,  except  possibly  the  sub- 
ject of  transportation,  that  has  so  much  to  do  with  the 
well-being  of  the  people  as  a  whole  as  the  production 
and  distribution  of  cheap  energy  to  all  classes  of  our 
population,  and  to  all  communities,  whether  they  be 
large  or  small.  Cheap  energy  can  be  achieved  by  the 
massing  of  production  and  by  the  massing  of  distribu- 
tion by  means  of  high-tension  transmission  lines.  This 
massing  of  production  and  distribution  should  enable  us 
to  carry  energy  into  all  parts  of  the  country  at  such  a 
price  as  would  enable  the  manufacturers,  alike  in  the 
country  community  and  in  the  great  centers  of  popula- 
tion, to  compete  on  an  equal  basis. 
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THE  central  station  is  a  vital  factor  in  industrial 
development.     Manufacturers  have  been  slow  to 
appreciate  this  fact,  but  the  sudden  and  urgent 
demands  for  extra  power,  arising  from  the  present  un- 
usual amount  of  business,  which  has  taxed  plant-pro- 
ducing capacity  and  denied 
time    for   necessary    exten- 
sions,   have    forced    home 
lessons  that  assure  a  splen- 
did  future   for   centralized 
power  service.    The  central 
station  has  met  this  emer- 
gency   in    a   way    that   has 
opened  the  eyes  of  the  in- 
dustrial world  to  the  exist- 
ence   of    an    elastic   power 
that  is  vital  to  future  indus- 
trial growth.     The  central 
station  has  long  craved  th; 
chance  to  teach  this  lesson. 
One  of  the  problems  of  the  central  station  has  been 
to  convince  the   manufacturer   that  centralized   power 
generation  offers  an  elasticity,  a  dependability  and  an 
econoiny    of    operation   not   possible    with    an    isolated 
plant.     The  manufacturer  has  been  slow  to  inspect  his 
power  cost  sheets  with  the  same  close  scrutiny  devoted 
to  those  of  the  finished  products  of  his  plant.     The  re- 
sult is  that  many  industries  are  submitting  to  wasteful 
power  generation  oblivious  to  the  fact  that  a  new  factor 
has  been  developed  to  save  them  both  money  and  an- 
noyance.     One   of   the    few   blessings   yielded   by    the 
European  war  is  the  awakening  that  has  come  to  the 
manufacturing  world,  overwhelmed  with  profitable  and 
urgent  contracts.    Almost  every  manufacturer  has  been 
suddenly  compelled  to  buy  surplus  power,  and  the  cen- 
tral station  has  been  the  only  source  of  adequate  relief. 
The  central  station  has  long  laid  its  plans  to  meet 
just   such   a   situation.     \\'onderful   strides   have  been 
made  in  the  development  of  large  and  efficient  gener- 
ating units  and  of  economical  means  of  transmission  and 
distribution.     Turbine-driven  generators  have  been  de- 
veloped, having  many  times  the  capacity  necessary  for 
the  operation  of  the  largest  single  manufacturing  plant. 
Boilers  for  producing  high-pressure  steam  and  super- 
heating it  have  increased  enormously  in  size  and  effici- 
ency, and  economical  stokers  and  auxiliary  boiler  house 
equipment  have  kept  pace  with  the  increasing  size  of  the 
boilers. 


This  parallel  advancement  in  engine  room  and  boiler 
house  has  made  possible  efficiencies  not  dreamed  of  for- 
merly and  not  available  in  the  smaller  plants  still  in 
operation.  Labor  costs  per  unit  of  energy-  produced 
have  gone  down  in  unison  with  the  lowering  costs 
brought  about  by  the  increasing  size  of  the  units  in- 
stalled. Few  manufacturers  would  view  this  rapid  de- 
velopment with  other  than  alarm,  as  few  would  care  to 
hazard  an  investment  which  would  so  quickly  become 
obsolete.  Without  this  progressive  investment,  how- 
ever, the  highest  efficiency  in  power  generation  is  not 
possible. 

The  central  station,  by  courageously  installing  the 
largest  and  most  modern  units,  has  obtained  a  high 
standard  of  efficiency  in  power  generation.  No  manu- 
facturer can  afford  to  adopt  this  expensive  policy.  As  a 
matter  of  fact,  the  manufacturer  cannot  successfully 
compete  with  the  central  station,  because  the  investments 
of  each  are  not  in  proportion.  Spare  units  are  neces- 
sary to  insure  reliability  of  service,  but  the  percentage  of 
these  in  the  large  central  station  is  much  smaller  than 
in  isolated  plants,  for  the  reason  that  the  central  station 
measures  its  spare  capacity  by  the  diversity  of  the  needs 
of  its  customers. 

The  manufacturer  has  no  such  relief.  He  must  make 
provision  for  his  own  maximum  power  demands  and  his 
idle  capacity  is,  therefore,  in  greater  proportion  than 
that  of  the  central  station.  The  maximum  demands  of 
different  manufacturing  plants  vary  as  to  time,  with  the 
result  that  the  central  station  can  easily  serve  all  with 
much  less  capacity  than  would  be  required  if  each 
manufacturer  obtained  his  power  from  his  own  station. 
It  follows,  then,  that  in  any  industrial  community 
the  consolidation  of  power-producing  machinery  in  one 
plant  not  only  decreases  the  amount  of  apparatus  re- 
quired, but  keeps  that  which  is  installed  in  productive 
use  a  larger  percentage  of  the  time.  This  not  only  di- 
minishes the  amount  of  capital  needed  in  that  commu- 
nity for  the  production  of  power,  but  actually  increases 
the  use  that  is  made  of  the  lesser  investment.  Consoli- 
dation makes  possible  the  installation  of  the  largest  and 
most  efficient  generating  units  and  results  in  a  corre- 
sponding reduction  in  operating  costs. 

Rapid  advances  in  the  art  of  transmission  make  it 
practical  to  send  large  quantities  of  electrical  energy  at 
high  voltage  long  distances  with  very  small  line  losses. 
In  this  way  large  quantities  of  power  can  be  delivered 
at  a  lower  cost  than  is  possible  where  small  quantities 
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sent  to  many  ditterent  points  add  enormously  to  the  ex- 
pense of  distribution  and  multiply  the  losses  in  transit. 
This  ability  to  wholesale  energy  at  distant  points  widens 
the  area  available  for  manufacturing  purposes  and  re- 
duces the  investment  of  the  manufacturer.  Since  in- 
dustries are  no  longer  forced  to  generate  their  own 
power,  they  are  able  to  move  away  from  congested  and 
costly  locations  near  large  streams  to  more  suitable, 
larger,  cheaper  and  cleaner  sites  where  better  living  con- 
ditions will  improve  the  standard  of  the  operatives  em- 
ployed. 

The  investment  saved  to  manufacturers  by  eliminat- 
ing separate  power  plants  is  often  vital.  Such  plants 
involve  an  outlay  of  from  10  to  50  percent  of  the  entire 
capital  required  and,  as  many  new  manufactvnnng  enter- 
prises are  hazardous,  the  saving  of  this  proportion  of 
the  proposed  investment  often  means  the  difference 
between  failure  and  success. 

An  efificient  central  station  means  more  for  the  indus- 
trial development  of  the  community  than  any  other  sin- 
gle agency.  It  offers  the  manufacturer  cheaper  power 
than  he  can  make  for  himself ;  it  eliminates  that  propor- 
tion of  his  investment  which  he  has  set  aside  for  power 
generation ;  it  offers  a  reliable  service,  available  at  any 
time  and  possible  of  expansion  at  a  moment's  notice,  and 


it  presents  a  prompt  and  permanent  solution  of  the 
smoke  problem  existing  in  every  industrial  community. 
The  elasticity  of  central  station  service  enables  the 
speedy  enlargement  of  manufacturing  capacity  without 
the  delay  and  expense  incident  to  isolated  plant  exten- 
sion. It  is  bound  to  encourage  the  location  of  small  in- 
dustries in  widely  varying  localities  suitable  to  their  par- 
ticular needs,  by  placing  at  their  disposal  large  or  small 
amounts  of  power  at  very  low  cost.  This  is  certain  to 
give  a  wonderful  impetus  to  industrial  development 
when  the  manufacturer  learns  to  appreciate  the  oppor- 
tunity open  to  him. 

There  is  no  other  agency  in  any  community  that  can 
be  made  to  contribute  in  a  greater  degree  to  the  pros- 
perity and  rapid  development  of  that  community  than 
the  central  station.  The  interests  of  the  community  and 
the  central  station  are  closely  interwoven  and  interde- 
pendent. The  central  station  cannot  prosper  unless  its 
community  prospers.  The  community  cannot  attain  its 
maximum  development  and  the  greatest  degree  of  pros- 
perity unless  its  central  station  is  sufficiently  prosperous 
to  attract  capital  in  adequate  amount  to  enable  it  to  an- 
ticipate the  future  needs  of  the  community  and  to  ven- 
ture the  investment  that  will  permit  it  to  meet  fully  its 
(lutv  and  responsibility  to  that  communiy. 


Some  Practical  Considerations  in  Artificial 
Ventilation  of  Electrical  Machinery* 
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IN  THE  artificial  cooling  of  power  house  and  sub- 
station apparatus,  especially  that  of  large  capacity,  a 
number  of  conditions  have  developed  from  time  to 
time  which  have  given  trouble  or  which  have  provoked 
more  or  less  discussion.  A  number  of  these  points  are 
here  presented  briefly. 

QUANTITY  OF  AIR  REQUIRED 

There  is  a  very  definite  physical  relation  between  the 
heat  which  must  be  dissipated  from  a  machine,  the  re- 
sultant temperature  rise,  and  the  quantity  of  air  which 
is  passed  through  the  machine  to  carry  away  the  heat. 
The  law  is  that  one  kilowatt  of  loss  dissipated  into  the 
air  will  raise  100  cu.  ft.  of  air  18  degrees  C.  in  one  min- 
ute. Therefore,  if  there  is  a  definite  loss  to  be  dissi- 
pated by  the  ventilating  air  and  a  desired  limit  to  the 
permissible  rise  in  the  temperature  of  the  air  leaving 
the  machine,  then  there  must  be  a  definite  volume  of  air 
per  minute  through  the  machine.  The  problem  then 
resolves  itself  into  getting  this  air  through  the  machine 
or  apparatus.  An  allied  problem  lies  in  the  means  for 
getting  the  heat  from  the  copper  or  iron  to  the  air,  but 


^Revised  by  the  author  from  a  discussion  before  The  .Asso- 
ciation of  Edison  Illuminating  Companies,  September,  1915. 


this  is  part  of  the  designer's  work  and  does  not  enter 
here. 

PRESSURE  REQUIRED  TO  OBTAIN  DESIRED  QUANTITY  OF  AIR 

The  pressure  required  for  a  given  quantity  of  air  is 
dependent  upon  the  size  of  air  passages  or  apertures, 
upon  the  shapes  of  the  ducts,  i.  e.,  numlier  of  bends,  ab- 
ruptness of  bends,  length  of  ducts,  etc.,  and  upon  the 
velocity  of  the  air.  Too  small  passages  means  high  ve- 
locity of  the  air,  with  consequent  high  pressure  required. 
However,  with  many  classes  of  artificially-cooled  ap- 
paratus, the  space  available  for  air  passages  is  compara- 
tively small  at  some  places,  so  that  the  air  velocities  are 
very  high.  This  means  ventilation  losses,  but  in  many 
cases  these  are  unavoidable  without  radical  changes  m 
design  which,  in  themselves,  would  mean  increased 
losses  of  other  sorts  equal  to,  or  greater  than,  the  pos- 
sible reduction  in  ventilation  loss. 

Usually,  the  greater  part  of  the  pressure  developed 
by  the  ventilating  fans  is  used  up  in  the  ducts  or  pass- 
ages through  the  machine  itself.  However,  not  infre- 
quently, part  of  the  pressure  is  taken  up  by  restrictions 
of  some  sort  in  the  inlet  or  outlet  conduits.  If  the  ma- 
chine is  self-cooling  in  the  sense  that  the  rotor  carries 
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its  own  fans,  then  such  restrictions  in  the  conduits  may 
very  seriously  affect  the  quantity  of  air  which  passes 
through  the  machine.  It  is,  of  course,  possible  to  make 
the  ventilating  fans  of  greater  capacity,  just  to  take  care 
of  such  contingencies,  but  this  would  be  penalizing  good 
engineering  to  take  care  of  bad,  for  the  losses  due  to 
windage  would  then  be  unduly  large  where  proper  con- 
duits are  furnished.  Cases  have  been  noted  where  as 
much  as  30  to  40  percent  of  the  available  pressure  has 
been  taken  up  by  improperly  designed  inlet  pipes. 

Where  the  ventilating  fans  are  driven  independently 
of  the  main  rotor,  that  is,  by  motors,  it  is  practicable  to 
vary  the  air  pressure  to  suit  the  requirements,  provided 
the  driving  motor  can  have  its  speed  adjusted  over  a 
suitable  range.  This  makes  the  ventilation  more  or  less 
independent  of  restrictions.  It  has  the  further  advan- 
tage of  allowing  the  quantity  of  air  to  be  varied  to  suit 
the  load  conditions.  By  this  means  an  increased  quan- 
tity of  air,  but  with  correspondingly  increased  windage 
loss,  is  available  with  heavy  loads,  while  less  air  with 
lower  losses  may  be  used  at  lighter  load.  This  arrange- 
ment is  somewhat  more  efficient  than  the  self-cooled 
arrangement  with  the  fans  on  the  main  motor  shaft, 
principally  because  of  the  excessively  high  fan  speeds 
common  in  the  latter  case,  especially  on  turbogenerators 
in  which  fan  speeds  far  above  efficient  operation  are 
used.  In  fact,  in  high-speed  turbogenerators  fan  effici- 
encies of  20  to  30  percent  are  not  unusual.  Much  better 
efficiencies  can  be  obtained  from  separate  slower  speed 
fans  (50  to  60  percent).  However,  the  reduction  in 
windage  losses  is  not  proportional  to  the  increased  effici- 
ency of  the  fans,  for  part  of  the  windage  loss  is  due  to 
"churning"  of  the  air  passing  over  the  rotor,  and  this 
will  be  present  regardless  of  the  method  of  supplying 
air  to  the  machine  and  is,  to  a  certain  extent,  a  function 
of  the  quantity  of  air  which  passes  through  the  air-gap. 
This  part  of  the  windage  loss  is.  therefore,  greater  in 
those  machines  where  all  the  cooling  air  passes  through 
the  air-gap  than  is  the  case  with  those  types  where  a 
considerable  part  of  the  air  passes  directly  through  the 
armature  core,  as  in  axially  ventilated  stators.  In  either 
type  of  ventilation,  variation  in  the  quantity  of  air  with 
load  is  advantageous. 

DISPOSAL  OF   HOT  AIR 

This  was  a  matter  of  little  importance  in  the  days  of 
small  capacity  per  unit-area  of  generating  room.  How- 
ever, in  these  latter  days,  where  capacities  of  from  three 
to  ten  times  those  of  former  days  are  developed  in  the 
same  space,  the  question  of  disposal  of  hot  air  from  the 
machines  is  becoming  important.  Large  turbogenerators 
may  require  from  50000  to  looooo  cu.  ft.  of  air  per 
minute.  Five  or  six  such  machines  in  one  generator 
room,  operating  at  full  load,  means  250  000  to  500  000 
cu.  ft.  of  air  per  minute  pouring  into  the  room,  this  air 
being  from  20  to  25  degrees  C.  above  the  normal  air 
temperature.  Obviously  some  provision  should  be  made 
for  getting  this  hot  air  out  of  the  room.  In  the  average 
generator  room,  the  total  cubical  capacity  of  the  room 


will  be  only  five  to  ten  times  the  total  volume  of  air 
passing  through  the  machines  per  minute.  This  gives  a 
good  quantitative  idea  of  the  extent  of  ventilation  re- 
quired in  order  to  prevent  undue  temperature  rises  of 
the  room  air.  In  some  of  the  more  modern  stations 
provision  has  been  made  for  exhausting  the  hot  air  from 
the  machines  into  the  boiler  room. 

DIRT  IN  THE  AIR 

The  enormous  quantity  of  air  required  for  venti- 
lating large  turbogenerators  brings  up  the  question  of 
amount  of  dirt  carried  into  the  machines  by  such  air. 
Assume,  for  instance,  60  000  cu.  ft.  of  air  per  minute 
through  a  given  machine.  This  weighs  approximately 
4800  pounds.  The  usual  turbogenerator  will,  therefore, 
pass  through  itself,  each  thirty  to  forty  minutes,  a 
weight  of  air  equal  to  its  own  total  weight.  Or,  present- 
ing the  matter  in  another  way,  45  000  000  cu.  ft.  of  air 
passes  through  in  twelve  hours.  Assuming  as  a  rough 
approximation,  that  only  one  hundred-millionth  of  the 
volume  of  air  consists  of  dust  or  foreign  particles,  then 
the  above  means  that  0.45  cu.  ft.  of  dust  passes  through 
the  machine  in  twelve  hours,  or  45  cu.  ft.  in  100  days  of 
twelve  hours  each.  If  the  air  inlet  is  in  a  dusty  place, 
the  above  is  not  at  all  an  impossibility.  Of  course,  a 
considerable  part  of  this  dust  will  go  directly  through 
the  machine,  but  in  the  air  swirls  and  eddies  inside  the 
machine  some  of  it  will  be  deposited,  and  eventually 
this  becomes  a  considerable  handicap  to  the  ventilation. 
This  dust  acts  harmfully  in  two  ways.  In  the  first  place, 
it  may  partially  close  the  ventilating  passages  and  thus 
decrease  the  quantity  of  ventilating  air.  In  the  second 
place,  it  may  form  a  coating  upon  the  heat-radiating  sur- 
faces so  that  the  cooling  air  cannot  come  directly  in 
contact  with  such  surfaces.  Ordinarily,  in  dissipating 
heat  from  a  surface  to  the  air  a  thin  film  of  hot  air  ad- 
heres to  the  surface,  and  the  heat  is  conveyed  from  the 
surface  through  this  film  to  the  moving  air.  With  high 
velocity  air  striking  the  surface  this  film  of  hot  air  is 
scoured  away  from  the  surface,  so  that  new  air  continu- 
ally comes  in  contact  with  the  surface.  If,  however,  a 
coating  of  dust,  or  of  other  heat-insulating  particles, 
gathers  on  the  surface,  then  the  ventilating  air  cannot 
come  in  direct  contact  with  the  surface  and  the  heat- 
dissipation  is  at  a  lower  rate.  Dirt  is  particularly  liable 
to  adhere  to  the  surfaces  in  case  minute  particles  of  oil 
are  carried  into  the  machine. 

AIR    WASHERS 

Air  washers  are  now  being  installed  very  generally 
in  large  generating  plants  to  clean  the  air  which  passes 
through  the  machines.  These  washers  have  beneficial 
results  in  two  ways.  In  the  first  place,  they  clean  the 
air,  thus  preventing,  to  a  great  extent,  the  deposit  of 
dirt  in  the  machine.  In  the  second  place,  they  cool  the 
air  in  hot  weather,  thus  directly  improving  the  capacity 
of  the  machine  by  allowing  a  greater  temperature  in- 
crease without  exceeding  a  specified  limit  of  tempera- 
ture. A  number  of  attempts  have  been  made  to  cool 
turbogenerators  by  means  of  water  in  suspension  in  the 
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ingoing  air,  that  is,  by  "fog."    Such  methods  as  yet  have 
shown  no  particular  promise. 

Instances  have  occurred  where  fine,  dry  snow  has 
been  drawn  into  artificially-cooled  apparatus  and  there 
melted,  with  the  formation  of  water  on  the  windings. 
This  can  only  happen  in  cold  weather  and  could  be 
avoided  in  several  ways.  An  opening  from  the  inside  of 
the  building  could  be  provided  in  the  air  intake  so  that 
the  ventilating  air  is  not  taken  from  the  outside.  An- 
other method  would  be  to  use  the  air  washer  at  such 
times,  by  which  means  the  snow  would  be  abstracted. 
It  is  usually  not  considered  advantageous  to  operate  the 
washers  during  extremely  cold  weather,  but  in  case  of 
incoming  snow  there  may  be  considerable  advantage  in 
operating  the  washers. 

ZERO  AIR,  AND  WATER  DEPOSIT 

A  number  of  instances  have  been  noted  where,  with 
the  incoming  air  at  an  extremely  low  temperature  (near 
zero  F.),  the  end  windings  of  turbogenerators  were 
found  covered  with  a  film  of  water.  In  one  case  this 
proved  disastrous.  Apparently  this  was  not  condensa- 
tion of  water  from  the  air,  in  the  ordinary  sense,  for  the 
armature  windings  were  much  hotter  than  the  incoming 
air.  One  explanation  is  that  this  is  due  to  "frozen  fog," 
or  ice  particles  in  suspension,  which  melt  when  they 
come  in  contact  with  the  heated  parts  of  the  machine. 
One  remedy  for  this  trouble  is  in  the  use  of  doors  from 
the  interior  of  the  building  to  the  inlet  pipe,  which  can 
be  opened  in  extremely  cold  weather  to  admit  warmer 
air. 

FIRE   HAZARDS   IN   ARTIFICIALLY-COOLED   MACHINERY 

\\'hen  a  fire  is  started  in  such  apparatus  the  arti- 
ficial ventilation  tends  to  spread  the  fire  very  quickly, 
especially  in  turbogenerators.  Various  remedies  have 
been  proposed,  such  as  firedoors  or  dampers  in  the  inlet 
conduits,  the  use  of  "fireproof"  end  windings,  chemical 
extinguishers,  etc.  Firedoors  have  proven  only  par- 
tially eftective,  possibly  due  to  the  fact  that  it  is  difficult 
to  shut  off  the  air  completely.  For  instance,  in  a  ma- 
chine taking  50  000  cu.  ft.  of  air  per  minute,  if  99  per- 
cent of  the  air  is  shut  off,  the  remaining  500  cu.  ft.  which 
can  pass  through  the  machine  may  be  sufficient  to  main- 
tain quite  a  destructive  blaze.  Furthermore,  there  are 
liable  to  be  small  leaks  around  the  end  housings  of  the 
machine  which  will  admit  a  little  air. 

It  has  also  been  suggested  that  equally  good  results 
would  be  obtained  by  enclosing  the  outlets  from  the  ma- 
chine in  case  of  fire,  thus  retaining  the  products  of  com- 
bustion inside  the  machine,  these  forming  a  fairly  good 
fire  extinguisher  in  themselves. 

As  regards  chemical  extinguishers,  these  are  practi- 
cally useless  unless  the  incoming  air  can  be  almost  com- 
pletely shut  oft'.  With  50  000  cu.  ft.  of  air,  for  instance, 
passing  through  a  machine,  the  small  amount  of  gas 


which  the  extinguisher  could  furnish  would  be  so  diluted 
as  to  be  worthless.  One  point  to  keep  in  mind  in  apply- 
ing extinguishing  gases  is  that  they  must  be  applied  at 
the  incoming  side  of  the  fan. 

In  some  cases  of  fire  the  operators  have  turned  on 
water  from  high-pressure  mains,  on  the  theory  that, 
while  water  may  ruin  the  insulation,  yet  fire  may  result 
in  still  greater  damage. 

Various  attempts  have  been  made  to  produce  "fire- 
proof" insulations  for  the  end  windings  of  turbogener- 
ators. The  difficulty  lies  in  the  fact  that  available  fire- 
proof materials,  such  as  mica  and  asbestos,  cannot  be 
used  alone.  Mica  requires  some  supporting  or  binding 
material,  while  asbestos  requires  some  filling  varnish  in 
order  to  obtain  suitable  insulating  quality.  It  is  these 
binding  or  filling  materials  that  are  the  real  source  of 
trouble,  for  these  give  off  gases  if  the  temperature  is 
sufficiently  high,  and  these  tend  to  maintain  or  increase 
the  blaze.    Thus  the  outlook  is  not  very  promising. 

When  the  initial  blaze  is  produced  by  a  short-circuit 
or  arc  inside  the  machine,  a  sudden  interruption  of  the 
excitation,  by  killing  the  voltage,  may  extinguish  the 
arc  before  a  general  conflagration  is  established.  If  the 
excitation  is  from  a  motor  generator  across  the  ter- 
minals of  the  machine,  then  a  short-circuit  in  the  ma- 
chine may  automatically  shut  down  the  exciter  set.  In 
the  same  way,  if  the  ventilating  fan  is  driven  by  a  motor 
across  the  terminals  of  the  machine,  the  ventilation  may 
decrease  automatically. 

The  above  covers  various  suggested  methods  for 
preventing  damage  by  fire  inside  such  apparatus.  All  of 
them  are  admittedly  defective,  but  each  of  them  pos- 
sesses some  merit.  A  simple  satisfactory  method  of  fire 
protection  for  such  apparatus  is  much  to  be  desired. 

NOISE 

Recent  high-speed  turbogenerator  rotors  are  all  of 
the  cylindrical  type,  with  relatively  smooth  exterior  sur- 
faces. Nevertheless,  due  to  their  enormously  high  peri- 
pheral speeds  and  the  great  quantity  of  air  through  the 
air  gaps,  there  is  always  very  considerable  noise  devel- 
oped inside  the  machines  themselves.  As  such  ma- 
chines are  always  very  completely  enclosed,  except 
throvigh  their  outlet  and  inlet  pipes  or  openings,  these 
latter  are  usually  responsible  for  any  complaints  regard- 
ing noise.  Several  cases  have  developed  where  the  inlet 
conduits,  opening  directly  to  the  outside  of  the  building, 
have  permitted  undue  noise.  In  other  cases,  sheet  metal 
conduits  have  acted  as  sounding  tubes  and  apparently 
have  exaggerated  the  noise.  Changing  to  plaster-filled 
expanded  metal  conduits  has  helped  in  some  cases.  In 
other  cases,  carrying  the  conduits  up  to  the  roof  of  the 
building  has  proved  effective.  A  secondary  result  of 
this  arrangement  is  that  cleaner  air  is  obtained,  unless 
the  inlet  is  exposed  to  an  undue  amount  of  dirt  from 
the  chimnevs. 


Electric  Service  Problems  and  Possibilities^ 


Peter  Junkersfeld 
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EVERY  branch  of  human  endeavor  toward  ad- 
vancement has  its  problems  and  its  possibilities. 
Some  of  these  affect  or  interest  comparatively 
few  people;  others  affect  the  comfort  and  convenience 
of  very  large  numbers  of  people.  The  latter  is  espe- 
cially true  of  public  utilities.  The  rendering  of  electric 
service  to  large  numbers  of  people  is  the  newest  utility 
and,  for  that  reason,  as  well  as  because  of  its  rather  com- 
plicated nature,  it  is  not  so  well  understood  as  most  of 
the  other  utilities. 

INCREASE    IN    DEMAND    FOR    SERVICE 

According  to  the  census  of  1912,  the  capital  invested 
in  the  United  States  in  the  business  of  supplying  electric 
service  was  upwards  of  two  billion  dollars.  Today  it  is 
about  three  billion  dollars. 

While  the  principles  underlying  electric  service  are 
similar,  there  are  often  local  conditions  that  make  the 
solution  of  some  of  the  problems  in  one  locality  different 
from  another  equally  good  solution  for  another  locality. 
In  order,  therefore,  to  illustrate  with  more  definiteness 
and  clearness  the  problems  and  possibilities  in  the  ren- 
dering of  electric  service,  references  will  be  made  here 
to  developments  in  Chicago,  with  which  the  writer  is 
most  familiar. 

The  increase  in  maximum  output  each  year  from 
1888  to  1916  is  shown  graphically  in  Fig.  i ;  also  an  esti- 
mate until  1930.  The  maximum  output  in  one  hour  in 
November,  1915,  averaged  337900  kilowatts.  Accord- 
ing to  estimates,  the  maximum  hourly  output  in  1930 
will  exceed  i  000  000  kilowatts.  • 

RELATIVE   DENSITY   OF    DEMAND 

One  of  the  important  factors  that  affect  the  cost  of 
rendering  electric  service  is  the  density,  that  is,  the 
quantity  of  electricity  used  in  a  given  area. 

The  maximum  density  of  Chicago  is  in  the  loop  dis- 
trict, where  the  average  is  80  000  kw  per  square  mile. 
The  minimum  density  is  in  the  western  part  of  the 
southern  zone  and  is  only  68  kw  per  square  mile. 

GENERATING    STATIONS 

The  Northwest  Station  is  located  reasonably  central 
for  the  entire  northern  zone,  although  at  the  present 
time  it  is  located  some  two  miles  west  of  the  "center  of 
gravity"  of  the  present  load  in  that  zone.  The  future 
growth  must  inevitably  be  toward  this  generating  sta- 
tion, which  will  make  its  ultimate  location  much  more 
central  than  at  present.  The  present  installation  in  the 
Northwest  Station  consists  of  two  20000  kw  and  one 
30  000  kw  steam  turbine-driven  generating  units.     An 

'Condensed  from  a  paper  appearing  in  the  February.  1916, 
issue  of  the  Transactions  of  the  Engineers'  Society  of  Western 
Pennsylvania. 


additional  30000  kw  unit  is  in  process  of  installation, 
and  two  35  000  kw  units  have  recently  been  ordered  for 
installation  in  1917.  When  these  are  in  service  the  ca- 
pacity of  this  station  will  be  170000  kilowatts. 

The  Fisk  and  Quarry  Street  Stations  are  likewise 
located  reasonably  central  to  the  zone  they  are  designed 
to  supply,  and  also  at  this  writing  within  one  mile  of  the 
center  of  gravity  of  the  electric  load  in  the  entire  city. 
In  1902  this  location  was  nearly  three  miles  from  the 
center  of  gravity.  The  selection  of  this  location  has, 
therefore,  proven  fortunate.  The  Fisk  Street  Station 
at  present  has  ten  steam  turbine  generating  units  of 
12000  kw  each,  one  of  25000  kw,  and  one  of  20000 
kw,  or  an  aggregate  capacity  of  165  000  kw.  The  steam 
consumption  of  the  latest  two  units  is  about  11. 5  lbs.  per 
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FIG.    I — KI.ECTRIC    SERVICK    IN    CHICAGO 

Past  and  possible  future  use  1888-1930.  The  estimates  of 
increase  in  area  and  in  population  are  approximately  those  used 
l)y  Mr.  B.  J.  Arnold  in  estimating  transportation,  and  by  the 
Chicago  Telephone  Company  in  estimating  telephone  require- 
ment.s  for  1930. 

kw-hr.  In  addition,  the  latest  double  boilers  are 
equipped  with  economizers  and  have  many  other  im- 
provements. The  use  of  higher  steam  temperatures  will 
make  possible  still  better  economies  in  future,  but  will 
also  necessitate  the  solution  of  many  additional  problems 
to  insure  reliability  of  service  and  low  maintenance 
costs. 

The  Quarry  Street  Station  has  six  14  000  kw  steam 
turbine  generating  units  of  similar  design  to  the  ten 
12000  kw  units  in  the  Fisk  Street  Station  just  across 
the  river.  In  the  building  of  such  a  generating  and 
transmission  system  it  is  advisable  to  avoid  concentra- 
tion of  too  large  a  proportion  of  the  total  generating 
equipment  in  any  one  station  or  section  of  a  station.  It 
is  also  necessary  to  secure  the  greatest  ultimate  rather 
than  immediate  economy  of  investment.    The  equipment 
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is  today  not  yet  complete,  as  there  is  room  for  two  more 
large  units. 

Properly  controlled  imagination,  that  valuable  asset 
so  frequently  undeveloped  or  lacking  even  among  engi- 
neers, has  rarely  been  found  consistently  adequate  in 
the  proper  development  of  electric  service  for  every  pur- 
pose in  a  growing  community.  Such  proper  develop- 
ment also  requires  continuity  of  policy,  loyally  sup- 
ported by  a  skilled  and  well-balanced  organization.  This 
is  possible  only  by  aflfording  a  reasonable  tenure  of  au- 
thority and  employment.  It  is  practically  impossible 
with  such  uncertain  tenure  as  would  result,  for  instance, 
from  the  success  of  this  or  that  faction  or  political 
party. 

ELECTRICAL   ENERGY  AND  ELECTRIC   SERVICE 

There  is  a  very  wide  difference  between  the  mere 
supplying  of  electrical  energy  and  the  rendering  of  com- 
plete electric  service,  and  hence  also  in  the  price.  The 
supplying  of  electrical  energy  in  bulk  at  a  high  voltage 
to  railway  companies  or  to  large  industrial  establish- 
ments is  comparatively  a  simple  matter.     It  means  the 
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nc.   2 — CIRVE   SHOWING  CO.^L   CONSUMPTION   AND   INCREASED 
EFFICIENCY   IN   USE  OF  COAL 

delivery  of  a  raw  product,  or  at  best  a  partially  finished 
product  not  yet  in  usable  form.  The  only  investment 
charges  or  maintenance  expenses  required  are  those  for 
the  generating  station  and  high-tension  transmission 
lines.  The  only  operating  expenses  are  those  for  the 
generating  station,  of  which  the  cost  of  coal  is  about  75 
percent.  After  adding  the  investment  charges  at,  say, 
a  40  percent  annual  load  factor  and  the  small  proportion 
of  general  expense  usually  incurred,  the  cost  of  coal  is 
still  in  the  order  of  33  percent  of  the  total  cost  of  sup- 
plying high-tension  electrical  energy  in  bulk. 

RELATIVE  COAL  COSTS 

Contrast  this  with  complete  retail  electric  service  to 
homes  in  which  the  cost  of  coal  is  usually  less  than  four 
percent.  The  cost  of  the  raw  product  (coal)  has  here 
become  a  very  small  proportion.  The  very  large  pro- 
portion of  the  cost  to  render  electric  service  to  homes  is 
that  due  to  very  heavy  investment  charges  and  to  very 
expensive  service.  At  present  the  average  consumption 
at  all  Chicago  stations  is  about  2.7  lbs.  per  kw-hr.  The 
coal  consumption  of  the  latest  units  averages  about  1.95 


lbs.  per  kw-hr.  About  one-half  the  yearly  output  is 
being  generated  by  steam  turbine-driven  units  of  20  000 
kw  and  larger  capacity. 

CONSERVATION  OF  COAL 

During  the  year  191 5  the  output  was  about 
I  200  000  000  kw-hr.  and  i  586  000  tons  of  coal  were 
required.  At  the  coal  consumption  per  kw-hr.  which 
prevailed  in  1903,  a  total  of  4  195  000  tons  would  have 
been  required.  The  saving  in  coal  in  191 5  alone  was, 
therefore,  2  609  000  tons.  This  conservation  of  coal  is 
due  to  steam,  electrical  engineering  and  new  business 
development.  Low  electric  power  costs  are  obviously  of 
great  benefit  to  almost  every  community.  Unless  water 
power  is  available,  the  cost  of  fuel  is  the  factor  of  first 
importance.  After  that,  the  securing  of  sufificient  busi- 
ness at  some  profit  and  the  skillful  physical  development 
of  a  system  are  closely  interlinked  problems,  the  solution 
of  which  must  be  judiciously  co-ordinated. 

RELATIVE  INVESTMENT  REQUIRED  AND  EFFECT  OF  DENSITY 

The  high-tension  transmission  system  in  Chicago, 
over  which  337  900  kw  was  transmitted  in  November, 

T.\BLE  I— RELATIVE  INVESTMENT   FOR  THREE 
DIFFERENT  CUSTOMERS 


Items. 

A 

B 

C 

12.3 

32 

12.3 

3.2 
4  4 

9-3 
58.6 
9- 

3-2 

12.3 

3-2 

4-4 

9  3 
12. 

9. 

3-2 

Distribution  to  block  in  which  home 

is  located 

Distribution  within  such  block 

Total 

15.5 

100% 

53-4 

Column  A — Supply  electrical  energy  untransformed  at  a 
substation. 

Column  B — Electric  service  to  one  of  five  residence  cus- 
tomers in  a  block. 

Column  C — Electric  service  to  one  of  fifty  residence  cus- 
tomers in  a  block. 

1915,  to  76  substations,  consists  of  725  miles  of  under- 
ground three-conductor  cables  and  12  miles  of  overhead 
three-conductor  lines.  The  distribution  system  beyond 
these  substations  consists  of  2050  miles  of  single  con- 
ductor underground  and  7850  miles  of  single  conductor 
overhead  wire.  In  an  area  of  seven  square  miles  in  the 
downtown  district  all  conductors  are  underground.  In 
all  the  remainder  of  the  city  the  distribution  is  partly 
underground  and  partly  overhead.  The  feeders  or  cir- 
cuits from  the  substations  are  carried  underground  in 
streets  for  distances  of  one  to  four  miles  and  then  over- 
head in  alleys.  The  primary  distribution  is  2300-4000 
volts,  four-wire,  three-phase.  Such  portions  of  these 
circuits  as  carry  no  power  are  single-phase,  to  which  a 
third  wire  is  added  when  power  is  added  to  the  load. 

In  Table  I,  column  A  shows  approximately  the  rela- 
tive investment  required  to  supply  electrical  energy  un- 
transformed at  a  large  stibstation ;  column  B  that  to 
render  electric  service  to  one  of  five  residence  customers 
in  a  block ;  and  column  C  that  to  render  service  to  one 
of  50  residence  customers  in  a  block.    Assume  (a)  that 
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the  electric  utility  has  only  two  classes  of  customers  and 
(b)  that  the  yearly  load  factor  of  each  customer  in  the 
two  classes  is  the  same,  and  (c)  that  the  same  yearly 
fixed  charge  could  be  applied  to  the  entire  investment 
used  for  each  customer,  then  the  investment  charge  for 
the  consumer  of  untransformed  energy  would  be  only 
15.5  percent  of  that  for  the  residence  customer  who  is 
one  of  five  customers  in  a  block.  This  refers  to  column 
B,  where  there  are  only  five  small  residence  customers 
in  a  block.  If  there  are  fifty  similarly  small  customers 
in  a  block,  as  in  the  case  of  large  flat  buildings,  the  total 
investment  charge  as  shown  in  column  C  is  reduced 
almost  one-half.  The  reason  for  this  large  reduction  is, 
that  for  mechanical  reasons  the  poles,  the  primary  wires 
and  the  secondary  wires  necessary  for  five  customers  to 


other  fixed  charges  go  on  and  on  and  must  be  paid 
when  the  customer  uses  the  service  only  five  minutes 
per  day  as  well  as  when  he  uses  it  five  hours  per  day. 
This  is  one  of  the  reasons  why  a  minimum  bill  each 
month  is  equitable  and  fair. 

RELATIVE   EXPENSES   OTHER  THAN    INVESTMENT 

All  of  the  expenses  per  kw-hr.  (other  than  fixed 
charges  on  investment)  incurred  in  supplying  electrical 
energy  untransformed  in  bulk  are  only  about  six  or 
seven  percent  of  those  incurred  in  rendering  electric  ser- 
vice to  a  very  small  customer.  In  the  case  of  untrans- 
formed energy  in  bulk  the  only  large  expenses  are  those 
of  operating  and  maintaining  the  generating  station  and 
the  transmission  lines.     The  cost  of  reading  and  main- 


TABLE  II— ELECTRIFICATION  IN  CHICAGO. 
Energy  Requirements  at  Pantograph — 2400  Volt  Direct-Current  Sys 


Atchison,  Topeka  &  Santa  Fe  Railway 

Baltimore  &  Ohio  Railroad 

Baltimore  &  Ohio  Chicago  Terminal  Railroad . 
Calumet,  Hammond  &  Southeastern  Railroad. 


Chesapeake  &  Ohio  Railway  of  India 

Chicago  &  Alton  Railroad 

Chicago  &  Calumet  River  Railroad . . 
Chicago  &  Eastern  lUinois  Railroad . 


Chicago  &  Erie  Railroad 

Chicago  &  North  Western  Railway 

Chicago  &  Western  Indiana  Railroad  and  the  Belt  Railway  of  Chicago*. 
Chicago.  13urlington  &  Quincy  Railroad 

Chicago  Great  Western  Railroad 

Chicago,  Indiana  &  Southern  Railroad 

Chicago,  Indianapolis  &  Louisv-ille  Railway 

Chicago  Junction  Railwayf 


Chicago,  Milwaukee  &  St.  Paul  Railway 

Chicago,  Rock  Island  &  Pacific  Railway 

Chicago  Short  Line  Railway 

Chicago,  West  Pullman  &  Southern  Railroad. . 


Elgin.  JoUet  &  Eastern  Railway. 
Grand  Trunk  Western  Railway. . 

Illinois  Central  Railroad 

Illinois  Northern  Railway 


Indiana  Harbor  Belt  Railroad 

Lake  Shore  &  Michigan  Southern  Railway 

Michigan  Central  Railroad 

Minneapolis.  St.  Paul  &  Sault  Ste.  Marie  Railway. 
New  York,  Chicago  &  St.  Louis  Railroad 


Pere  Marquette  Railroad 

Pittsburgh,  Cincinnati.  Chicago  &  St.  Louis  Railway. 

Pittsburgh,  Fort  Wayne  &  Chicago  Railway 

Pullman  Railroad 

Wabash  Railroad 


20  537 
29.333 
3S.3SS 

2  217 

3  016 
24.388 

2  407 
26  400 

3640 
288  218 
113  567 

676SS 

9  704 

3  120 
II  812 
49638 

130  SI2 

70  046 
I  950 

8  260 

40318 
19348 
140  521 

4043 
6999 

100  747 
42  092 
5  729 

21  617 

13  311 
56444 
95  051 
2838 
37  711 


0.24 
19.37 
7.63 
454 

0.6s 
0.21 
0.79 
3.33 


IS6 
12  010 
4732 
2  819 

404 

130 

492 

2  064 


I  680 

S06 

5855 


6.77 
2.83 
0.38 


0.89 
3.79 
6.39 


I  754 
239 
901 


I  32s 

1  604 

2  067 
148 


8Ss 
23438 
691S 
6  464 

885 
663 

1  054 

2  740 


426 

2  526 

I  410 

12  021 

288 


2386 

605 

1344 

1086 
3  354 
6467 
2S4 
2  535 


0.81 
21.46 
6-33 
5  92 

0.81 
0.61 
0.96 
2.51 

7.43 
552 
0.12 


0.99 
3.07 
5. 92 
0.23 


64.6 
76. J 


36.1 
63.9 
73.0 
58.2 


4S.6 
19. « 
46-7 
75.2 


66.5 

57.2 
48.7 
S8.3 


S8.I 
73-5 

39.  S 

67.0 


Totals. . 


4S8  ^^o 


109  258 


♦Includes  Chicago  Union  Transfer  Railway. 


tlndudes  Chicago  River  &  Indiana  Railroad. 


the  block  are  also  sufficient  to  supply  50  customers  to 
the  block.  The  only  additional  investment  for  50  cus- 
tomers instead  of  five  is  the  larger  transformer  and  the 
additional  number  of  service  drops.  If  every  block  in  a 
city  or  in  an  area  served  had  50  or  more  customers 
there  would  be  a  considerable  reduction  also  in  the  items 
of  transmission,  of  substations  and  of  distribution  to 
the  boundary  of  the  block.  The  above  illustrates  the 
very  great  influence  of  density  on  investment  required 
to  render  electric  service  to  homes.  It  also  shows  that 
the  investment  per  unit  of  demand  is  six  or  seven  times 
as  great  for  the  small  customer  in  column  B  as  for  the 
large  customer  in  column  A.  The  interest  and  other 
fixed  charges  in  this  investment  must  be  paid  from 
month  to  month  and  vear  to  year.    These  interests  and 


taining  meters  and  rendering  and  collecting  of  bills  for 
such  large  customers  is  relatively  a  very  small  item. 

In  the  case  of  the  very  small  customer,  the  operating 
and  maintenance  expenses  in  connection  with  the  sub- 
station, complete  distribution  system,  meters  and  lamps, 
and  often  certain  free  repairs  for  customers,  are  a  very 
large  item.  The  general  expenses  incurred  in  reading, 
testing  and  maintaining  meters,  rendering  and  collecting 
bills  and  keeping  and  carrying  the  account  is  just  as 
great  for  the  smallest  customer  as  for  a  large  customer. 
Here  then  is  another  reason  why  a  minimum  bill  is 
necessary. 

The  rendering  of  such  general  repair  and  inspection 
service  day  and  night  for  convenience  of  customers,  as  is 
demanded  in  rapidly  increasing  proportions,  amounts  to 
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a  very  large  sum  at  the  end  of  the  year.  There  are  also 
heavy  seasonal  expenses.  For  example,  about  30  per- 
cent of  all  residence  customers  in  Chicago,  or  82  000  cus- 
tomers, moved  from  one  location  to  another  in  191 5. 
Most  of  them  want  to  be  disconnected  and  reconnected 
at  a  specified  day  and  hour.  This  means  an  enormous 
strain  on  employes,  as  it  is  impossible  to  render  such 
service  with  new  people  employed  for  a  few  days  during 
the  May  i  and  October  i  rush.  Other  work  must,  there- 
fore, be  neglected  to  some  extent  and  all  efforts  concen- 
trated on  this  enormously  expensive  semi-annual  moving. 

METERING  AND  BILLING   METHODS 

The  cost  of  reading  the  meter  each  month,  entering 
on  the  books,  rendering  the  bill  and  making  the  collec- 
tion, is  about  16  cents  per  bill.  This  is  repeated  12  times 
a  year.  This  is  a  large  proportion  of  a  bill  for  electric 
service  that  is  often  $1.00  or  less  per  month. 

While  the  present  type  of  electric  meter  is  a  won- 
derfully reliable  and  accurate  instrument  for  the  price, 
there  is  after  30  years  of  development  still  room  for 
revolutionary  improvements.  The  possibilities  of  sim- 
plified methods  in  metering,  billing  and  collecting,  and 


Even  if  it  were  possible,  it  is,  however,  not  at  all 
necessary  that  all  customers  should  afford  the  same  per- 
centage of  profit.  In  a  great  many  instances  it  is  neces- 
sary in  order  to  secure  additional  customers  that  they  be 
served  at  a  lower  margin  of  profit  than  is  afforded  by 
some  existing  customers.  Every  customer  added  to  the 
utility,  if  he  affords  any  profit  at  all,  is  a  source  of  bene- 
fit to  all  of  the  other  customers,  provided  always  that 
there  is  no  discrimination  in  rates  under  like  conditions 
of  service.  Take  for  example  again,  the  electric  railway 
load  in  Chicago.  During  the  first  two  or  three  years  this 
railway  business  was  served  at  practically  no  profit. 
The  demonstration  was,  however,  successful,  and  as  a 
result  the  sale  of  electrical  energy  to  the  railways  in- 
creased rapidly  and  soon  afforded  a  reasonable  profit. 
Since  then  this  railway  business  has  made  possible  the 
very  large  and  economical  power  houses  and  transmis- 
sion systems  from  which  all  of  the  other  customers  have 
since  received  very  large  benefits,  as  demonstrated  by 
the  various  reductions  in  rates.  In  this  respect  the  sale 
of  electrical  energy  is  not  essentially  different  from  the 
sale  of  the  output  of  a  manufacturer  who  makes  a  mod- 
erate profit  on  his  regular  line.     In  order,  however,  to 


FIG.   3— DIVERSITY   OF   LARGE   LIGHT   AND    POWER    CUSTOMERS 


hence  of  relations  with  customers,  are  very  great,  and 
the  necessity  for  such  simplification  is  becoming  more 
urgent  year  by  year. 

INCREASING  THE  OUTPUT 

Two  extreme  cases  have  been  considered,  one  a  very 
large  and  one  a  very  small  customer.  The  investment 
cost  per  kilowatt  demand  was  nearly  seven  times  as  great 
for  such  residence  customer,  and  all  other  costs  per  kw- 
hr.  of  use  about  fifteen  times  as  great  for  such  residence 
customer  as  for  the  street  railway.  A  large  proportion 
of  the  business  of  an  electric  utility,  however,  lies  be- 
tween these  two  extremes.  It  is  a  very  difficult  matter 
to  determine  accurately  the  relative  cost  to  supply  each 
of  the  many  different  customers  under  widely  varying 
conditions  of  service  between  the  two  limits  considered 
above.  It  is,  however,  necessary  to  keep  the  matter  of 
cost  constantly  in  mind,  because  any  customers  that  are 
served  below  cost  involve  a  loss  that  must  eventually  be 
borne  by  other  customers.  It  is  one  of  the  present  prob- 
lems of  every  electric  utility  to  so  conduct  its  business 
that  the  number  of  customers  served  below  cost  shall  not 
become  too  large  and  thus  prevent  an  injustice  to  other 
customers. 


run  his  factory  more  economically  it  is  advisable  for  him 
to  take  on  an  additional  line  and,  if  possible,  a  line  that 
can  be  manufactured  during  the  particular  season  of  the 
year  when  the  demand  for  his  regular  product  is  at  a 
minimum.  When  first  taking  on  the  additional  line  he 
is  entirely  justified  in  doing  so  at  a  low  margin  of  profit 
or  no  profit  at  all,  and  by  so  doing  increase  the  quantity 
of  his  entire  production  so  much  that  he  is  finally  able  to 
cut  down  the  margin  of  profit  both  on  the  standard  line 
and  on  the  additional  line,  thus  benefiting  both  his  old 
and  new  customers. 

The  fixed  charges  on  investment,  interest,  deprecia- 
tion and  the  like  are  the  largest  portion  of  the  cost  to 
serve  the  majority  of  users  of  electric  service.  The  mat- 
ter of  load  factor  is,  therefore,  of  vital  importance,  that 
is,  if  a  dollar  invested  in  the  electric  utility  can  be  made 
to  work  twice  as  many  hours  per  day  the  fixed  charges 
are  correspondingly  reduced.  This  is  what  happens  if 
the  same  equipment  can  be  used  to  supply  one  or  a  set  of 
customers  during  the  early  hours  of  the  day  and  another 
set  of  customers  during  the  evening  and  night  hours 
with  no  overlapping  of  the  two  demands.  In  most  cases 
this  is  only  partially  true.     This  so-called  diversitv  of 
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demand  is  a  fundamental  and  important  economic  reason 
for  massing  of  production  on  a  large  scale. 

An  exhaustive  study  was  made  two  years  ago  of  the 
demand  of  82  customers,  which  were  classed  into  11 
groups  as  follows  and  shown  in  Fig.  3 : — Department 
stores,    ofiflce    buildings,    li^jtels,    telephone    exchanges 
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FIG.    4— INCRE.'^SED    COST    OF    LIVING    CONTRASTED    WITH     DECRE.\SK» 
COST  OF  ELECTRICITY  FOR  LIGHTING 

and  offices,  garages,  brickyards  and  quarries,  steel  and 
brass  works,  ice  manufacturers,  general  manufacturers, 
stockyards  and  cement  works.  The  consumption  of 
electricity  for  each  of  these  82  customers  was  auto- 
matically printed  at  the  end  of  each  hour  by  printo- 
meters.  The  hour,  as  well  as  the  amount  of  the  maxi- 
mum demand  of  each  one  of  the  82  customers,  was  thus 
made  available.  The  sum  of  the  separate  maxima  was 
26640  kilowatts.  The  coincident  maximum,  however. 
at  the  time  of  maximum  demand  (about  5  P.  M.  ni 
December)  was  9770  kilowatts.  This  means  a  diversity 
factor  of  2.7.  Some  of  the  n  groups,  such  as  brick- 
yards, cement  works  and  ice  manufacturers,  made  prac- 
tically no  demand  at  that  hour  and  season.  Certain 
others,  such  as  steel,  iron  and  brass  works,  general 
manufacturers  and  the  like,  make  their  greatest  de- 
mands about  10  A.  M.* 

REDUCTION    IN    COST  OF  ELECTRICITY    FOR  LIGHTING 

The  annual  output  from  1896  to  191 5,  inclusive,  in- 
creased from  15  700000  kw-hr.  to  i  198  637  000  kw-hr.. 
i.  e.,  the  output  in  191 5  was  75  times  greater  than  in 
1896.  This  made  possible  material  reductions  in  the 
average  price  of  electricity  for  lighting,  as  shown  in 
Fig.  4.  Prior  to  1898  the  rates  were  20  cents  per 
kw-hr.  At  that  time  the  Wright  demand  system  was 
put  into  eiifect  for  the  first  time  in  America.  This  made 
it  possible  for  long-hour  profitable  users  to  earn  a  better 
rate  automatically.  This  resulted  in  the  rapid  increase 
in  the  sale  of  electrical  energy  for  all  purposes.  The 
curve  shows  that  since  1904,  when  the  advantages  of 
central  station  power  supply  began  to  be  better  appre- 
ciated by  the  community,  the  average  rates  for  lighting 
decreased   steadily.     While  the  cost   of   electricity   for 


lighting  has  decreased  70  percent,  the  cost  of  living,  sucii 
as  food,  clothing,  rent,  taxes  and  coal,  based  on  United 
States  Government  and  other  authoritative  reports,  in- 
creased more  than  40  percent.  During  this  period  other 
users  of  electricity  also  received  some  benefits  in  rates. 
The  income  from  electric  railways  for  energy  increased 
from  $27030  in  1902  to  over  $5000000  in  1915,  as 
shown  in  Fig.  5.  During  the  last  nine  years  of  this 
period  the  average  rate  to  railways  at  40  percent  load 
factor,  for  untransformed  energy  at  their  substations, 
decreased  26  percent,  largely  because  of  the  greatly  in- 
creased quantity.  Practically  all  customers  between 
these  two  extremes  have  also  enjoyed  corresponding  re- 
ductions in  rates. 

POSSIBILITIES   FOR  ADDITION.\L   SERVICE 

Notwithstanding  the  very  large  amount  of  cnergv- 
distributed  by  the  electric  utility  in  Chicago  (about  480 
kw-hr.  per  capita  per  annum  in  1915)  the  possibilities 
for  the  future  are  still  very  great,  as  illustrated  in  Fig.  6.  . 
The  upper  portion  shows  the  amount  of  energy  distrib- 
uted for  dift'erent  purposes  in  1915  to  be  as  follows: — 
Homes,  53  284  000  kw-hr. ;  commercial  electric  service, 
326728000  kw-hr.;  electric  auto  charging,  14  300  000 
kw-hr.;  street  and  elevated  railway,  680  112  000  kw-hr. 

The  lower  portion  of  Fig.  6  shows  the  present  per- 
centage of  ultimately  possible  service  that  might  be  ren- 
dered as  follows  : — Homes,  35  percent ;  commercial  elec- 
tric service,  30  percent;  electric  auto  charging,  10  per- 
cent; street  and  elevated  railway,  100  percent. 

One  of  the  principal  reasons  for  the  fact  tliat  only 
30  percent  of  the  commercial  electric  service  is  supplied 
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♦This  study  of  diversity  is  referred  to  at  length  in  a  paper 
by  Mr.  Samuel  Insull  entitled  "Centralization  of  Energy  Sup- 
ply," and  delivered  before  the  Finance  Forum  of  the  New  York 
Y.M.C.A.  on  April  20,  1914. 


FIG.   S — INCREASE  IN   POWER   PURCHASED  BY    ELECTRIC   RAILWAY 
COMPANIES  OF  CHIC.\GO  DURING  FIRST  FOURTEEN  YEARS 

by  the  electric  utihty  is  that  the  remaining  70  percent 
contains  a  considerable  number  of  unusually  large  in- 
dustrial establishments,  such  as  the  Illinois  Steel  Mills, 
Union  Stockyards,  Pullman  Car  Works  and  others ;  also 
that  in  this  70  percent  is  included  a  great  number  of 
establishments  which  still  have  mechanical  drive.    Even 
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if  only  one-half,  or  say  350000000  kw-hr,  per  annum, 
were  supplied  by  the  electric  utility,  the  advantage  to 
the  community  would  be  considerable.  Among  them 
would  be  earlier  and  greater  possible  reduction  in  gen- 
eral retail  rates,  less  smoke  and  dirt,  less  hauling  of  coal 
and  ashes,  conservation  of  coal  and  other  advantages. 


FIG.    6 — PRESEXT    QUANTITIES    .\XD    LO.\I)    POSSIBILITIES    IN    CHICAGO 

It  is  for  the  best  interest,  therefore,  of  every  retail  user, 
present  and  prospective,  that  additional  wholesale  cus- 
tomers be  secured  by  the  utility. 

POWER   FOR   ELECTRIFICATION    OF   STEAM    RAILWAY 
TERMINALS 

An  additional  possibility  for  a  large  amount  of  elec- 
trical energy  that  could  be  furnished  very  economically 
by  some  electric  utilities  is  that  required  for  the  elec- 
trification of  steam  railroads.  A  committee  of  the  Chi- 
cago Association  of  Commerce  in  191 5  made  a  very  ex- 
haustive report  on  the  subject  of  smoke  abatement,  and 
incident  thereto  the  electrification  of  railway  terminals 
was  considered.  The  report  contained  complete  cal- 
culations on  electrification  on  the  basis  of  a  2400  volt 
direct-current  system  and  also  on  the  basis  of  an  11  000 
volt  alternating-current  single-phase  system.  In  Table 
II  is  shown  the  estimated  power  requirements  for  the 
2400  volt  system. 

If  the  energy  required  were  purchased  from  the  elec- 
tric utility  it  could,  even  at  this  time,  be  supplied  from 
four  different  and  large  modern  interconnected  power 
houses  already  in  existence.  This  would  result  not 
only  in  a  saving  in  cost  of  transmission  system,  but  also 
largely  increased  reliability  of  service.  The  amount  of 
electrical  energ)'  required  by  the  different  railroads  dur- 
ing the  maximum  hour  varies  from  126  kw  for  one  of 
the  industrial  railroads  to  23  438  kw  for  the  Chicago  & 
Northwestern  Railway.  The  maximum  demand  corre- 
sponding to  this  maximum  hour,  after  allowing  for 
transmission  and  conversion  losses,  is  29  200  kilowatts 
at  the  power  house.  This,  the  largest  requirement  of 
any  one  of  the  railroads,  is  less  than  the  rated  capacity 
of  any  one  of  four  units  in  service  or  under  construction 
in  the  existing  power  houses  of  the  electric  utility.  It  is 
not  probable  that  the  maximum  demand  of  each  railroad 
would  fall  on  the  same  day  and  hour  as  the  maximum 
load  of  the  electric  utilitv.     The  maximum  demand  of 


all  electrical  energy  on  the  electric  utility,  except  a  por- 
tion of  that  used  in  manufacturing  establishments,  is 
fixed  largely  by  the  habits  and  prosperity  of  the  people 
in  the  city.  The  maximum  demand  of  the  energ>'  used 
by  a  large  railroad  terminal  would  probably  be  fixed  by 
the  freight  traffic  on  such  system,  and  which,  in  the 
Mississippi  Valley  and  beyond,  is  likely  to  occur  in 
October  or  November. 

If  the  railway  terminals  of  Chicago  are  electrified, 
singly  or  in  groups,  those  with  the  denser  traffic  will  nat- 
urally be  electrified  first.  Such  railroad,  or  groups  of 
railroads,  could  purchase  just  the  amount  of  energy  re- 
quired to  move  their  traffic.  This  would  be  a  distinct 
advantage  over  building  a  power  house  for  future  re- 
quirements, and  which  would  naturally  involve,  with 
proper  reserve,  a  very  considerable  amount  of  unproduc- 
tive investment  during  the  early  years  of  electric  opera- 
tion of  such  terminals.  In  other  words,  such  electrified 
terminals  if  supplied  from  a  new  power  house  for  this 
exclusive  purpose  would  have  to  be  operated  under  a 
handicap  from  the  very  beginning.  In  addition  to  this, 
the  railroads  by  purchasing  their  power  would  be  re- 
lieved from  the  burden  of  financing  the  power  supply 
portion  of  the  project.  Most  important  of  all,  however, 
is  the  fact  that  in  the  end  the  public  of  the  terminal  citv 
and  the  public  using  the  railroad  are  benefited  by  the 
purchase  of  the  energy  needed  for  electrification.  More- 
over, if  the  electrification  of  the  railway  terminals  re- 
quired a  period  of  from  ten  to  twelve  years,  from  the 
time  that  the  first  electric  trains  were  operated  until  the 
final  completion  of  the  electrification,  then  the  amount 
of  additional  generating  equipment  required  each  year 
by  the  electric  utility  in  Chicago  would  be  so  small  rela- 

TABLE    III-INCREASED    USE    OF    ELECTRICITY    IN" 

APARTMENTS  AND  HOUSES 

Month  of  October,  1908-1915,  inclusive. 


.Xuniljcr  of  Customers 

Aver,ige  Kilowatt 
Hours  per  Customer 

APARTMENTS. 

1908 

25900 

15  6 

1909 

37940 

16.6 

I9I0 

51  760 

18.5 

I9II 

67806 

18.0 

I9I2 

86462 

21.0 

I9I3 

no  649 

24.2 

I9I4 

126000 

22,5 

I9I5 

141  620 

22.9 

HOUSES. 

1908 

5232 

30.0 

1909 

6755 

31.8 

I9I0 

9  135 

33-4 

I9II 

II  671 

34-6 

I9I2 

12  912 

37-6 

I9I3 

16549 

43  0 

I9I4 

19492 

29.8 

I9I5 

34756 

29  2 

tively  as  to  almost  come  within  the  limits  within  which 
it  is  possible  to  estimate  the  growth  of  the  business  of 
the  electric  utility. 

RELATION  OF  PUBLIC  TO  ELECTRIC  LIGHTING 

But  to  return  again  to  the  residence  service  portion 
of  the  business.     After  all,  that  is  the  portion  that  is 
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most  conspicuous  to  the  general  public.  The  average 
residence  customer  is  unconscious  of  the  fact  that  he  is 
using  more  and  more  electricity,  as  is  indicated  in 
Table  III.  This  table  is  the  result  of  a  very  careful 
analysis  of  the  bills  of  all  residence  customers  for  each 
October  from  1908  to  1915,  inclusive.  The  month  of 
October  was  selected,  as  this  is  an  average,  and  is  be- 
lieved to  represent  nearer  than  any  other  month  about 
one-twelfth  of  the  annual  use  by  residence  customers. 
In  October,  1908,  25  900  customers  living  in  apartments 
used  an  average  of  15.6  kw-hrs.  per  customer.  In  Octo- 
ber, 191 5,  141  620  customers  used  an  average  of  22.9 
kw-hrs.  each.  This  means  during  eight  years  an  in- 
crease of  approximately  50  percent  in  the  average  kw- 
hrs.  used  in  October  by  customers  living  in  apartments. 
Strangely  enough,  the  average  used  by  customers  living 
in  houses  has  not  increased  materially  during  this 
period.  The  increase  in  the  number  of  houses  was 
partly  brought  about  by  annexation  and  additional  ter- 
ritory served,  and  the  results  of  increased  use  of  elec- 
tricity in  houses  are,  therefore,  not  as  dependable  as  the 
results  from  the  apartments. 

A  part  of  this  increased  use  of  electricity  in  homes  is 
undoubtedly  due  to  the  increasing  use  of  household 
appliances. 

IMPROVEMENT  IN  LAMPS 

The  question  of  lamp  policy  is  a  most  important 
problem.  The  quality  of  the  lamp  afifects  to  a  very 
marked  extent  the  quality  of  lighting  received  by  the 
customer.  It  is  the  one  tangible  portion  of  electric  ser- 
vice that  comes  most  strongly  to  the  customer's  atten- 
tion. The  customer  feels  that  he  is  able  to  judge  that 
element  of  the  service,  and  yet  it  is  a  matter  on  which 
even  experts,  without  the  use  of  any  instruments,  might 
differ  from  50  percent  to  100  percent,  unless,  of  course. 
they  had  a  very  high  efficiency  and  a  very  low  efficiency 
lamp  of  same  wattage  side  by  side,  \^'ithout  instru- 
ments it  is  almost  impossible  to  compare  the  amount  of 
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FIG.    7 — CONSUMPTION    PER    CANDLE-POWER    OF    LAMPS    OF    MEDIUM 
SIZE  IN  PERCENT  OF   SIXTEEN   CANDLE-POWER  CARBON   LAMPS 

light  received  one  year  in  a  home  for  a  given  expendi- 
ture of  money  with  that  received  during  the  same  month 
one  or  two  years  earlier  for  the  same  expenditure  of 
money  from  less  efficient  lamps. 

The  amount  of  light  which  $1.00  would  buy  over  a 
long  period  of  years  is  shown  in  Fig.  8.    Prior  to  1898 


$1.00  would  buy  about  1200  candle-hours.  This  has  in- 
creased during  the  past  17  years  so  that  in  191 5  $1.00 
would  buy  about  15000  candle-hours.  During  this 
period  the  rate  for  electricity  decreased  67.5  percent  and 
the  lamp  efficiency  increased  346  percent.  The  above  is 
based  on  average  retail  lighting  rates  and  on  3.1  watt 


FIG.  8 — AMOUNT  OF  ELECTRIC   LIGHT   THAT  $1.00  WOULD   BUY 
YEARS    I886-I9I5 

Expressed  in  candle-hours.     Lamp  efficiency  increase,  346  per- 
cent; rate  decrease,  67.5  percent. 

carbon  lamps  in  1898  and  1.03  watt  vacuum  tungsten 
lamps  in  191 5.  These  facts  are  determined  in  an  abso- 
lutely accurate  scientific  manner,  and  yet  how  few  cus- 
tomers would  appreciate  that  in  191 5  they  were  getting 
15  times  as  much  light  for  $1.00  as  they  were  17  years 
ago.  This  is  another  of  the  many  problems  whose  only 
solution  seems  to  be  a  constant  campaign  of  education 
and  publicity. 

USE  OF  TELEPHONE  IN   RENDERING  SERVICE 

There  are,  however,  some  elements  of  electric  service 
that  customers  can  judge  with  reasonable  accuracy,  that 
is,  the  promptness  or  lack  of  promptness  with  which 
their  requests  for  service  are  complied  with.  Such  re- 
quests, many  of  which  are  made  at  moving  time,  often 
emanate  from  persons  who  are  already  nervous  or  wor- 
ried about  their  own  particular  and  immediate  affairs. 
In  many  cases  they  have  forgotten  to  make  application 
for  electric  service  until  the  very  last  minute.  They  are, 
of  course,  entitled  to  the  most  courteous  and  prompt  at- 
tention and  to  due  allowance  for  their  possible  state  of 
mind.  It  is,  therefore,  not  only  a  duty,  but  it  is  also 
good  business  for  the  electric  utility  to  make  every 
effort  to  give  the  customer  the  best  possible  attention. 
In  a  large  city  the  number  of  people  who  come  to  head- 
quarters or  branch  offices  of  the  electric  utility  to  make 
arrangements  in  person  for  service  is  becoming  smaller 
and  smaller.  Those  who  use  the  telephone  for  this  pur- 
pose are  constantly  increasing  in  number.  Some  electric 
utilities  have,  therefore,  given  much  attention  to  the 
matter  of  telephone  communication  with  their  customers. 
In  one  instance,  an  electric  utility  in  a  large  city  has  con- 
centrated the  telephone  contact  with  its  customers  in 
three  principal  bureaus,  known  as  the  Application  Bu- 
reau, the  Service  Bureau  and  the  Customers'  Account 
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Bureau.  When  the  customer  lirst  calls  for  the  electric 
utility  he  is  connected  by  the  telephone  company  with 
the  electric  utility's  main  exchange  board.  This  board 
contains  20  positions  and  during  1915  handled  7  000000 
messages.  When  connected  with  this  board,  if  the  cus- 
tomer does  not  call  for  a  particular  bureau  or  make  his 
wants  definitely  known,  the  telephone  operator  ascer- 
tains quickly  and  tactfully  whether  the  customer  wants 
to  make  an  application  for  new  service  or  whether  he 
wishes  lamps  or  other  service,  or  whether  he  wants  in- 
formation regarding  his  account.  The  customer  is  then 
connected  quickly  with  the  proper  one  of  these  three 
principal  bureaus. 

During  the  busiest  hour  of  April  29,  191 5,  there  were 
1425  incoming  calls,  of  which  562,  or  ten  per  minute, 
were  trunked  to  the  Application  Bureau.  All  of  these 
calls  were  requests  for  service  in  new  buildings  or  for 
reconnection  in  old  buildings.  There  were  425  calls,  or 
seven  per  minute,  trunked  to  the  Service  Bureau  in  the 
same  hour.  These  were  for  lamp  renewals,  replacement 
of  fuses,  minor  repairs,  and  the  like.  There  were  also 
50  incoming  calls  for  the  Customers'  Account  Bureau. 
These  requests  were  mostly  for  final  bills  for  people  who 
had  moved  to  a  new  location,  and  in  some  cases  for  du- 
plicate bills. 

The  Application  Bureau  consists  of  a  20  position 
table.  There  is  also  an  auxiliary  12  position  table, 
which  makes  a  total  capacity  of  32  operators  to  re- 
ceive simultaneously  32  calls  from  customers  desiring 
service.  These  order  tables  have  signal  lights  that 
indicate  in  the  vertical  cabinet  at  the  end  of  the  table 
when  a  call  is  placed  on  the  bureau,  together  with 
a  buzzer  signal,  and  any  of  the  20  operators  on  the 
table  not  busy  can  answer  any  call.  A  single  oper- 
ator on  this  order  table  has  been  able  during  the  busy 
period  to  handle  over  225  applications  a  day.  This 
has  a  tendency  to  greatly  expedite  the  rendering  of  ser- 
vice, as  the  experienced  operator,  in  a  tactful  way,  can 
secure  exactly  the  information  needed,  which  is  not 
possible  in  many  instances  where  requests  are  made  by 
mail. 

There  is  a  20  position  order  table  in  the  Service 
Bureau.  Four  operators  are  called  work  dispatchers, 
who  are  in  touch  with  the  individual  repairmen  in  vari- 
ous districts  of  the  city,  and  when  calls  for  fuses  or  re- 
pairs on  wiring  or  household  appliances  are  received 
they  are  recorded  and  dispatched  by  the  carrier  system 
directly  over  the  table  from  the  operators  on  the  service 
bureau  board  to  the  work  dispatchers,  who  sort  them 
according  to  such  districts,  and  transmit  them  hourly  to 
the  repairmen  in  the  district.  The  lamp  renewal  re- 
quests are  also  sorted  and  then  assigned  to  deliverv 
routes  for  the  next  day.  On  December  20,  1915,  2880 
calls  of  various  kinds  were  handled  by  this  Service  Bu- 
reau. The  number  of  calls  handled  per  day  averages 
about  1950.  The  order  tables  in  these  three  bureaus  are 
not  completely  manned  at  all  hours,  operators  being  re- 
cruited from  the  clerical  divisions  of  the  departments  in 


charge  of  the  bureaus,  and  being  kept  available  during 
the  rush  periods  of  the  day  on  these  boards. 

PUBLIC    REL.^TIONS 

The  greater  portion  of  the  refinements  in  service  are 
occasioned  by  the  residence  customers.  They  are  in  the 
majority ;  and  in  the  last  analysis  they  are  ultimately  in 
control.  These  residence  customers  in  one  large  city, 
however,  do  not  provide  enough  gross  income  to  even 
meet  the  electric  utility  payroll. 

The  residence,  rather  than  the  commercial  customers, 
are  hardest  to  please.  They  want  the  lowest  possible 
rates  and  the  best  possible  service.  They  are  unques- 
tionably entitled  to  both  if  not  carried  to  a  point  where 
it  is  against  their  best  ultimate  interest.  If,  for  instance, 
residence  rates  were  forced  so  low  and  quality  of  ser- 
vice so  high  that  substantially  all  residence  customers 
were  served  at  a  loss,  the  commercial  and  industrial  cus- 
tomers might  temporarily  bear  the  extra  burden.  A 
part  of  the  cost  of  the  electric  service  for  residences 
would  then  appear  in  increased  price  of  provisions, 
clothing,  amusements,  and  so  on.  Furthermore,  this 
extra  burden  would  mean  that  some  industrial  and  com- 
mercial customers  might  then  install  independent  plants 
and  the  electric  utility  would  certainly  not  be  able  to  get 
so  many  new  wholesale  customers.  This  would  mean 
less  income,  less  profits  and  certainly  less  chance  for 
reduction  in  retail  rates,  if  not  an  increase  in  retail 
rates.  In  a  considerable  number  of  instances,  state  pub- 
lic utilities  commissions  have  found  it  necessary  under 
such  circumstances  to  raise  retail  rates.  In  those  cases 
the  forcing  of  retail  rates  too  low,  and  of  service  too 
high,  has  been  directly  against  the  best  interest  of  the 
residence  customers  and  of  the  community,  whose  credit 
standing  and  integrity  has  been  impaired. 

In  many  cases  states  commissions  have  encouraged 
and  even  directed  the  electric  utility  to  lower  its  whole- 
sale rates  with  a  view  of  increasing  the  volume  of  its 
business,  and  by  this  means  finally  to  get  into  a  position 
where  it  would  be  possible  to  reduce  retail  rates.  It  is, 
therefore,  for  the  best  interest  of  every  user  of  electric 
service  that  additional  customers  be  secured  by  the  elec- 
tric utility.  This  is  true,  first,  from  the  standpoint  of 
increasing  the  density  of  customers  and  thus  converting 
unprofitable  blocks  into  more  profitable  blocks,  and  sec- 
ond, from  the  standpoint  of  additional  income  from  any 
customer  served  at  a  profit. 

The  supplying  of  all  electrical  energy  needed  for 
every  purpose  in  any  community  or  area  from  a  single 
electric  utility  has  been  demonstrated  again  and  again  as 
being  the  correct  economic  solution.  The  greatest  single 
problem  remaining  is  the  promulgation  of  mutual  confi- 
dence and  understanding.  Engineers  and  business  men 
are  capable  of  carefully  analyzing  conditions,  problems 
and  possibilities.  They  can  do  much  for  their  respective 
communities.  Is  it  then  not  their  duty  to  analyze,  to 
understand  and  to  take  a  firm  position  in  favor  of  what 
is  right  and  sound  from  a  broad  economic  standpoint? 


Recent  Advances  in  Large  Steam  Turbine 
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THE  PROGRESS  made  during  the  past  four  years  in  the  development  of  steam  turoine  units  of  15000 
kilowatts  capacity  and  larger  has  been  most  extraordinary.  Due  to  the  rapidly  increasing  demand  for  electric 
power  at  cheaper  rates  and  the  development  and  use  of  high-voltage,  high-efficiency  transmission  lines,  both 
overhead  and  underground,  there  has  been  much  activity  in  concentrating  generating  apparatus  into  fewer 
stations  of  larger  capacity.  This  has  resulted  in  continual  demands  upon  turbine  builders  for  generating 
units  of  larger  capacity,  greater  reliability  and  greater  efficiency.  In  this  article  the  writer  will  confine  his 
discussion  to  units  manufactured  by  the  company  with  which  he  is  identified. 


THE  advances  in  the  capacity  of  steam  turbine  gen- 
erating sets  during  recent  years  are  shown  graph- 
ically in  Fig.  I.  In  order  to  show  the  relation 
which  the  recent  advance  bears  to  that  preceding,  this 
diagram  has  been  extended  to  include  the  first  commer- 
cial steam  turbines  built  in  this  country.  Two  curves 
are  shown,  A  representing  the  maximum  continuous  ca- 
pacity of  the  units  and  B  the  approximate  maximuin 
overload  capacity.  Up  to  about  1909  there  was  an 
almost  constant  rate  of  increase  in  sizes  of  units,  but 
since  that  time  the  rate  of  increase  has  been  increasing, 
until  at  present  the  curves  are  almost  vertical. 

The  nature  of  the  curves,  however,  do  not  differ  ma- 
terially from  a  curve  showing  the  growth  of  the  total 
amount  of  electric  energy  generated  in  the  United  States 
during  the  same  period  of  years.  This  relation  is 
readily  explained  by  the  fact  that  the  steam  turbine  has 
been  a  very  important  factor  in  the  development  of  the 
electric  power  industry.  This  industry  has  grown  so 
that  today  stations  of  approximately  100  000  kw  ca- 
pacity are  giving  continuous  and  uninterrupted  service 
to  all  of  their  circuits,  some  extending  their  transmis- 
sion lines  as  far  as  approximately  one  hundred  miles 
from  the  source  of  generation,  and  compeUing  the 
small  isolated  manufacturing  and  lighting  companies 
to  shut  down  their  existing  power  stations  and  buy  cen- 
tral station  power  purely  because  of  the  lower  cost  and 
better  service.  This  result  could  not  be  secured  with 
either  steam  or  gas  reciprocating  units. 

Recent  practice  has  been  to  adhere  to  single  cylin- 
der construction  for  units  up  to  between  25  000  and 
30000  kw  capacity,  while  for  larger  sizes  the  multiple 
cylinder  arrangement  has  been  employed.  The  advan- 
tages of  this  system  are  quite  real  and  significant.  Tur- 
bines up  to  20000  to  30000  kw,  operating  at  1800  or 
1500  r.p.m.,  can  be  built  in  single  cylinders  without 
serious  sacrifice  of  either  thermodynamic  or  mechanical 
factors  of  design.  If  larger  sizes  are  attempted  the  de- 
sign must  be  compromised.  It  must  be  remembered 
that  steam  turbines,  like-other  apparatus,  must  be  built 
from  materials  commercially  available,  bearing  in  mind 
the  fact  that  the  same  materials  must  be  used  for  the 


very  large  structures  as  are  available  for  the  small  ones. 
Any  attempt  to  depart  from  these  inaterials  must  be 
regarded  as  daring,  if  not  dangerous.  Of  course,  it  may. 
be  argued  that  steels  of  125000  to  150000  lbs.  ultimate 
tensile  strength 
and  75  000  to 
go  000  lbs.  ac- 
tual elastic  limit 
can  be  obtained. 
Therefore,  why 
should  they  not 
be  used?  They 
should  not  be 
used  for  turbine 
rotors,  for  the 
reason  that  as 
yet  they  are 
more  or  less  lab- 
oratory  ma- 
terials which, 
while  perhaps 
technically  pos- 
sible of  being 
produced   of   as 

even  quality  as  fig.  i — increases  in  capacities  of  steam 
i„  J  turbine  generating  sets 

lower    grade 

steels,  practically  are  not  being  so  produced.  The 
higher  the  quality  of  material,  the  more  sensitive, 
accurate  and  exacting  are  the  processes  by  which  it 
must  be  produced.  For  example,  a  very  slight  devia- 
tion from  prescribed  temperatures  in  heat  treatment  will 
destroy  the  high  quality  of  the  material  entirely.  De- 
fects such  as  blowholes  or  cracks  cannot  be  detected  any 
more  accurately  than  in  lower  grade  materials ;  there- 
fore, defects  of  the  same  magnitude  will  exist  in  the 
finished  product,  particularly  so  near  the  axis  of  rota- 
tion, where  the  masses  must  be  large.  The  percentage 
of  the  total  mass  included  in  the  defects  will,  therefore, 
be  larger,  resulting  in  a  larger  percentage  of  increase  in 
stress  in  the  material.  Therefore,  the  percentage  of  reli- 
ability of  quality  must  be  lower  with  the  higher  grade 
material,  because  if  produced  commercially  it  must  and 
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will  be  produced  with  practically  the  same  degree  of  skill 
and  intelligence  as  is  available  for  the  less  exacting 
product. 

In  a  steam  turbine  where  absolute  reliability  is  essen- 
tial the  designer  must  not  lose  sight  of  the  truth  that 
steels  will  be  made  by  steelmakers,  castings  by  founders, 
machine  work  and  assembly  will  be  done  by  ma- 
chinists, the  inspection  by  inspectors,  and  that  after  in- 


FIG.  2 — 3000  KILOWATT,  SINGLE  CYLINDER  PURE  REACTION    UNIT 

1000  r.p.m.,  25  cycles. 

stallation  the  unit  will  be  operated  and  maintained  by 
present-day  average  operating  engineers  and  mechanics. 
Years  of  special  training  in  the  building  of  one  class  of 
apparatus  will,  of  course,  enable  an  organization  to  pro- 
duce a  materially  higher  grade  than  would  be  possible 
with  an  untrained  organization,  but  the  relative  effect  of 
this  training,  as  compared  to  the  degree  of  development 
of  the  arts  and  artisans  generally,  is  very  slight. 

Therefore,  in  units  larger  than  30  000  kw,  in  order  to 
avoid  exceeding  safe  and  conservative  factors  of  design, 
the  turbines  are  built  of  two  or  more  cylinders,  through 
which  the  steam  is  made  to  pass  serially,  or  part  serially 
and  part  in  multiple,  depending  on  the  volumes  to  be 
handled,  the  cylinders  being  arranged  either  in  tandem, 
driving  a  single  generator,  or  side  by  side,  driving  sep- 
arate generators  connected  in  parallel.  A  very  impor- 
tant advantage  gained  by  this  construction  is  a  reduction 
of  the  temperature  difference  existing  in  any  one  cylin- 
der. With  normal  operating  conditions  of  200  pounds, 
200  degrees  F.  superheat  and  29  inches  vacuum,  the  steam 
entering  the  turbine  has  a  total  temperature  of  approxi- 
mately 588  degrees  F.,  while  its  temperature  when  leav- 
ing is  but  79  degrees  F.,  a  difference  of  509  degrees. 
From  two-thirds  to  three-fourths  of  this  temperature 
change  occurs  in  the  small  high-pressure  cylinder,  and 
from  one-third  to  one-fourth  in  the  large  low-pressure 
cylinder.  The  effect  of  this  in  preventing  distortion 
must  be  obvious.  A  further  advantage  is  to  be  gained  in 
many  instances  in  weight  and  efficiency  by  operating  the 
various  elements  at  different  rotative  speeds. 

15  000  TO  20  000  KW  UNITS 

In  September,  1913,  the  Westinghouse  Machine 
Company  put  in  service  its  first  15  000  kw  unit,  and  in 
the  same  year  its  first  20  000  kw.    Both  were  single-cyl- 


inder turbines  of  similar  design.  They  were  what  is 
known  as  double-flow  machines  of  the  combination  im- 
pulse and  reaction  type,  the  steam  dividing  immediately 
after  passing  through  the  impulse  element,  and  were  de- 
signed for  a  higher  vacuum  than  any  machines  previ- 
ously built.  Their  success  was  most  gratifying,  as  is 
evidenced  by  the  fact  that  eight  machines  of  the  smaller 
size  were  sold  within  a  period  of  two  months. 

30000   KW    UNITS 

During  the  latter  part  of  1913  a  contract  was  closed 
for  three  units  of  30000  kw  continuous  capacity  each. 
This  was  an  increase  in  size  of  50  percent  above  the 
largest  previous  unit.  The  proposed  design  of  these 
turbines  was  the  subject  of  much  thought  and  calcula- 
tion, and  a  number  of  alternative  designs  were  carefully 
analyzed.  The  two-cylinder,  cross-compound,  pure- 
reaction  design  was  finally  determined  upon  as  pos- 
sessing the  greater  merit.  These  units  have  been  in 
operation  since  about  the  first  of  1915.*  The  construc- 
tion of  these  units  was  significant  for  the  reason  that 
they  introduced  the  multiple  cylinder,  multispeed  design 
of  turbine  unit,  a  design  which  at  present  seems  to  be  the 
Ijroper  and  logical  solution  of  the  large  unit  problem. 

Recently  a  30000  kw  single-cylinder  turbine  of  pure 
reaction  type  and  semi-double-fiow  design,  operating  at 
1500  r.p.m.  has  been  developed.  This  machine  has  some 
advantages  over  the  two-cylinder  construction  in  light- 
ness, cost  and  floor  space  required,  and  is  a  desirable 
high-grade,  high-efficiency  unit  for  certain  classes  of 
work  where  these  factors  are  important.  It  represents 
the  highest  development  in  large  single-cylinder  con- 
struction. An  outline  of  one  of  these  units  is  shown  in 
Fig.  2. 

An  outline  of  a  30000  kw,  tandem-compound,  60 
cycle  unit,  operating  at  1200  r.p.m.,  driving  a  single  gen- 
erator, is  shown  in  Fig.  3.    The  high-pressure  element  is 
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FIG.  3 — 3000  KILOWATT,  TANDEM   COMPOUND   UNIT 

1200  r.p.m.,  60  cycles. 

single  flow,  and  the  low  pressure  is  semi-double  flow. 
The  blading  of  the  two  elements  is  arranged  so  that 
approximately  one-third  of  the  expansion  takes  place 
in  the  high-pressure  cylinder  and  two-thirds  in  the  low 
pressure.     With  the  division  made  at  this  point,  the 


*For  detailed  description  see  the  Journal  for  June,  1915, 
p.  271. 
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pressure  between  the  high-pressure  and  low-pressure 
elements  varies  from  about  30  pounds  absolute  to  about 
45  pounds  absolute.  With  these  pressures  the  specific 
volume  of  the  steam  is  such  that  the  interconnecting  pipe 
may  be  made  comparatively  small.  The  tandem  type  of 
machine  has  the  advantage  over  the  cross-compound  ar- 
rangement of  less  weight  and  consequently  lower  cost ;  it 
has  the  disadvantage  of  "all  the  eggs  being  in  one 
basket,"  that  is,  in  case  of  accident  to  the  generator  or 
low-pressure  element  the  whole  unit  is  out  of  service. 
In  case  of  accident  to  the  high-pressure  element  it  could 
be  disconnected,  or  the  rotor  removed  and  the  low- 
pressure  element  operated,  if  necessary,  up  to  the  full 
capacity  of  the  generator,  using  high-pressure  steam  di- 
rect in  the  low-pressure  cylinder,  the  governing  being 
done  by  other  machines  in  the  system  with  which  this 
unit  would  be  paralleled.  In  the  cross-compound  ar- 
rangement there  are  two  separate  cylinders,  each  with 
its  own  generator,  so  that  either  element  may,  in  emer- 
gencies, be  operated  to  the  full  capacity  of  its  generator 
while  the  other  is  undergoing  inspection  or  repairs. 

In  the  tandem  construction,  both  high-pressure  and 
low-pressure  elements  must  of  necessity  operate  at  the 
same  speed,  which  sometimes  prevents  obtaining  quite 
as  high  efficiencies  as  are  attainable  with  the  cross- 
compound  arrangement. 

40  000   KW    UNITS 

The  outline  of  a  40  000  kw  cross-compound  unit,  the 
high-pressure  element  operating  at  1800  r.p.m.  and  the 
low  pressure  at  1200  r.p.m.,  driving  separate  60  cycle 
generators  of  equal  capacity,  is  shown  in  Fig.  4.  The 
high-pressure  element  is  single  flow  and  the  low-pres- 
sure element  purely  double  flow.  In  this  unit  the  inter- 
connecting pipe  is  placed  overhead  in  order  to  leave  the 


FIG.    4 — 4000    KILOWATT,   60    CYCLE,   TWO-CYLINDER,   CROSS- 
COMPOUND   UNIT 

High-pressure  cylinder,  1800  r.p.m. ;  low-pressure  cylinder, 
1200  r.p.m. 

entire  space  underneath  the  floor  for  the  condensers. 
The  pressure  of  the  steam  between  cylinders  varies  from 
12  to  16  pounds  absolute.  The  interconnecting  pipe 
must,  therefore,  be  quite  large.  The  gate  valve  in  this 
line  midway  between  the  two  cylinders  is  clearly  shown. 
This  valve  may  be  closed  at  any  time  and  either  element 


operated  alone,  at  relatively  poor  efficiency,  however, 
while  the  other  element  may  be  disconnected  and  par- 
tially or  wholly  disassembled.  The  atmospheric  ex- 
haust for  the  high-pressure  element  is  made  in  the  bot- 
tom of  the  cylinder  and  passes  out  underneath  the  high- 
pressure  element. 

60000  TO  70000  KW  UNITS 

An   outline   of   a   60000-70000   kw   three-cylinder, 
two-stage  unit,  consisting  of  one  high-pressure  element 


FIG.    5 — 60000    KILOW.\TT,   25    CYCLE,   THREE-CYLINDER, 
TWO-STAGE    UNIT 

AH  elements  1500  r.p.m. 

and  two  low-pressure  elements,  each  driving  a  separate 
generator  and  all  operating  at  1500  r.p.m.,  is  shown  in 
Fig.  5.  The  three  generators  are  identical,  as  are  also 
the  two  low-pressure  turbine  elements.  Here  the  inter- 
connecting pipes  are  comparatively  small,  as  in  the  tan- 
dem-compound arrangement,  and  the  valves  in  these 
pipes  are  arranged  exactly  like  in  the  40000  kw  cross- 
compound  unit,  and  are  used  for  the  same  purpose.  The 
intermediate  pressure  is  about  the  same  as  with  the 
tandem-compound  arrangement,  i.  e.,  30  to  45  pounds 
absolute.  No  atmospheric  exhaust  is  provided  on  the 
high-pressure  element,  as  no  emergency  should  ever 
arise  in  a  station  large  enough  to  employ  such  a  unit  in 
which  it  would  be  necessary  to  operate  the  high-pressure 
element  alone  at  the  extremely  poor  efficiency  obtainable 
when  so  operating.  However,  the  high-pressure  element 
may  be  operated  with  either  one  of  the  low-pressure 
elements  up  to  the  maximum  capacity  of  the  low- 
pressure  generator,  with  efficiency  only  slightly  poorer 
than  the  whole  unit  at  the  same  load,  or  by  closing  the 
two  valves  in  the  interconnecting  pipes  the  high-pressure 
element  can  be  isolated  entirely  and  both  low-pressure 
elements  operated  on  high-pressure  steam  direct  up  to 
the  full  capacity  of  their  generators,  or  even  to  what- 
ever overloads  these  generators  will  stand,  the  efficiency 
when  so  operated  being  only  slightly  poorer  than  when 
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operating  with  the  high-pressure  and  one  low-pressure 
element.  To  facilitate  operation  of  the  low-pressure 
elements  alone,  each  is  provided  with  its  own  governor 
and  inlet  valve,  controlling  the  high-pressure  steam  ad- 
mission to  it.  These  governors  and  valves  are  so  ar- 
ranged that  when  normally  operating  in  connection  with 
the  high-pressure  element  the  valves  will  be  closed  and 
the  CTQvernors  thrown  out  of  control,  the  o-overning  for 


FIG.  6 — LONGITUDINAL   SECTION  OF  A  TYPICAL   HIGH- 
PRESSURE  ELEMENT 

the  whole  unit  being  done  by  the  high-pressure  element. 

For  units  of  50  000  kw  and  larger  this  three-cylinder 
arrangement  has  many  admirable  features  which  should 
insure  its  wide  adoption.    The  principal  ones  are : — 

Extremely  High  Degree  of  Reliability — Although 
the  capacity  of  the  unit  is  large,  the  structures  of  the 
elements  are  comparatively  small,  and  known  safe 
factors  of  design  need  not  be  exceeded  in  either  turbine 
or  generators.  Because  of  its  extreme  flexibility  and  the 
low  temperature  range  in  any  one  cylinder,  it  is  superior 
in  reliabilty  to  three  separate  units  operating  in  parallel, 
each  of  one-third  its  capacity. 

The  efficiency  is  equal  to  or  higher  than  that  obtain- 
able with  any  other  known  arrangement. 

The  cost  per  kilowatt  is  less  than  that  of  either 
smaller  separate  units  or  of  single  or  double-cylinder 
units  of  slower  speed  and,  therefore,  necessarily  greater 
weight. 

In  all  of  the  turbines  described  of  30000  kw  and 
larger,  the  reaction  type  of  blading,  as  originated  by  Sir 
Charles  A.  Parsons,  is  used  throughout.  Turbines  of 
these  larger  sizes  are  usually  built  to  order,  that  is,  they 
are  designed  and  built  to  meet  the  specific  requirements 
of  their  purchasers.  This  is  entirely  feasible,  for  the 
reason  that  the  costs  of  drawings  and  patterns  are  such 
a  small  percent  of  the  cost  of  the  unit  that  alterations  or 
even  new  designs  are  justified  for  comparatively  minor 
special  conditions.  This  applies  especially  to  overload 
capacities,  the  turbines  being  designed  to  have  their 
point  of  best  efficiency  at  the  load  at  which  they  will 
normally  operate,  and  with  overload  capacity  above  this 
sufficient  to  meet  the  maximum  requirements. 

A  cross-sectional  view  of  a  typical  high-pressure  ele- 
ment and  of  a  typical  semi-double-flow,  low-pressure 
element  are  shown  in  Figs.  6  and  7.  These  elements  are 
of  much  the  same  design,  whether  arranged  as  tandem- 
compound,  two-cylinder  cross-compound,  or  three-cyl- 
inder compound.  The  high-pressure  cylinder  and  its 
blade-carrying  elements  are  made  entirely  of  cast  steel 
on  account  of  the  high  steam  pressures  and  temperatures 


which  they  must  withstand.  In  all  of  the  two-cylinder, 
cross-compound  units  which  have  as  yet  been  designed, 
the  high-pressure  element  has  been  provided  with  a  few 
more  rows  of  blading  and  the  low-pressure  with  a  few 
less,  the  low-pressure  element  being  of  the  straight 
double-flow  type ;  but  the  only  reason  for  doing  this  has 
been  to  keep  the  generators  of  equal  capacity,  which  is 
not  usually  important.  No  matter  what  the  arrange- 
ment, the  unit  is  normally  operated  exactly  as  if  it  were 
a  single-cylinder  machine.  The  generators  are  normally 
permanently  connected  in  parallel  (switches  being  pro- 
vided for  cutting  out  either  element  when  desired).  The 
condenser  or  condensers  are  first  started  up  and  a 
vacuum  established  in  the  turbines,  the  oil  is  put  in  circu- 
lation, a  field  charge  is  put  on  the  generators,  the  engi- 
neer opening  the  throttle  on  the  high-pressure  element 
starts  the  unit  up  and  brings  it  up  to  speed,  the  generator 
elements  all  the  while  being  held  in  synchronism  by  the 
exciter  fields.  The  switchboard  operator  then  synchron- 
izes the  unit  with  the  busses  and  connects  it  to  the  line. 
There  is  no  synchronizing  of  elements  with  each  other : 
in  fact,  there  need  be  only  one  set  of  leads  run  to  the 
switchboard  for  the  whole  unit. 

ADVANCES  IN  RELIABILITY 

The  highest  possible  degree  of  reliability  or  service- 
ability in  a  turbine  set  is  of  the  greatest  importance. 
Absolutely  continuous  and  uninterrupted  service  is  being 
universally  demanded,  and  it  has  become  a  matter  of 
pride  among  public  service  electric  companies  to  be  able 
to  maintain  clean  records  in  this  respect  on  all  of  their 
circuits.  To  accomplish  this  result  a  sufficient  number 
of  units  are  kept  in  service  to  take  care  of  any  emer- 
gency. The  degree  of  reliability  of  the  units  operating 
is,  therefore,  a  measure  of  the  amount  of  capacity  in 
generating  units,  in  excess  of  the  maximum  demand  on 
the  station,  which  must  be  maintained.  It  is  also  a 
measure,  to  some  extent,  of  the  load  factor  which  may 


FIG.    7 — LONGITUDINAL    SECTION   OF   A   TYPICAL    LOW- 
PRESSURE  ELEMENT 

be  carried  on  the  units  operating,  with  a  given  degree 
of  reliability. 

While  the  degree  of  reliability  of  turbogenerator 
units  has  been  steadily  increasing  and  is  at  present  very 
high,  the  increase  has  not  been  due  entirely  to  any  one 
or  few  particular  accomplishments.  It  has  been  brought 
about  chiefly  by  these  important  factors : — 
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/—By  adhering  rigidly  to  the  use  only  of  known  safe  and 
reliable  materials  and  known  safe  stresses. 

2—Ey  a  great  number  of  minor  detail  improvements  and 
simplifications,  many  of  which  were  made  purely  to  better  en- 
able attendants  to  understand  the  function  of  the  various  parts, 
and  to  facilitate  keeping  them  in  proper  normal  condition. 

S — By  education  and  special  training  in  the  various  classes 
of  work  of  the  entire  human  element  entering  into  the  manu- 
facture and  operation  of  the  apparatus.  A  very  large  per- 
centage of  accidents  experienced  in  former  years  were  due 
directly  to  what  are  well  known  now  as  very  obvious  errors. 
These  errors  and  oversights  have  been  made  (a)  by  the  men 
engaged  on  designs;  (b)  by  the  men  engaged  in  the  manufac- 
ture and  assembly  of  the  machines ;  (c)  by  the  erecting  engi- 
neers who  are  responsible  for  the  proper  installation  of  the 
apparatus  in  the  purchaser's  power  house,  starting  it  in  proper 
operation,  and  instructing  the  power  house  attendants  as  to  the 
proper  handling  and  maintainance ;  (d)  the  operating  engi- 
neers and  attendants  who  are  responsible  for  proper  operation 
of  the  machinery,  as  well  as  for  maintaining  it  in  proper  oper- 
ating condition.  The  percentage  of  these  errors  have  been 
least  with  those  in  close  touch  with  the  designer  and  greatest 
with  those  farthest  away  from  him. 

.\DVANCES  IN  EFFICIENCY 

While  very  great  reductions  in  steam  consumption 
per  kw-hr.  have  been  effected  since  the  first  introduction 
of  steam  turbines  in  this  country,  the  actual  increase  in 
efficiency  of  turbine  blading  has  been  very  slight.  The 
steam  consumption  of  present-day  turbines  of  the  same 
capacities  and  rotative  speeds  as  the  first  turbines  built 
are  less  than  five  percent  higher  in  efficiency,  and  in 
recent  years  no  material  increase  has  been  possible.  Re- 
ductions in  steam  consumption  from  approximately  22 
lbs.  per  kw-hr,  to  less  than  one-half  that  amount  have 
been  due  almost  entirely  to  two  factors,  namely,  changes 
in  operating  conditions,  and  increase  in  capacity  of 
units  for  given  rotative  speeds.  The  steam  pressure, 
superheat  and  vacuum  under  which  a  turbine  must  oper- 
ate are  conditions  entirely  external  to  the  turbine  and 
determine  the  design  of  the  turbine,  just  as  in  a  water 
power  installation  where  the  height  of  waterfall  is  fixed 
and  the  water  turbine  must  be  designed  to  develop  the 
greatest  possible  amount  of  power  from  a  given  amount 
of  water  with  that  fall. 

Due  to  advances  in  boiler  construction,  steam  pres- 
sures have  been  steadily  increased  from  125  or  150  lbs. 

T.^BLE  I — EFFECT  OF  INCREASED  STEAM  PRESSURES 


Increasing  steam 
pressure  from 

Increases  heat  sup- 
plied to  steam  approx- 
imately 

Resulting  decrease  in 

steam  consumption 

approximately 

lootoisolbs. 
1 50  to  200  lbs. 
200  to  250  lbs. 
250  to  300  lbs. 

0 . 5  percent 
0.35      " 
0.25      " 
0.2        " 

8 .      percent 
4- 

2.75      " 
2.25      " 

gage  to  200  and  225  lbs.  gage.  There  is  at  present  at 
least  one  station  now  under  construction  which  is  to 
employ  300  lbs.  steam  pressure,  and  others  to  use  500 
and  600  lbs.  are  being  seriously  considered.  The  effect 
of  increasing  steam  pressures  is  to  increase  the  amount 
of  heat  which  must  be  added  to  the  steam  by  a  very 
slight  percentage,  but  to  decrease  the  steam  consump- 
tion rate  of  the  turbine  a  considerably  greater  per- 
centage, as  shown  in  Table  I. 


In  recent  practice  boilers  are  designed  to  superheat 
the  steam  from  100  to  200  degrees  F.  The  addition  of 
100  degrees  superheat  increases  the  heat  which  must  be 
supplied  to  the  steam  approximately  five  percent,  but 
decreases  the  steam  consumption  rate  of  the  turbine 
nearly  ten  percent;  while  200  degrees  superheat  re- 
quires an  increase  of  nine  percent  of  heat  supplied,  but 
reduces  the  steam  consumption  approximately  seventeen 
percent. 

TABLE   II — EFFECT  OF   INCREASE  OF  VACUUM 


Increase  in  vacuum. 


Decreases  steam  consumption  of 
turbine  approximately. 


26  to  27  inches 

27  to  28       " 

28  to  29      " 


4  percent 

5  " 
7       " 


Due  to  advance  in  condenser  construction,  the 
vacuum  available  at  the  turbine  has  increased  from  26 
and  27  inches  mercury  to  29  inches  (referred  to  30 
inches  barometer),  or  has  reduced  the  pressure  per 
square  inch  at  the  turbine  exhaust  from  two  pounds 
absolute  to  less  than  one-half  pound  absolute.  This  has 
not  required  any  additional  heat,  except  as  may  have 
been  caused  by  a  slight  increase  of  power  required  to 
drive  the  condenser  pumps ;  but  has  effected  reductions 
in  steam  consumption  of  the  turbine  approximately  as 
in  Table  II.  Further  improvement  in  operating  con- 
ditions will  be  made  from  time  to  time  until  a  condition 
of  equilibrium  is  reached  where  the  decrease  in  steam 
consumption  will  no  longer  justify  the  increase  required. 

SUMMARY 

During  the  past  four  years  the  maximum  capacities 
of  steam  turbine  units  has  increased  from  15000  kw  to 
70000  kw.  Units  of  still  larger  size  are  practical  and 
will  naturally  result  with  further  growth  of  the  electric 
power  industry. 

Single-cylinder,  complete-expansion  units  have  been 
designed  in  sizes  as  high  as  30  000  kw.  However,  at  this 
rating,  multi-cylinder  units  have  predominated,  and  for 
the  larger  ratings  they  have  been  used  exclusively,  be- 
cause of  their  higher  degree  of  reliability  as  obtained  by 
keeping  the  structures  small  enough  to  employ  known 
safe  factors  of  design ;  by  reduction  of  temperature  dif- 
ference existing  in  any  one  cylinder  ;  by  the  flexibility  of 
the  unit,  enabling  the  remaining  elements  to  be  operated 
while  any  one  is  out  for  inspection  or  repairs,  and  be- 
cause of  their  lower  cost  per  kilowatt. 

Advances  in  reliability  have  been  accomplished  by 
adhering  rigidly  to  the  use  only  of  known  reliable  ma- 
terials and  known  safe  stresses,  by  improvements  in  de- 
tail design,  and  by  reason  of  a  higher  training  of  the 
human  element  as  obtained  by  longer  experience  in  the 
art. 

Advances  in  efficiency  have  resulted  chiefly  from  im- 
proved operating  conditions  as  resulting  from  improve- 
ments in  boiler  and  condenser  construction,  and  from 
increase  of  capacity  of  units  for  given  rotative  speeds. 
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THE  nearly  universal  adoption  of  commutating 
poles,  together  with  increasing  commutator  speeds 
and  increasing  brush  densities,  has  made  the  prob- 
lems of  producing  and  selecting  proper  brushes  for  com- 
mutators and  slip  rings  of  importance  of  the  first 
magnitude.  That  this  is 
recognized  by  the  makers 
of  brushes,  as  well  as  by 
the  users  of  their  products, 
is  suggested  by  the  follow- 
ing excerpts  from  the  liter- 
ature of  a  few  of  the  prom- 
inent brush  manufacturers. 
The  first,  of  historical  value 
only,  is  as  follows : — - 

"Carbon  brushes  were  *  *  * 
brought  to  the  attention  of  the 
electrical  profession  in  1889." 
However,  "It  was  not  until 
*  *  *  1893  that  this  then  rad- 
ical departure  in  brush  design  met  with  any  degree  of  success." 

The  second,  not  without  justification,  relegates  ex- 
cessive theory  to  the  scrap  heap  in  the  following  state- 
ment : — - 

"Abstract  knowledge  based  on  theoretical  considerations 
offers  little  assistance  in  the  solution  of  brush  problems." 

A  third  credits  electrical  men  with  a  growing  appre- 
ciation of  the  brush  problem,  which  it  is  hoped  has  not 
been  too  generously  bestowed.    To  quote  : — 

"Electrical  men  are  realizing  more  and  more  the  fact  that 
brushes  are  not  merely  adjuncts  but  highly  important  factors 
in  the  successful  operation  of  motors  and  generators." 

The  last  reverts  tersely  to  the  past  and  near  past; 

touches  the  present,  and  leaves  to  the  imagination  the 

possibilities  of  the  future,  in  the  following  words : — 

"The  manufacture  of  carbon  brushes  was  not  perfected  fif- 
teen years  ago.  It  has  improved  wonderfully  in  the  last  five 
I'ears.    The  past  two  years  have  shown  phenomenal  progress." 

From  the  foregoing  it  is  evident  that  those  most  inti- 
mately informed  in  the  art  of  brushmaking  find  the 
manufacture  and  prescribing  of  brushes  studied  and,  in 
many  instances,  enigmatical  problems.  It  is  not  surpris- 
ing, therefore,  that  manufacturers  of  electrical  ap- 
paratus, and  operators  of  their  product,  experience  dif- 
ficulties in  the  selection,  application  and  care  of  brushes 
for  their  varied  equipment. 

BRUSH    COMPOSITION 

Brushes  are  composed  principally  of : — 

Carbon, 

Carbon  and  graphite, 

Graphite   (natural), 

Electro  graphite, 

Metal  and  graphite  (metal-graphite), 

Carbon  and  wire  gauze. 

Copper  leaf. 


Carbon  is  a  non-metallic  element  found  in  all  or- 
ganic substances,  and  for  commercial  purposes  in  an- 
thracite and  other  coals  and  in  charcoal.  The  amorphous 
or  uncrystallized  form  includes  charcoal,  coke,  lamp- 
black, etc. 

Graphite  (natural),  also  known  as  black  lead  and 
plumbago,  is  a  crystalline  form  of  carbon.  It  is  found 
in  many  forms  and  is  widely  distributed,  Ceylon  being 
perhaps  the  chief  source  of  that  used  in  commerce. 

Electro  graphite  (artificial  graphite)  is  prepared 
commercially  by  heating  coke  (or  other  amorphous  car- 
bon) in  an  electric  furnace  and  converting  it  from  the 
non-graphitic  to  the  graphitic  state. 

Combinations  of  carbon,  carbon  and  graphite,  graph- 
ite, and  in  some  instances  pulverized  copper,  are  mixed 
with,  or  without,  abrasives  and  binders,  extruded  or 
pressed  into  shapes  varying  from  the  size  of  the  fin- 
ished brush,  to  blocks  and  slabs  of  many  forms  and  di- 
mensions, which  are  baked  or  burned  for  use  as  brushes. 
The  blocks  and  slabs  are  subsequently  sawed  and 
ground  into  sizes  to  suit  the  market  demands.  Brushes 
may  be  ground  to  almost  any  shape  and  can  be  fur- 
nished in  block  shape,  bare  or  copper  coated,  drilled  for, 
or  fitted  with,  shunts,  milled  to  the  angle  or  radius  to 
fit  the  commutator  or  rings,  fitted  with  caps  to  protect 
the  tops  from  the  pressure  springs  and,  if  desired, 
equipped  with  almost  any  supplied  or  specified  brush- 
lifting  clips  or  devices. 

The  baking  of  the  brush  material  is  subject  to  many 
of  the  difficulties  encountered  in  baking  or  firing  earth- 
enware. It  is  well  known  that  a  large  piece  of  crockery 
or  earthenware  is  more  difficult  to  produce  than  a  small 
piece,  the  reason  being  that  there  is  more  material  and, 
consequently,  more  likelihood  of  warping,  cracking,  etc., 
from  uneven  burning  or  firing.  The  same  troubles 
occur  with  brush  material.  It  is  obvious,  therefore,  that 
brushes  made  from  small  blocks,  bricks  or  slabs  or  car- 
bon are  more  likely  to  prove  uniformly  good,  or  homo- 
geneous, than  brushes  made  from  larger  sizes  of  the 
same  materials  and  mixings. 

""capping"  and  "coating"  brushes 
Soft  brushes  require  protection  from  the  wearing 
effect  of  the  tension  spring  hammer.  This  protection 
consists  of  a  metal  cap  which  may  cover  the  entire  top 
of  the  brush,  or  merely  that  part  upon  which  the  spring 
presses.  It  frequently  happens  that  the  resistance  be- 
tween the  brush  and  holder  is  less  than  that  between  the 
brush  and  shunt.  As  a  consequence,  the  function  of  the 
shunt  is  usurped  by  the  holder  and  the  tension  spring, 
resulting  in  the  burning  of  the  brush  sides  and  in  the 
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destruction  of  the  spring.  This  indicates  that  the  cap 
should  be  integral  with  or  attached  to  the  shunt,  or  that 
the  shunt  attachment  is  defective.  The  definite  way  to 
preclude  this  too  frequent  possibility  is  to  devise  means 
to  cause  the  shunt  to  perform  the  function  of  carrying 
the  total,  or  substantially  the  total  current  handled  by 
the  brush.  Fundamentally,  such  a  means  is  in  no  sense 
an  impossibility,  and  sooner  or  later  will,  no  doubt,  be 
put  into  practical  form.    The  sooner,  the  better. 

If  the  shunts  perform  their  function  properly  there 
is  no  electrical  reason  for  copper  coating  the  brushes 
(unless  it  be  immediately  under  the  shunt,  for  the  pur- 
pose of  improving  the  contact  between  the  shunt  and 
brush),  and  less  reason  for  the  subsequent  tinning  of  the 
copper.  In  case  the  brush  is  soft,  or  mechanically  weak, 
it  is  desirable  to  protect  it  from  mechanical  shocks, 
and  from  wear  due  to  rubbing  against  the  sides  of 
the  holders  and  against  the  brush  tension  springs.  For 
this  purpose  a  copper  or  tinned  copper  coating  is  de- 
sirable. 

TERMS   USED   IN    CONNECTION    WITH    BRUSHES 

The  following  explanations  of  a  few  of  the  more 
important  terms  used  in  connection  with  brushes  may 
prove  instructive: — 

Cantact  Drop  refers  to  the  drop  between  the  brush 
and  the  commutator.  The  contact  drop  differs  with  dif- 
ferent materials,  different  brush  pressures  and  different 
loads.  For  a  given  material  and  given  load  the  contact 
drop  decreases  with  increased  pressure  and  increases 
with  the  load.  It  varies  but  little  with  changes  in  speed 
above  2500  feet  per  minute,  and  but  little  with  tempera- 
ture changes  under  normal  conditions.  Presupposing 
that  the  brush  and  spring  pressures  are  identical,  the 
contact  drop  between  the  commutator  and  positive  brush 
differs  from  that  between  the  negative  brush  and  com- 
mutator on  any  given  machine. 

Brush  Friction — The  coefficient  of  friction  depends 
upon  the  brush  material,  brush  angle  and  commutator 
speed.  With  a  given  material  and  brush  angle,  the  co- 
efficient of  friction  increases  with  load  and  brush  pres- 
sure and,  generally  speaking,  decreases  with  increased 
commutator  speed.  Increased  temperatures,  in  actual 
practice,  justify  the  conclusion  that  the  friction  co- 
efficient increases  with  increased  temperatures. 

Specific  Resistance — The  ohmic  resistance  of  a  cube 
having  one-inch  sides. 

The  Current  Density  (or  carrying  capacity)  of  a 
brush  is  based  on  its  maximum  continuous  current  ca- 
pacity per  square  inch,  without  glowing,  honeycombing, 
undue  heating  or  sparking. 

Glozving — A  brush  is  said  to  "glow"  when  it  be- 
comes red  or  incandescent  in  spots  in  proximity  with  the 
commutator.  This  is  due  to  the  short-circuiting  current 
under  the  brush,  or  to  the  short-circuiting  current  in 
combination  with  the  working  or  kilowatt  current.  It 
may  also  be  due  to  a  lack  of  homogeneity  of  the  brush 
(hard  or  soft  spots  of  the  same  or  different  materials 
having  characteristics  foreign  to  the  material  in  the  bodv 


of  the  brush)  ;  to  incorrect  brush  position ;  to  improper 
brush  selection ;  to  selective  commutation ;  to  the  brush 
covering  too  many  bars ;  to  high  mica ;  to  the  machine 
having  inherently  poor  commutating  characteristics  due 
to  improperly  shaped  or  spaced  main  poles  or  commu- 
tating poles  ;  to  bad  commutating  pole  adjustments,  or  to 
a  poor  distribution  of  the  armature  windings.  In  the 
event  the  glowing  cannot  be  stopped  by  correcting  such 
of  the  brush  or  mechanical  troubles  as  may  exist ;  or  by 
shifting  the  brushes,  or  readjusting  the  commutating 
poles,  or  both ;  a  brush  having  higher  current  density 
values  and  less  susceptible  to  the  effects  of  high  voltages 
between  the  commutator  bars  should  be  installed.  If  a 
suitable  brush  cannot  be  had,  the  design  of  the  machine 
itself  may  be  subject  to  modification. 

Honeycombing — When  brushes  gradually  burn  away, 
forming  small  craters  in  their  faces,  they  are  said  to 
"honeycomb."  This  is  due  to  continuous  sparking  of  a 
more  or  less  hidden  nature  and  may  be  either  a  slow  or 
rapid  nature.  If  the  growth  is  slow,  it  is  sometimes 
possible  to  correct  it  by  increasing  the  brush  pressure, 
thereby  decreasing  the  contact  drop  and  the  contact 
arcing,  and  at  the  same  time  increasing  the  abrasive 
effect  of  the  brush  and  grinding  away  the  minute 
craters  as  they  form.  Honeycombing  is  due  to  the  same 
causes,  on  a  reduced  scale,  as  glowing,  and  at  times  both 
may  take  place  simultaneously  on  the  same  machine. 
Honeycombing  has  been  traced  directly  to  high  mica,  in 
combination  v^fith  loose  commutators ;  also  to  improperly 
spaced  main  poles ;  and  unequal  air  gaps ;  and  in  non- 
commutating-pole  machines,  to  an  abnormal  shifting  or 
distorting  of  the  magnetic  flux.  The  trouble  is  most  fre- 
quently corrected  by  substituting  a  more  highly  refrac- 
tory brush  possessing  abrasive  characteristics. 

Hardness — Brushes  have  widely  varying  physical 
densities — some  being  very  hard,  others  very  soft.  Very 
hard  brushes  usually  carry  a  large  amount  of  abrasive 
and  have  a  low  current  density  or  carrying  capacity. 
The  softer  brushes  are  more  highly  graphitic,  carry 
abrasive  to  a  limited  extent  only  and  have  a  high  current 
density.  The  hardness  or  scleroscope  reading  is,  there- 
fore, indicative  to  a  limited  degree  of  the  character  of 
the  brush. 

Brush  Inertia  has  to  do  with  the  weight  of  the  brush. 
The  lighter  the  brush,  the  more  readily  will  it  follow  the 
irregularities  of  the  rotating  element,  and  the  more 
promptly  will  it  respond  to  a  given  spring  pressure. 
Again,  the  wearing  on  the  commutator  may  not  prove  so 
great.  If  a  light  and  a  heavy  brush  prove  equally  satis- 
factory electrically  on  a  machine,  the  lighter  brush  is 
preferable.  If  the  materials  from  which  brushes  are 
made  are  heavy,  it  is  advisable  to  have  an  increased 
number  of  small  brushes,  rather  than  a  limited  number 
of  large  brushes ;  also  the  spring  pressures  should  be  in 
excess  of  the  pressures  on  lighter  brushes  having  the 
same  dimensions,  and  used  for  the  same  service. 

Refractory — Any  material  which  resists  the  ordinary 
methods  of  reduction  is  said  to  be  refractory.  A  brush, 
therefore,  which  resists  wholly,  or  to  a  marked  degree, 


THE    ELECTRIC   JOURNAL 


265 


hiijh  temperatures,  such  as  the  heat  generated  by  an  elec- 
tric arc,  is  said  to  be  highly  refractory. 

Peripheral  Speed  is  the  speed  in  feet  per  minute  of 
the  face  of  the  commutator  or  slip  ring.  Peripheral 
speeds  which  vary  greatly  require  brushes  having  differ- 
ent characteristics.  Generally  speaking,  carbon  brushes 
are  not  so  suitable  for  high  peripheral  speeds  as  graphite 
brushes. 

BRUSH    SELECTION 

In  the  selection  of  brushes  for  commutators  and  slip 
rings  there  are  several  important  governing  factors. 
Among  those  of  ranking  importance  are  the  follow- 
ing:— 

I — The  brush  should  possess  such  characteristics  as 
will  enable  it  to  carry  the  maximum  current  to  be  trans- 
mitted by  it.  This  maximum  current  consists  of  two 
factors  for  either  direct-current  or  alternating-current 
use,  viz : — 

a — The  kilowatt,  load  or  working  current  of  the  machine, 
whether  direct  or  alternating. 

b — The  short-circuiting  current  between  the  bars  being 
commutated  in  direct-current  service,  and  the  magnetizing  cur- 
rents due  to  power  factors  above  or  below  unity  in  alternating- 
current  service. 

The  kilowatt  load  or  working  current  is  readily 
measured  or  determined  in  terms  of  either  direct  cur- 
rent or  alternating  current  and  for  alternating-current 
service  the  magnetizing,  wattless  or  idle  currents  can 
also  be  definitely  measured  or  calculated.  The  short- 
circuiting  current  under  the  brush,  however,  is  a  very 
indefinite  factor  and  may  have  values  ranging  from  ap- 
proximately zero  in  a  machine  having  ideal  commutat- 
ing  characteristics  to  values  in  excess  of  the  load  or 
metered  current  in  machines  having  poor  commutating 
characteristics.  Brushes,  therefore,  may  be,  and  gener- 
ally are,  subjected  to  loads  greatly  in  excess  of  the  load, 
or  kilowatt,  current. 

Anent  the  short-circuiting  current  under  the  brush : — 
A  direct-current,  non-commutating  pole  generator  was 
designed  for,  and  sold  with,  a  given  rating,  the  rating 
being  in  excess  of  the  immediate  demands.  As  the  de- 
mands increased,  armature  temperatures  became  abnor- 
mal and  commutating  troubles  expanded.  It  was  impos- 
sible to  commutate  within  many  kilowatts  of  the  name- 
plate  rating.  A  local  concern  proposed  to  make  the  ma- 
chine deliver  its  full-load  rating  for  a  given  sum,  with 
the  further  understanding  that  a  bonus  of  so  much  per 
kilowatt  was  to  be  paid  for  each  kilowatt  output  in  ex- 
cess of  the  machine's  one  hundred  percent  rated  ca- 
pacity. In  the  event  of  failure  no  money  was  to  be 
paid.  The  proposition  being  accepted,  several  modifica- 
tions were  resorted  to,  the  principal  one  being  that  of 
"trimming"  or  "beveling"  the  poles.  In  time  the  ma- 
chine was  groomed  for  the  bonus ;  the  test  followed, — • 
also  a  failure.  The  machine  not  only  failed  to  deliver 
its  full-load  rating,  but  persisted  in  dangerous  tempera- 
tures. A  friendly  engineer  was  consulted,  who  with  a 
flight  of  surprising  intelligence  for  a  man  of  his  profes- 
sion, suggested  that  the  brushes  be  slotted,  parallel  with 
the  commutator  bars,  and  to  a  depth  of  an  inch  or  more. 


The  output  jumped;  temperatures  dropped;  the  repair 
concern  collected  its  bill,  plus  a  bonus,  and  the  friendly 
engineer  stood  modestly  by,  with  satisfaction  for  his 
portion.  This  is  not  a  fanciful  sketch,  but  a  fact,  and 
illustrates  the  unknown  which  is  taking  place  to  a 
greater  or  less  degree  under  all  commutating  brushes. 

2 — -The  brush  should  be  homogenous,  i.  e.,  it  should 
be  uniform  in  material,  mixture  and  hardness  (free 
from  hard  and  soft  spots. 

3 — Brushes  for  either  alternating  or  direct-current 
use  should  be  self -lubricating.  Experience  shows,  how- 
ever, that  the  vast  majority  of  brushes  require  lubrica- 
tion. In  many  instances  brushes  are  "treated"  by  the 
makers,  i.  e.,  they  are  impregnated  with  certain  lubri- 
cating oils,  greases  or  compounds,  in  order  to  make 
them  self-lubricating,  or  as  nearly  self-lubricating  as 
possible.  Generally  speaking,  the  permanency  of  such 
treatment  is  problematical,  inasmuch  as  the  lubrication 
frequently  volatilizes,  or  drains  from  the  brushes,  leav- 
ing the  brush  practically,  if  not  entirely,  in  its  dry  state. 

4 — For  undercut  commutators  the  brush  material 
should  be  entirely,  or  to  a  great  degree,  free  of  abrasive 
(that  is,  of  certain  cutting  compounds  or  mixings  which 
are  added  to  the  brush  material  to  scour  or  polish),  or 
the  commutator  will  wear  too  fast,  bridge  the  slots,  ne- 
cessitate frequent  beveling  of  the  bars,  repeated  under- 
cutting and  constant  cleaning. 

5- — For  smooth  commutators  with  soft  mica  a  larger 
percentage  of  abrasive  is  desirable  than  in  brushes  for 
undercut  mica. 

6 — For  smooth  commutators  with  hard  mica  brushes 
should  be  highly  abrasive.  This  usually  means  a  de- 
creased brush  capacity  and  decreased  lubricating  values, 
although  it  is  claimed  for  some  brushes  that  proper 
abrasive  efifect  is  secured  by  hardening  under  enormous 
pressures,  no  abrasives  being  used. 

7 — For  alternating  current  or  slip  rings  the  brushes 
should  be  as  nearly  self-lubricating  as  possible  and 
should  wear  themselves  rather  than  wear  or  cut  the 
rings.  These  brushes  may  be  of  metal  graphite  compo- 
sition or  of  a  graphitic  nature  only.  If  of  metal  graphite 
they  should  not  wear  so  as  to  form  a  continuous 
"fringe"  or  "wire  edge"  along  the  sides  of  the  brushes 
at  the  rings,  but  should  be  of  a  mixture  sufficiently 
granular  to  disintegrate  and  break  away  in  small  parti- 
cles. The  "fringe"  or  "wire  edge"  has  been  known  to 
form  and  break  away  from  the  brush  in  full  brush  con- 
tact lengths,  falling  so  as  to  bridge  to  adjacent  rings  and 
cause  disastrous  flash-overs. 

DIRECT-CURRENT    BRUSH    .APPLICATION 

After  selection,  the  success  or  failure  of  a  brush 
may  be  directly  due  to  its  application.  This  may  be 
traceable  to  the  following  causes : — 

I — The  angle  at  zvhich  the  brush  is  set.  It  is  true 
that  certain  types  of  machines  which  are  subject  to  fre- 
quent reversals,  such  as  mill  motors  and  street  railway 
motors,  may  be  said  to  automatically  fix  the  brush  posi- 
tion as  radial,  or  practically  radial.  In  the  case  of  rail- 
way motors  this  is  perhaps  the  universal  practice.    This 
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does  not  mean,  however,  that  if  set  at  some  angle,  say 
15  or  20  degrees,  or  even  a  greater  angle,  the  average 
results  might  not  be  as  good,  if  not  better,  than  the 
radial  setting.  When  machines  are  not  subject  to  re- 
versals, the  proper  angle  will  depend, — 

a — Upon  whether  the  rotation  is  against  the  toe  or 
against  the  heel.  (By  "toe"  is  meant  the  point  of  the 
brush,  or  the  side  having  the  acute  or  small  angle.  The 
"heel"  is,  therefore,  the  side  having  the  larger  angle. 
This  is  independent  of  rotation).  If  against  the  toe,  the 
angle  may  be  as  great  as  35  degrees  or  more,  but  above 
35  degrees  the  toe  becomes  very  sharp  and  mechanically 
weak.  This  point,  therefore,  must  be  guarded  against. 
If  against  the  heel,  the  angle  may  be  from  12  degrees  to 
25  degrees.  In  instances  where  the  brush  touches  more 
bars  than  required  the  sharp  toes  can  be  beveled  of?, 
thereby  reducing  the  brush  contact  and  the  short-circuit- 
ing current  under  the  brush,  and  at  the  same  time  in- 
creasing the  mechanical  strength  of  the  brush.  Whether 
running  against  toe  or  heel,  it  is  good  practice  to  round 
off  the  sharp  or  knife  edge  of  the  toe.  This  reduces 
the  possibility  of  the  knife-like  edges  digging  into  the 
commutator  in  case  the  brushes  jam  or  become  tight  in 
their  holders,  and  at  the  same  time  protects  against 
brush  breakage. 

b — Upon  the  friction  coefficient  of  the  brush.  This 
factor  is  a  decidedly  variable  one,  being  influenced  not 
only  by  the  inherent  characteristics  of  the  brush,  but 
also  by  the  glazing  of  the  contact  face  of  the  brush,  the 
varying  brush  temperatures  due  to  load  and  spring  pres- 
sure, and  the  condition  of  the  commutator — whether 
smooth  or  undercut,  hot  or  cold,  or  in  good,  poor  or  bad 
mechanical  condition.  As  a  rule,  bad  mechanical  con- 
ditions can  be  eliminated  by  properly  seasoning  the  com- 
mutators and  keeping  them  practically  round,  smoofli 
and  free  from  high  mica.  The  other  influences,  how- 
ever, are  permanent,  although  they  may  be,  in  a  meas- 
ure, modified  by  finding  a  more  suitable  brush  angle. 

2 — Brushholders — Brushholders  van.'  widely  in  de- 
sign. There  is  no  universal  holder.  If  the  commutator 
or  slip  ring  speed  is  low,  a  holder  having  a  sluggish 
spring  and  slow  action  will  give  entirely  satisfactory 
results ;  such  a  holder  on  a  high-speed  machine  may  fail 
miserably.  High  speeds  require  quickness  of  action  on 
the  part  of  the  brush.  This  means  a  sensitive  quick- 
acting  spring  and  a  holder  designed  to  aid  the  spring. 
A  high-speed  holder  may  give  excellent  results  on  low- 
speed  machines ;  but  a  low-speed  holder  is  not  likely  to 
approach  even  fair  results  on  high-speed  machines. 
Brushholders  should  be  designed  to  meet  specified  con- 
ditions, not  merely  designed  to  cheapen  manufacture. 
Money  is  intelligently  and  economically  invested  when 
invested  in  well-designed,  capable  holders,  but  utterly 
wasted  when  "soaked"  in  flimsy  substitutes.  Much  de- 
pends upon  the  type  of  brushholder.  Certain  funda- 
mental requirements  are  often  too  indififerently  re- 
garded. Brushholders  must  be  stable,  and  should  be 
built  on  lines  conforming  closely  to  the  lines  of  the 
brush  as  it  will  appear  when  in  service. 


The  box,  or  part  holding  the  brush,  snouid  be  as 
nearly  a  full  box  as  possible.  To  accomplish  this,  the 
shunt  attachment  (and  brush-lifting  clips  when  used) 
must  be  flush  with  the  face  of  the  brush,  and  the  pres- 
sure spring  so  designed  as  to  give  maximum  brush  wear 
without  necessitating  too  great  slotting  or  cutting  away 
of  the  holder  on  the  sides.  Whether  the  rotation  is 
against  the  toe  or  against  the  heel,  both  the  toe  and  heel 
sides  of  the  holders  should  have  approximately  equal 
areas  for  the  support  of  the  brushes.  It  is  obvious  that 
the  shorter  the  box,  the  greater  will  be  the  shifting 
movement  of  the  brush  on  the  commutator  due  to  loose- 
ness in  the  holder ;  and  the  deeper  the  bo.x,  the  less  will 
be  the  shifting.  From  this  it  follows  that  the  boxes 
should  not  be  too  short,  nor  should  the  brushes  be  too 
loose  in  the  boxes. 

It  is  an  established  fact  that  with  even  very  slight 
play  in  the  holder  the  changing  brush  friction  due  to 
load,  temperatures,  etc.,  will  result  in  a  changing  rela- 
tion between  the  brush  and  the  commutator,  and  thereby 
cause  changing  and  misleading  brush  drops  from  day  to 
day.  This  accounts  for  the  difficulty  in  verifying,  on 
different  days,  brush  drops,  although  the  loads  may  be 
identical.  The  neutral  does  not  change,  but  the  relation 
of  brush  contact  to  commutator  does  change,  and  the 
brush  drops  vary  accordingly. 

Another  explanation  for  the  changes  which  take 
place  in  brush  drops  is  that  when  brushes  have  been 
freshly  "sand-papered"  or  "ground  in"  the  surfaces  have 
unglazed  or  soft  faces,  the  brush  drops  being  influenced 
by  the  porous  condition  of  the  faces,  and  the  lubricating 
values  of  the  particles  liberated  during  the  time  the 
brush  face  is  seating  itself  to  the  commutator.  During 
this  period  the  commutation,  with  certain  kinds  of 
graphitized  brushes,  may  be  much  better  than  after  the 
glaze  or  permanent  surface  forms  on  the  brush.  Drops 
taken  during  this  time  may  not  be  the  same  as  drops 
taken  after  the  brush  is  "faced  up"  and  may  prove  seri- 
ously misleading.  Definite  or  reasonably  permanent 
drop  values  are,  as  a  rule,  to  be  had  only  after  the  brush 
faces  have  reached  a  fixed  condition. 

From  the  foregoing  it  is  obvious  that  brushes  should 
fit  snugly,  but  not  tightly,  in  the  holders ;  also  that  there 
are  certain  relative  dimensions  which  are  preferable  be- 
tween the  brushes  and  holders  and  which  must  not  be 
ignored  if  the  best  results  are  to  be  obtained.  For  in- 
stance, the  side  of  the  holder  in  the  direction  of  rotation 
should  not  have  less  area  than  the  lagging  side.  In  fact, 
the  side  against  which  the  brush  presses  should  have 
preferably  a  greater  area  than  the  opposite  side — cer- 
tainly not  less  area.  With  a  limited  area  to  oppose  the 
brush,  movement  of  the  brush  in  the  holder,  due  to 
looseness,  oscillation  and  imperfect  relations  between  the 
brush  and  commutator,  accentuates  the  change  in  the 
angle  of  contact,  and  results  in  poor  commutation,  as 
well  as  in  mechanical  and  electrical  damage  to  that  part 
of  the  brush  in  contact  with  the  holder. 

If  a  brush  is  thin  its  length  and  holder  contact  should 
be  greater  than  if  it  is  thick,  for  the  reason  that  the 
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thinner  the  contact  area  on  the  commutator,  the  less 
stable  will  be  the  brush  on  the  commutator,  and  the 
greater  will  be  the  need  of  support  from  its  holder.  To 
illustrate: — If  the  brush  contact  is  a  knife  edge,  serious 
chattering  may  result  and  there  may  be  a  maximum  of 
instability,  but  if  the  knife  edge  be  gradually  removed 
the  brush  will  become  increasingly  stable  as  the  thick- 
ness of  the  brush  contact  increases,  and  if  the  brush 
angle  is  correct  the  maximum  stability  will  be  reached 
when  the  brush  has  its  greatest  thickness  in  contact  with 
the  commutator.  It  stands  to  reason,  therefore,  that  the 
greater  the  area  due  to  thickness,  the  more  stable  will  be 
the  brush  on  the  commutator,  regardless  of  the  holder, 
and  that  as  a  consequence  a  holder  for  a  thick  brush 
might  not  prove  at  all  suitable  for  a  thin  brush,  the 
speeds  being  equal.  If,  however,  there  is  the  same 
amount  of  lost  motion  in  the  holders  for  a  given  length 
of  thin  brush  and  thick  brush,  and  the  brush  angle  is 
such  that  the  thick  brush  moves  its  maximum  in  the 
holder,  then  the  thick  brush  will  show  a  greater  change 
in  its  relation  to  the  commutator  than  the  thin  brush. 
The  thick  brush,  however,  will  not  be  so  likely  to  shift 
its  maximum  shift  on  account  of  its  bearing  surface 
being  greater  than  the  bearing  surface  of  the  thin  brush. 
In  other  words,  it  rests  on  a  greater  area. 

3 — Brush  pressure  depends  upon  the  character  of 
brush,  the  commutator  speed  in  feet  per  minute,  and  the 
mechanical  condition  of  the  commutator.  Broadly  speak- 
ing, it  varies  from  two  to  five  pounds  per  square  inch, 
the  pressures  generally  used  being  from  2.5  to  3.5 
pounds  on  commutators  and  from  three  to  five  pounds 
on  slip  rings.  If  there  is  a  tendency  for  the  commutator 
to  burn,  this  can  at  times  be  corrected  by  increasing  the 
pressure,  and  thereby  increasing  the  abrasive  effect  of 
the  brush  sufficiently  to  scour  out  the  burning  and  main- 
tain a  polished  surface.  When  the  mica  is  not  undercut 
the  brush  should  have  sufficient  abrasive  effect  not  only 
to  scour  out  possible  burning  of  the  commutator  bars, 
but  also  to  wear  and  keep  the  mica  flush  with  the  com- 
mutator bars. 

Spring  Balances  or  Scales — Much  is  heard  of  the  use 
of  scales  or  spring  balances  to  determine  brush  pres- 
sure. The  use  of  such  devices  may  result  in  mental 
relief,  but  very  few  machines  benefit  on  account  of  them. 
Unless  all  brushes  are  equally  free  in  their  holders  the 
pull  on  the  balances  will  differ,  and  unless  the  angle  of 
pull  is  the  same  on  each  brush  the  results  will  differ.  It 
is  doubtful  if  any  two  men  under  the  most  favorable 
conditions  would  agree  within  reasonable  limits  as  to  the 
measured  pressure,  provided  they  were  ignorant  of  the 
other's  efforts.  It  is  only  with  the  most  careful  atten- 
tion to  details  that  measured  brush  pressures  are  to  be 
depended  upon.  Again,  the  running  pressure  will  vary 
more  or  less  from  the  idle  pressure,  the  reasons  being 
obvious. 

The  above  comments  are  not  for  the  purpose  of  dis- 
crediting the  use  of  scales  or  balances  so  much  as  to 
bring  out  the  necessity  for  using  them  properly,  if  they 
are  to  be  used  at  all. 


4 — Mixing  Brushes — Brushes  having  dift'erent  char- 
acteristics should  not  be  mixed  on  the  same  arm.  In 
rare  instances  the  use  of  brushes  of  one  type  on  all  of 
the  arms  of  a  given  polarity  and  of  a  different  type  on 
all  of  the  arms  of  the  opposite  polarity  is  permissible. 
This  application  is  desirable  when  both  abrasive  and 
lubricating  action  is  required,  or  when  the  electrical 
characteristics  under  the  brushes  differ  greatly  on  arms 
of  opposite  polarity,  due  to  a  lack  of  electrical  or  me- 
chanical symmetry  in  the  design  of  the  machine.  This 
lack  of  symmetry  may  be  such  as  to  result  in  brush 
drop  variations  between  brushes  of  opposite  polarities 
of  sufficient  importance  to  warrant  the  use  of  brushes 
having  dift'erent  characteristics  on  the  opposite  arms. 

Again,  there  are  machines  on  which  graphite  brushes 
for  lubricating  purposes  may  be  installed  to  advantage. 
Such  brushes  should  be  spiraled  around  the  commutator 
so  as  to  cover  the  entire  surface  and  at  the  same  time 
keep  the  kilowatt  output  balanced  as  nearly  as  possible 
between  the  several  arms.  These  brushes  should  not 
have  shunts.  The  less  electrical  work  they  do,  the 
greater  will  be  their  lubricating  value. 

There  are  also  machines  on  which  highly  abrasive 
brushes  (installed  as  indicated  for  the  lubricating 
brushes)  may  be  installed  to  advantage  for  the  sole  pur- 
pose or  scouring  or  polishing  the  commutator  and  keep- 
ing the  mica  ground  flush  with  the  commutator  bars. 

5 — Staggering  Brushes — As  a  rule,  it  is  good  prac- 
tice to  stagger  the  brushes,  that  is,  the  brushes  on  the 
several  arms  should  not  trail,  or  cover  the  same  section 
of  the  commutator.  Staggering  is  done  to  cause  the 
commutator  to  wear  evenly,  that  is,  to  keep  the  com- 
mutator from  ridging ;  and  should  be  done,  theoretically, 
in  pairs  of  arms  (not  alternate  arms),  that  is,  one  posi- 
tive with  one  of  its  adjacent  negative  arms  should  trail, 
but  the  next  pair  of  arms  should  be  set,  if  possible,  to 
the  right  or  left  of  the  initial  pair,  half  the  distance  lat- 
erally between  brush  centers.  The  third  pair  should 
trail  the  first  pair ;  the  fourth,  the  second,  and  so  on. 

Bearing  in  mind  that  (in  the  case  of  a  generator)  the 
positive  brush  is  negative  to  the  commutator,  and  the 
negative  brush  positive  to  the  commutator  (the  opposite 
being  true  in  the  case  of  the  motor),  and  that  the  two 
polarities  affect  the  commutator  differently,  it  should  at 
once  be  appreciated  why,  theoretically,  alternate  arms 
should  not  be  staggered. 

Ample  evidence  of  the  desirability  of  staggering  in 
pairs  is  available.  One  proof,  however,  is  sufficient  here. 
Certain  kinds  of  brushes  pick  up  copper.  If  both  posi- 
tive and  negative  brushes  pick  up  copper,  it  may  be 
either  a  purely  mechanical  condition,  or  a  combination 
of  the  mechanical  with  the  electrical.  If  only  one 
polarity  picks  copper  it  will  be  the  positive  brush,  and  is 
an  electrical  condition.  This  indicates  that  the  positive 
brush  has  a  greater  wearing  effect,  due  to  electrolytic  or 
kindred  influences  (such  as  is  evidenced  in  the  deposits 
resulting  from  other  arcing,  the  "building  up"  being-  on- 
the  negative  electrode),  than  the  negative,  and  that  if  all 
positive  brushes  trail  the  commutator  will  wear,  or  tend 


268 


THE    ELECTRIC   JOURNAL 


to  wear,  more  seriously  under  them  than  under  the  nega- 
tive brushes.  Staggering  in  pairs  equalizes  this  wear. 
It  is,  of  course,  understood  that  in  the  case  of  motors 
the  opposite  is  true. 

In  view  of  the  added  shop  complications  in  the 
manufacture  of  brushholder  arms  for  staggering  in 
pairs  (requiring  four  standards  of  arms),  as  opposed  to 
staggering  alternately  (requiring  but  two  standards  of 
arms),  it  has  not  been  considered,  practically  speaking, 
worth  while  to  adopt  generally  the  four  standards. 
There  are,  however,  instances  in  which  the  theoretically 
correct  method  is  desirable.  Such  cases  are  evidenced 
by  abnormal  wearing  and  ridging  of  the  commutators. 
The  present  practice  is,  as  a  rule,  to  stagger  alternate 
arms.  There  are  isolated  instances  in  which  it  is  claimed 
that  it  is  advantageous  to  have  all  the  brushes  trail,  but 
results  contradict  this  practice  as  being  generally  appli- 
cable. 

6 — Selective  Commutation — There  is  but  one  direct- 
current  machine  in  which  the  brushholder  arms  carry 
equal  currents.  Obviously,  this  is  the  bipolar  or  two- 
pole  machine,  or  its  equivalent,  the  four-pole  machine 
having  but  two  brushholder  arms.  Selective  commuta- 
tion exists  between  different  arms  to  the  same  propor- 
tional extent  that  it  exists  between  different  individual 
brushes  on  individual  arms.  For  this  reason  the  spacing 
of  the  brush  arms  should  be  electrically  correct;  the 
brushes  should  be  of  one  grade  (at  least  for  each  polar- 
ity) ;  the  brush  shunts  should  be  identical,  and  the  con- 
tact pressure  uniform.  It  is  at  once  possible  to  shift  the 
load  between  different  brushholder  arms  by  increasing 
or  decreasing  the  brush  pressures,  or  in  any  other  way 
increasing  or  decreasing  the  resistance  in  the  circuit  of 
any  given  arm.  In  short,  keep  the  resistance  of  the  cir- 
cuits comprehended  in  the  several  arms  as  nearly  bal- 
anced as  possible. 

CARE  OF   BRUSHES 

Superficially,  the  care  of  brushes  is  simple  enough, 
but,  in  fact,  quite  the  contrary  is  true.  Properly  selected 
and  applied  brushes  may  fail  on  account  of  neglect, 
while  improperly  selected  and  applied  brushes  may  ren- 
der acceptable  service  if  given  intelligent  care.  Proper 
care  of  the  brushes  and  brush  rigging  is  a  fundamental 
of  good  commutation,  and  of  a  prolonged  life  for  both 
commutator  and  brushes.  Operators  of  electrical  ap- 
paratus are  directly  responsible  for  the  majority  of  their 
commutating  troubles,  although  the  manufacturer  is  fre- 
quently held  to  account.  There  are,  on  the  other  hand, 
a  few  (a  very  few)  who  give  such  superior  attention  to 
their  brushes  that  inherent  brush  and  machine  evils  are 
rarely  permitted  to  assert  themselves.  The  following 
practices  will  more  than  justify  the  effort: — 

I — Keep  the  brushes  clean.  Both  direct  and  alter- 
nating-current brushes  get  dirty — ^become  coated  with 
carbon  and  copper  dust,  which  packs  between  the  brush 
and  holder  and  jams  or  "freezes"  the  brush  in  the 
holder.  This  frequently  results  in  broken  brushes,  a 
gouged  commutator,  or  both,  concluding  with   a   "flat 


spot,"  and  necessitating  the  grinding  or  turning  of  tht 
commutator.  The  commutator  is  blamed ;  the  brush  did 
the  damage ;  negligence  was  the  cause. 

2 — Have  the  spring  pressure  uniform.  Otherwise, 
the  brushes  will  commutate  unequal  currents ;  overload 
some  and  underload  others ;  overwork  some  shunts  and 
underwork  others ;  cause  an  excessive  flow  of  current 
between  the  overloaded  brush  and  holder,  and  brush 
and  spring ;  burn  the  sides  and  tops  of  the  brushes,  and 
destroy  the  pressure  springs.  This  unbalanced  effect  of 
brush  work  is  sometimes  known  as  "selective  commuta- 
tion"—not  so  descriptive  a  term  perhaps  as  "unbalanced 
commutation,"  "unequal  commutation,"  or  possibly 
some  other,  which  might  have  been  selected.  However, 
after  the  meaning  of  a  term  is  understood,  it  matters 
very  little  what  the  spelling  is. 

3 — Fit  the  brushes  to  the  commutator  properly,  dis- 
regarding looks,  and  there  is  nothing  "easy"  about 
"grinding  in"  or  "sandpapering"  brushes.  This  appar- 
ently simple  performance  requires  patience,  care  and 
judgment.  Too  much  haphazard  indifference  is  exer- 
cised in  the  seemingly  simple  act  of  making  the  brush 
face  conform  to  the  commutator  surface.  Examine  in- 
discriminately the  faces  of  the  brushes  on  a  few  ma- 
chines. The  chances  are  that  the  brushes  on  nine  out  of 
ten  of  them  will  show  imperfect  brush  contact  surfaces  ; 
two  or  more  contact  faces  may  be  clearly  discernible  on 
a  single  brush ;  one  or  more  corners  may  be  ground 
away ;  the  heels  or  toes,  or  both,  may  be  "nosed"  off ; 
or  perhaps,  worse  still,  the  faces  may  show  compara- 
tively large  areas  of  inactive  surfaces.  When  "grinding 
in"  brushes  keep  the  sandpaper  against  the  commutator. 
Do  not  allow  it  to  "belly,"  "bow"  or  "buckle,"  unless 
convinced  that  cornerless,  heelless,  toeless,  ball  and  cyl- 
inder faced  brushes  are  the  proper  things.  Knowledge 
of  what  is  being  done,  and  why,  is  necessary  for  most 
men  if  their  interested  efforts  are  to  be  expected.  The 
average  man  if  told  why  will  learn  how,  but  only  a  few 
learn  both  why  and  how  for  themselves. 

When  a  new  set  of  brushes  is  installed  it  is  fre- 
quently possible  to  purchase  in  the  local  market  sand- 
paper, or  garnet  paper,  or  their  equivalents  (these 
papers  are  made  in  rolls  of  25  to  50  yards,  or  more),  in 
any  lengths  required  to  go  around  a  commutator.  It 
should  have  a  lap  of  several  inches  and  be  so  mounted 
on  the  commutator  as  to  preclude  the  lapped  end  butting 
against  the  brushes  when  the  machine  is  rotated  for 
grinding.  \\'ith  many  commutators  the  friction  be- 
tween the  commutator  bars  and  sandpaper  (if  the  paper 
is  taut)  will  sufifice  to  keep  the  paper  from  slipping, 
especially  if,  when  starting,  the  paper  is  given  a  pull  in 
the  direction  of  rotation  by  the  operator.  If  the  paper 
persists  in  slipping  use  a  little  glue  to  stick  the  under  end 
of  the  paper  at  the  lap  to  the  commutator.  .\11  traces 
of  the  glue  must  be  removed  from  the  bars  before  put- 
ting the  machine  into  service. 

A  second  method  is  to  remove  the  middle  brush  on 
each  arm  and  bind  the  paper  to  the  commutator  by  run- 
ning tape  or  string  entirely  around  the  periphery.     If 
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necessary,  also  bind  the  paper  at  the  inner  and  outer 
ends  of  the  commutator. 

After  the  paper  is  anchored  the  commutator  may  be 
rotated  by  hand,  or  in  any  convenient  way.  Great  care 
must  be  exercised  in  "grinding  in"  brushes  in  this  way, 
as  the  cutting  is  very  rapid,  especially  with  soft  brushes, 
and  much  of  the  life  of  the  brush  may  be  ground  away 
in  a  very  few  revolutions.  If  after  the  brushes  have 
been  surfaced  in  the  above  manner,  the  trailing  edge 
shows  a  poor  seat  on  account  of  having  had  to  mount 
the  ridge  due  to  the  lap  in  the  paper,  a  final  surfacing 
should  be  done  with  very  fine  sandpaper  by  hand.  The 
foregoing  method  is  particularly  desirable  when  a  ma- 
chine has  very  hard  brushes,  or  a  large  number  of  soft 
brushes.  It  is  a  great  time-saver  after  the  knack  of  ap- 
plying and  anchoring  the  paper  is  understood. 

With  slip  rings,  if  carbon  or  graphite  brushes  are 
used,  the  same  general  scheme  is  applicable,  but  if  metal 
graphite  brushes  are  used,  emery  cloth,  or  its  equivalent, 
is  preferable. 

There  are  those  who  advocate  and  those  who  practice 
pulling  the  grinding  paper  in  the  direction  of  rotation 
in  order  to  more  accurately  surface  the  brush.  This 
seems  logical  enough  on  first  thought,  but  inasmuch  as 
the  commutator  is  not  in  motion  when  the  brushes  are 
surfaced  in  this  manner  there  is  no  assurance  that  the 
brush  will  bear  the  same  relation  to  its  holder  (and 
therefore  to  the  commutator)  when  the  commutator  is 
rotating  and,  consequently,  no  assurance  that  the  contact 
will  remain  fixed.  This  perhaps  explains  why  brushes 
frequently  show  perfect  contact  when  idle,  but  poor  con- 
tact when  in  service.  Generally  speaking,  this  method 
of  f  tting  the  brushes,  therefore,  is  not  necessarily  more 
dependable  than  other  methods,  thoiigh  in  proven  in- 
stances it  is  to  be  commended. 

4 — It  is  important  that  the  brushholders,  whether  for 
direct  or  alternating-current  use,  be  neither  too  close  to 
nor  too  far  from  the  commutator  or  slip  rings.  A  suita- 
ble distance  is  from  three-sixteenths  to  one-quarter  of 
an  inch. 

5 — If  the  brushes  are  copper-coated,  the  coating 
should  not  be  allowed  to  come  in  contact  with  the  com- 
mutator or  slip  rings.  This  means  that  as  the  brushes 
wear  the  copper  coating  should  be  scraped  back  and  not 
allowed  to  extend  below  the  brushholder  box.  With 
proper  shunts  there  should  be  no  need  for  copper  coat- 
ing from  an  electrical  standpoint,  although  for  mechan- 
ical reasons  it  may  be  desirable  as  a  protection  for  soft 
or  structurally  weak  brushes. 

6 — If  the  toe  of  the  brush  is  very  sharp  it  is  good 
practice  to  "nose  ofif"  the  knife  edge.  This  reduces 
breakage  and  militates  against  gouging  into  the  com- 
mutator. 

SHUNTS 

The  function  of  the  shunt  is  to  carry  either  the  major 
part  of  the  current  collected,  or  all  of  it,  preferably  all 
of  it.  The  ultimate  of  shunt  application  is  a  combination 
of  brush,  shunt  and  terminal,  zvhich  zvill  cause  the  shunt 
to  carry  the  maximum  current  required  between   the 


brush  and  machine  terminals;  and  until  this  consumma- 
tion is  realised  manufacturers  and  users  of  electrical 
apparatus  must  expect  to  pay  liberally,  not  only  for  dam- 
age to  their  brushes  caused  by  the  current  by-passing  the 
shunt,  but  also  for  frequent  damage  to  their  brush- 
holders  and  brush  pressure  springs. 

Shunts  of  today  are  made  of  many  hair-like  strands 
of  loosely  twisted,  braided,  woven  or  plaited  copper,  the 
object  being  to  secure  the  maximum  flexibility  consist- 
ent with  mechanical  strength  and  current-carrying  ca- 
pacity, current-carrying  capacity  being  of  first  impor- 
tance. The  size  and  number  of  shunts  for  each  brush 
is  governed  by  the  current  to  be  carried,  the  mechanical 
strength  required,  and  the  type  of  brushes  and  holders 
to  be  equipped.  There  may  be  from  one  to  four,  or  even 
more,  shunts  per  brush.  If  shunts  are  to  be  subjected  to 
the  efifects  of  chlorine  or  other  deteriorating  gases  they 
may  be  protected  by  a  "tinning"  process,  which  in  no 
wise  afl^ects  their  flexibility.  This  is  of  particular  value 
to  chemical  plants  operating  electrical  apparatus.  Shunts 
are  attached  to  brushes  in  a  few  acceptable  and  in 
numerous  nefarious  ways ;  but,  in  general,  two  distinct 
methods  are  practical : — 

a — Assembled  with  terminals  independent  of  the 
brush  and  bolted  or  screwed  to  the  brush.  Shunts  made 
in  this  way  can  be  attached  or  unattached  at  will  and 
used  on  one  or  more  sets  of  brushes,  and  can  be  readily 
replaced  if  damaged  or  broken.  The  contact  between 
the  brushes  and  shunts,  however,  is  likely  to  vary 
greatly  and  selective  commutation  result.  With  low 
density  and  cheap  brushes  this  type  of  shunt  was  de- 
sirable, for  the  reason  that  the  cost  of  the  shunt  fre- 
quently equaled  that  of  the  brush.  This  relationship, 
however  (except  in  the  case  of  special  and  very  small 
brushes),  has  practically  ceased  to  exist.  At  the  present 
time  the  cost  of  the  shunt  is  relatively  small,  compared 
to  the  cost  of  high-density  brushes  and,  in  view  of  the 
electrical  and  mechanical  disadvantages  of  the  independ- 
ent shunts,  they  are  not  to  be  encouraged. 

b — Assembled  and  attached  to  the  brushes  perma- 
nently by  means  of  spun  rivets,  with  and  without  solder ; 
bolts  or  screws  with  nuts,  with  and  without  solder ; 
threaded  cylinders  welded  to  the  shunts  and  riveted  at 
the  ends ;  and  shunts  cemented  or  packed  in  holes  drilled 
in  the  brush.  Unless  the  shunt  is  soldered  or  welded  to 
the  bolt  or  cylinder,  the  contact  is  not  more  dependable 
than  with  the  independent  shunt,  and  unless  the  bolt  or 
cylinder  is  threaded  and  has  a  thread  fit  through  the 
carbon,  the  surface  contact  may  not  remain  good 
throughout  the  life  of  the  brush.  A  threaded  through 
device,  when  bolted  or  riveted  at  the  ends,  cannot  turn 
in  the  brush  without  stripping  the  threads,  whereas  a 
smooth  bolt  or  cylinder  has  no  positive  anchorage  ex- 
cept at  the  ends. 

The  practice  of  "tinning"  the  shunt  connections  to 
the  brush  (and  also  the  copper  brush  coating)  is  com- 
mendable except  in  cases  where  the  brush  or  shunt  tem- 
peratures are  likely  to  exceed  the  melting  point  of  the 
tin  or  solder.     Perhaps  the  simplest  form  of  shunt  at- 


2/0 


THE    ELECTRIC   JOURNAL 


tachment  is  that  in  which  the  shunt  is  inserted  in  holes 
drilled  in  the  brush  and  packed  or  cemented  in  with  a 
metal  cement.  When  such  attachments  can  be  made 
mechanically  dependable,  and  as  good  electrically  as  the 
better  types  of  the  more  expensive  methods,  it  would 
seem  to  offer  superior  advantages.  The  opposite  end  of 
the  shunt,  that  is,  the  machine  or  brushholder  end,  is 
usually  regarded  with  more  or  less  indifference  and  is 
treated  in  the  same  general  way  by  all  shunt  builders. 
The  details  of  the  terminals  attached  to  these  ends  vary 
but  little  in  form  or  method.  In  fact,  the  sphere  of 
variation  is  self-limiting.  However,  there  is  immediate 
opportunity  for  at  least  two  betterments,  viz.,  these  ter- 
minals should,  first,  be  made  heavier;  and  second,  be 
more  definitely  attached. 

In  brief,  shunts  should  have  capacities  for  the  maxi- 
mum demands  on  the  brush.  They  should  have  maxi- 
mum flexibility  consistent  with  mechanical  strength. 
They  should  be  attached  to  the  brush  with  due  regard 
for  both  the  electrical  and  mechanical  requirements. 
They  should  have  terminals  electrically  and  mechani- 
cally sufficient  for  properly  attaching  to  the  brushholders 
or  brushholder  arms.  Shunt  care  comprehends  the  main- 
tenance of  proper  connection  between  the  shunt  and 
brush,  and  between  the  shunt  and  brushholder  or  brush- 
holder  arm,  as  well  as  the  maintenance  of  the  flexible 
itself.  Shunts  frequently  break  due  to  vibration  from 
excessive  brush  chattering.  Replace  broken  shunts  with 
new  or  repaired  ones,  or  with  a  new  brush  and  shunt 
complete. 

Brushes  have  been  condemned,  only  to  find  the 
shunts  at  fault.  Two  identical  machines  equipped  with 
identical  brushes  gave  seriously  contradictory  results. 
The  equipment  differed  in  the  single  detail  of  brush 
shunts.  The  brushmaker  had,  in  one  case,  furnished 
the  brushes  with  shunts  attached.  The  machine  equipped 
with  these  brushes  gave  excellent  results.  The  second 
machine  was  equipped  with  the  same  brush,  but  with  an 
independent  type  of  shunt.  Its  performance  was  de- 
plorable. Investigation  resulted  in  many  theoristic 
"whys"  and  "wherefores,"  but  no  "reasons,"  until  with 
milk  and  water  enthusiasm  it  was  decided  to  interchange 
the  brushes  on  the  machines.  The  performances  of  the 
machines  were  immediately  reversed.  Both  machines 
now  have,  not  only  identical  brushes,  but  identical 
shunts,  and  give  identical  service.  A  little  thing  like  a 
shunt  may  prove  the  barrier  between  failure  and  suc- 
cess. The  shunt  should  be  large  enough  to  perform  its 
function  and  kept  in  shape  to  perform  it.  Unless  in 
case  of  emergency,  different  types  of  shunts  on  identical 
brushes  should  not  be  used  on  the  same  brushholder 
arm,  nor  should  different  brushes  with  identical  shunts 
be  so  used. 

All  arms  of  a  given  polarity  may  be  equipped  with 
shunts  or  brushes  different  from  those  on  the  arms  of 
opposite  polarity ;  but  no  mixing  should  be  practiced  on 
individual  arms,  or  on  less  than  all  the  arms  of  a  given 
polarity.  Mixing  of  shunts  or  brushes,  or  both,  results 
in  selective  or  erratic  commutation,  thereby  overloading 


some  and  underloading  other  brush  units.  Mixing  of 
brushes  or  shunts  is  rarely  justifiable,  although  in  iso- 
lated instances  the  fully  equipping  of  opposite  polarities 
with  brushes  having  dift'erent  characteristics  has  proven 
efficacious. 

C.A.RE  OF   COMMUTATORS   AND   SLIP   RINGS 

The  care  of  commutators  and  slip  rings  is  so  closely 
related  to  the  care  of  brushes  that  a  few  pertinent  re- 
quirements may  be  regarded  as  applicable  here : — 

I — Keep  the  commutators  and  rings  clean.  When  in 
service  use  a  dry  canvas  or  some  related  cloth  having  a 
hard  texture.  When  soft,  "nappy"  materials  are  used 
the  "nap"  is  caught  by  the  slots  or  rough  spots  and 
pulled  under  the  brushes,  where  it  lodges  and  helps  to 
collect  and  hold  dirt  and  carbon.  When  shutting  a  ma- 
chine down  it  is  good  practice  in  most  cases  to  clean  the 
commutator  with  a  little  gasoline  on  a  hard  surfaced 
material.  This  not  only  removes  any  grease  or  oil 
from  the  commutator,  but  also  frequently  improves  t'he 
brush  condition  by  removing  from  their  faces  the  resi- 
due of  greases  or  oils  collected  by  them. 

2 — If  the  mica  is  flush,  see  that  it  is  kept  flush.  If 
holes  appear  in  the  mica,  clean  them  thoroughly  and  fill 
them  with  a  dependable  filler.  Dental  cement  is  perhaps 
as  desirable  for  this  purpose  as  anything  to  be  had  at 
the  present  time.  These  holes  are  generally  traceable  to 
the  too  free  use  of  lubricating  oils,  many  of  which  attack 
the  shellac  in  the  mica  and  rob  the  mica  of  its  binder. 
This  trouble  in  its  incipiency  is  of  very  slow  growth,  but 
later  increases  rapidly,  due  to  the  increasing  amount  of 
carbon,  copper  and  other  dust  which  collects  in  the  holes 
and  enlarges  the  burning  area  subject  to  the  short- 
circuits  which  take  place  between  the  bars. 

3 — If  the  mica  is  undercut  or  recessed,  keep  the 
slots  clean.  For  this  purpose  the  use  of  fiber,  bone, 
horn  or  hardwood  is  more  desirable  than  metal,  for  the 
reason  that  metal  is  likely  to  cut  the  mica  and  deepen 
the  slots.  The  advantage  of  deep  slots  are  all  disadvan- 
tages. Both  practically  and  theoretically,  mica  need  be 
but  a  hair's  breadth  below  the  surface  to  accomplish  the 
end  desired.  The  shallower  the  slot,  the  better.  Depth 
encourages  the  collection  of  carbon,  copper,  dirt,  etc., 
and  is  responsible  for  the  bridging  of  the  slots,  which 
necessitates  the  beveling  of  the  commutator  bars. 

4 — Keep  the  edges  of  the  commutator  bars  beveled 
or  chamfered.  When  slots  are  deep  (as  most  slots  un- 
fortunately and  unnecessarily  are)  the  commutator  bars 
pull,  or  drag  over,  especially  on  the  lagging  edges  of  the 
bars.  Unless  the  edges  are  beveled  this  pulled-over 
edge  will,  in  time,  close  or  bridge  the  slots  and  cause 
"flash  overs ;"  also  melted-out  connections  between  the 
necks  of  the  commutators  and  windings,  and  even 
burned-out  armature  windings.  These  things  not  only 
may  happen,  but  have  happened. 

5 — Keep  the  necks  of  the  commutator  clean.  Dirt 
between  the  necks  is  not  only  bad  for  the  commutator, 
but  affects  adversely  the  ventilation  and,  therefore,  the 
temperature  of  the  machine. 
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6 — If  the  machine  "flashes  over"  shut  it  down  and 
remove  all  blisters  or  burned  spots;  otherwise  the 
brushes  will  be  unnecessarily  worn  away,  and  the  com- 
mutation will  be  imperfect. 

7 — In  the  matter  of  slip  rings,  keep  them  clean,  in- 
cluding studs,  spider  (or  bushing),  leads  to  armature 
windings,  brackets  or  supports  for  brushholder  yokes, 
and  all  insulation  between  the  several  parts. 

LUBRICATION 

The  necessity  for  lubricating  brushes,  or  commu- 
tators, exists,  regardless  of  all  claims  to  the  contrary. 
It  is  realized  that  the  possible  hazard  to  the  machine, 
together  with  the  "Safety  First"  campaign  (or  more 
properly,  the  legally  imposed  liability  responsibilities  of 
the  employers),  is  an  incentive  to  increased  caution  in 
the  handling  of  machines,  and  that  this  involves,  among 
other  things,  the  use  of  self-lubricating  brushes.  It  is 
doubtful,  however,  if  the  apparatus  is  as  well  groomed 
when  avoided  or  ignored  as  when  receiving  frequent 
visits  from  the  attendants.  As  a  consequence,  the 
chances  for  accidents  to  both  apparatus  and  men  may 
be  increased  rather  than  diminished  on  account  of  the 
failure  to  detect  and  correct  irregularities  in  advance, 
as  opposed  to  rebuilding  after  a  smash-up.  On  rare  oc- 
casions, the  ideal  combination  of  commutator  and  brush 
is  found,  which  requires  no  lubrication,  but  such  "finds" 
are  the  exception.  However,  the  self-lubricating  brush 
is  more  nearly  an  accomplishment  today  than  ever  be- 
fore, and  sooner  or  later  its  realization  may  at  least  be 
hoped  for.  If  brushes  operate  without  lubrication  it  is  a 
cause  for  congratulation.  If  brushes  require  occasional 
lubricating  it  should  be  regarded  as  an  entirely  normal 
condition. 

What  lubricant  is  most  eflfective  is  a  much-argued 
subject.  There  are  many  lubricating  compounds  on 
the  market,  the  values  of  which  depend  largely  upon  the 
individual  opinions  of  those  who  use  them. 

Paraffine — //  the  commutator  reaches  a  temperature 
high  enough  to  melt  paraffine  it  will  prove  as  efficacious, 
perhaps,  as  any  lubricant  to  be  found.  This  applies  to 
either  smooth  or  undercut  commutators.  Paraffine  is 
not  recommended  for  commutators  or  brushes  which 
run  at  low  temperatures,  for  the  reason  that  it  "gums" 
the  brushes  and  brush  rigging,  veneers  the  commutator, 
fills  the  slots,  and  collects  dirt  and  dust.  Paraffine  should 
be  applied  quickly  and  sparingly.  Before  administering 
paraffine  (or  any  lubricant)  the  commutator  should  be 
cleaned  with  a  dry  cloth.  This  practice  precludes,  to  a 
marked  degree,  the  accumulation  of  grease,  carbon  and 
copper  dust,  etc.,  and  is  recommended,  regardless  of  the 
lubricant  used. 

Kerosene,  or  coal  oil,  should  be  used  sparingly.  It 
is  very  penetrating,  and  in  time  will  eat  into  the  shellac 
or  binder  of  the  mica  segments,  forming  "holes,"  which, 
unless  properly  filled,  will  invite  serious  consequences, 
involving  even  the  rebuilding  of  the  commutator.  There 
are  other  oils  which  act  in  the  same  way,  but  not  so 
quickly. 


Gasoline  has  little  or  no  lubricating  value.  How- 
ever, it  is  an  instantaneous  cleanser,  and  by  removing 
dirt  and  grease  from  the  commutator  and  brushes  fre- 
quently, improves  commutation.  It  is  not  entirely  safe 
for  use  on  a  loaded  or  sparking  machine,  for  the  reason 
that  it  is  sometimes  ignited  by  the  arcs  which  form  be- 
tween the  bars  and  under  the  brushes,  and  burns  or  con- 
fuses the  attendant. 

If  vaseline  is  used  it  should  first  be  melted  and  ap- 
plied to  a  cloth ;  otherwise  it  will  gum,  stick  and  prove 
more  troublesome  than  paraffine  on"  a  cold  commutator. 

Light  engine  and  dynamo  oils  are  frequently  used 
with  good  results,  but  they  should  not  be  too  freely  ap- 
plied. Frequent  application  is  more  desirable  than  too 
free  application. 

There  are  many  commutators  on  which  a  clean,  dry 
cloth  will  prove  as  effective,  temporarily,  as  lubrication ; 
that  is,  a  commutator  may  need  frequent  cleaning,  but 
not  necessarily  frequent  lubricating.  This  is  sometimes 
due  to  the  unfortunate  habit  certain  types  of  brushes 
possess  of  liberating  abnormal  amounts  of  carbon  dust, 
much  of  which  adheres  to  the  commutator.  This  dust 
should  be  wiped  off — not  stuck  on. 

There  are  among  brushes  a  few  that  are  sufficiently 
self-lubricating  to  be  ignored  after  being  put  on  the 
machines.  Experience  shows  that  some  of  these  (cost 
considered)  have  comparatively  short  lives.  It  is  not 
improbable  that  the  occasional  lubricating  of  these 
brushes  would  extend  their  usefulness  appreciably  and 
more  than  justify  the  already-paid-for  time  and  energy 
involved  in  giving  them  the  limited  amount  of  assist- 
ance they  require. 

Whatever  benefits  are  derived  from  any  source, 
brushes  included,  must  be  paid  for  in  certain  combina- 
tions of  time,  material,  energy  and  cash.  It  is  clearly  up 
to  the  users  of  brushes  to  choose  their  own  combina- 
tions, profit  by  the  combinations  of  others,  or  accept 
what  comes  their  way  uncomplainingly. 

BRUSHES   FOR  SLIP  RINGS 

The  copper  leaf  brush  for  slip  n"ngs,  which  has  been 
in  favor  since  the  days  of  incipient  machines,  is  fast 
giving  way  to  "block"  or  "metal  graphite"  brushes. 
Generally  speaking,  metal  graphite  brushes  consist  of 
various  mixings  of  pulverized  copper  and  other  metals 
with  graphite,  shaped  under  pressure.  When  metal 
graphite  brushes  were  first  introduced  their  carrying 
capacities  were  greatly  over-estimated.  Manufacturers 
of  electrical  apparatus  dropped  into  the  error  of  using 
too  few  brushes,  and  in  many  instances  found  it  neces- 
sary to  increase  the  slip  ring  brush  equipment  as  much 
as  fifty  percent  before  satisfactory  results  could  be  ob- 
tained in  the  field.  At  the  present  time  the  maximum 
permissible  current  is  considerably  below  150  amperes 
per  square  inch,  while  the  sane  limit  is  perhaps  under 
125  ampers  per  square  inch.  This  type  of  brush  is  also 
used  on  direct-current  machines  of  very  low  voltages. 
Its  metallic  characteristics,  however,  are  at  times  hard 
on  the  commutators. 
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As  a  rule,  the  more  highly  graphitized  brushes  have 
proven  the  more  satisfactory  in  that  they  have  a  longer 
life  and  cut  the  rings  less.  It  is  contended  that  these 
brushes  are  self-lubricating,  and  to  a  degree  this  is  true. 
However,  if  the  rings  on  which  they  run  are  kept  free 
from  copper  dust,  and  a  slight  amount  of  lubrication 
(light  oil)  is  judiciously  applied,  the  life  of  both  brushes 
and  rings  will  in  most  cases  be  prolonged.  This  type  of 
brush  is  extremely  heavy  and  requires  a  brushholder  of 
decided  stability,  with  springs  capable  of  pressures  as 
high  as  five  or  more  pounds  per  square  inch.  The  actual 
pressure  to  be  used  is  determined  by  the  type  of  ring, 
speed  of  ring,  and  composition  of  the  brush.  It  is,  how- 
ever, rarely  less  than  three  and  one-half  pounds  per 
square  inch,  and  more  frequently  five.  When  brushes 
of  this  type  are  allowed  to  spark  they  disintegrate  rap- 
idly and  the  life  is  greatly  shortened. 

In  case  the  brush  is  not  sufficiently  granular  in  tex- 
ture it  will  "roll  up"  or  "fringe"  or  form  "wire  edges" 
on  the  sides.  Obviously,  such  brushes  are  dangerous, 
for  the  reason  that  such  edges  frequently  break  away 
from  the  brush  in  full  contact  length,  bridge  to,  or  fall 
across,  rings  having  diflferent  polarities,  and  flash  the 
machine.  To  guard  against  this  the  brush  should  be 
slotted  radially  with  a  file,  two  slots  to  a  side  "V" 
shaped,  and  about  one-eighth  of  an  inch  in  depth.  Under 
this  condition  the  maximum  possible  length  of  thrown- 
off  metal  will  be  something  less  than  one-third  of  the 
arc  of  the  brush  contact.  This  is  too  short  to  bridge  or 
cause  damage.  Although  a  brush  may  be  in  every  other 
way  satisfactory,  if  it  has  this  "fringing"  characteristic 
it  is  not  desirable. 

As  a  means  to  an  end,  the  "metal  graphite"  brush 
may  be  regarded  as  admirable,  but  as  a  permanent  insti- 
tution it  has  to  contend  with  such  characteristics  as : — 

I — Its  cost,  so  far,  has  proven  high. 

2 — It  has  excessive  weight. 

3 — Its  useful  percentage  of  w'ear  is  low  compared  to  its 
first  cost. 

4 — It  wears  the  rings  excessively,  unless  studiously  at- 
tended. 

5 — It  requires  a  perfection  of  ring  not  required  by  other 
brushes. 

Its  advantages  are: — 

I — Low  brush  drop  (but  not  lower  than  copper  leaf). 
2 — Perhaps  less  ring  wear  than  copper-leaf  brushes. 

In  view  of  the  doubtful  virtues  of  the  metal  graphite 
brush,  the  apparently  logical  solution  of  the  slip  ring 
brush  problem  is  the  development  of  a  graphite,  or  re- 
lated, brush  suitable  for  the  purpose.  Some  of  the  ad- 
vantages of  such  a  brush,  if  developed,  should  be  :— 

I — Reduced  first  cost  of  brushes. 

2 — Reduced  wear  on  rings. 

3 — Increased  cleanliness  of  rings  and  brush  rigging  due  to 
such  particles  of  graphite  as  are  liberated  being  blown  away. 
(The  metal  particles  from  the  metal  graphite  brushes  settle 
more  entirely  on  the  machine). 

4 — Increased  brush  life. 

5 — Advantages  of  low  brush  inertia. 

As  opposed  to  the  advantages,  there  are  the  improb- 
able disadvantages  of : — 


1 — Possible  increased  losses  in  brush  drop  between  brush 
and  rings — a  theoretical  possibility  of  moment  perhaps  on  ac- 
count of  decreased  efliceincy  of  a  small  fraction  of  a  percent, 
but  in  reality  a  very  doubtful  loss,  on  account  of  the  great  dif- 
ference in  brush  inertia,  and  the  highly  variable  conditions 
under  which  brushes  operate  in  actual  service. 

2 — Initial  expense  connected  with  adding  more  holders.  It 
will  be  claimed  that  extra  holders  may  not  be  readily  added  to 
the  present  type  of  brushholder  supports.  This  is  not  a  serious 
negative  for  the  reason  that  supports  have  been  designed  and 
can  be  designed  to  entirely  encircle  the  rings,  and  thereby  in- 
crease the  brush  mounting  capacity  in  excess  of  so  percent.  A 
second  way  is,  in  the  case  of  new  machines,  to  widen  the  rings. 

From  the  above  it  would  seem  that  a  careful  analysis 
of  the  possibilities  of  suitable  graphite  brushes  for  slip 
rings  at  least  indicates  that  they  will  possess  decidedly 
superior  advantages,  and  it  is  to  be  hoped  that  sooner 
or  later  they  will  be  available.  There  is  already  at  hand 
confirmatory  evidence  of  their  jjossibilities,  in  the  results 
being  daily  obtained  on  both  the  iron  and  bronze  rings 
of  turbo  fields,  synchronous  motor  fields  and  slip  ring 
rotors  of  induction  motors.  It  is  true  these  ai)plications 
are  of  a  limited  nature;  nevertheless,  the  ])rinci|)les  in- 
volved are  identical. 

APPLIC.'\TION   OF  SLIP   KIXCJ   BRUSHES 

All  types  of  slip  ring  brushes  should  be  installed  so 
as  to  cover  the  full  width  of  the  ring,  but  never  so  as  to 
permit  the  brush  to  overhang  the  ring.  This  is  easily 
accomplished  by  properly  "staggering"  the  brushes,  all 
slip  ring  brushholders  being  designed  for  this  adjust- 
ment. Metal  graphite  or  "block"  brushes  are  generally 
installed  radially,  and  with  either  one  or  two  brushes  in 
each  holder.  When  two  brushes  occupy  the  same  holder 
they  should  be  placed  side  by  side — not  in  "tandem."  If 
in  "tandem,"  the  leading  brush  is  packed  against  the 
leading  face  of  the  holder  by  the  lagging  brush,  due  to 
the  rotation  resultant,  and  the  brushes  do  not  wear  uni- 
formly. It  may  be  possible  to  overcome  this  by  chang- 
ing the  brush  angle,  or  by  a  change  in  the  resultants  of 
spring  pressures.  As  previously  stated,  the  pressure 
should  be  from  three  to  five  pounds  per  square  inch. 

SLIP   RING   LUBRICATION 

For  slip  rings  equipped  with  copper  leaf  brushes, 
vaseline  and  various  light  oils  are  used.  The  use  of 
these  is  helpful,  but  to  obtain  the  best  results  both  rings 
and  brushes  must  be  kept  scrupulously  free  of  the 
brush  and  ring  cuttings.  The  brushes  especially  are  too 
frequently  allowed  to  become  gummed  with  copper  and 
other  dust.  In  addition  to  being  kept  clean,  copper  leaf 
brushes  must  be  trimmed  as  often  as  necessary,  and  the 
thick  bronze  plate  strips  must  be  kept  cut  back  so  as  not 
to  come  in  contact  with  the  rings ;  otherwise,  being  of 
tempered  bronze,  they  will  cut  the  rings  rapidly.  It  has 
been  previously  stated  that  the  manufacturers  of  "block" 
or  metal  graphite  brushes  claim  for  thein  the  charac- 
teristic of  perfect  self-lubrication  ;  also  that  in  a  measure 
this  is  true.  If,  however,  the  life  of  rings  and  brushes 
is  to  be  regarded  as  one  of  moment,  there  are  many  in- 
stances in  which  the  life  of  both  rings  and  brushes  has 
been  prolonged  by  the  use  of  light  lubricating  oils  with 
certain  block  brushes.    Cleanliness  and  occasional  appli- 
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cations  of  light  oils  can  do  no  harm,  whereas  the  omis- 
sion of  both,  or  either,  may  result  adversely.  Almost 
anything  that  suggests  an  improvement  in  brush  condi- 
tions is  "worth  tryiiig  once." 

BRUSHHOLDERS    FOR   SLIP   RINGS 

Brushholders  for  metal  graphite  brushes  have  taken 
forms  both  foreign  and  akin  to  direct-current  holders. 
With  these  holders  the  brushes  require  the  usual  multi- 
plicity of  expensive  shunts,  the  necessity  for  which, 
with  a  proper  holder,  is  at  least  debatable.  Inasmuch  as 
slip  ring  brushes  may  be  placed  indiscriminately  around 
the  rings,  there  is  no  occasion  for  maintaining  a  fixed 
brush  relation  to  the  rings.  The  ideal  holder,  therefore, 
may  be  in  the  development  of  the  swivel  type,  in  which 
the  brush  may  be  clamped  in  the  box  and  the  brush  itself 
require  no  shunt.  The  box  should,  however,  be  heavily 
shunted  to  the  holder  support  in  order  to  protect  the 
swivel  from  possible  arcing  due  to  the  current  passing 
through  the  swivel  joints.  The  brush  will  require  occa- 
sional readjusting  in  the  holder  due  to  the  wear  of  the 
brush  reaching,  from  time  to  time,  the  travel  limit  of 
swivel.  (This  limit  should  not  permit  the  holder  to 
come  in  contact  with  the  ring) .  This  requirement,  how- 
ever, will  not  approach  the  work  involved  in  trimming 
copper  leaf  brushes,  or  in  cleaning  the  accumulated  dust 
from  between  the  brushes  and  holders,  as  is  necessary 
with  present  holders. 

At  the  present  time  a  few  slip  ring  motors  are  being 
fitted  with  a  holder  of  the  foregoing  type,  but  the  value 
of  its  general  application  has  not  been  fully  determined. 
Present  holders  are  designed  to  take  single  brushes,  or 
two  brushes  side  by  side,  or  two  brushes  in  "tandem." 
The  last-named  holder  is  the  least  desirable  for  the  rea- 
son previously  stated.  However,  it  has  the  advantage  of 
economizing  the  space  around  the  ring,  and  to  a  degree 
precluding  congestion.  Its  single  objection  can  be  read- 
ily overcome  by  using  a  partition  between  the  brushes. 

BRUSH    COSTS 

The  first  cost  of  a  brush  is  not  the  final  cost.  A  low 
first  cost  may  prove  an  ultimate  extravagance.  Unfor- 
tunately, the  final  cost,  due  to  the  installment  method  of 
paying  in  driblets,  is  covered  up  in  the  bookkeeping,  and 
represents  an  increase  in  general  maintenance,  rather 
than  a  clear-cut  item  covering  "brushes."  It  is  decid- 
edly cheaper  to  pay  for  and  maintain  one  brushholder 
and  one  brush  at  a  fair  price  than  to  pay  for  and  main- 
tain two  brushholders,  two  brushes,  two  shunt  attach- 
ments, an  increased  length  of  brushholder  support,  an 
increased  length  of  commutator,  a  heavier  commutator 
bushing,  a  longer  shaft,  a  longer  bedplate,  increased 
floor  space,  or  even  a  machine  having  a  greater  number 
of  poles.  Analyze  the  "final  cost"  before  being  intimi- 
dated by  the  "first  cost,"  and  the  conviction  will  follow 
that  the  right  brush  is  worth  all  it  costs.  Brush  costs 
increase  with   the   exactions   imposed   upon,   but   these 


costs  are  insignificant  when  compared  to  the  greatly  re- 
duced costs  of  the  machines  made  possible,  to  a  large 
extent,  by  the  more  expensive  but  higher  grades  of 
brushes.  The  idea  that  "a  brush  is  a  brush"  is  a  fallacy 
and  should  not  be  encouraged. 

Inasmuch  as  users  of  brushes  must  of  necessity 
order  brushes,  and  such  orders  must  frequently  pass 
through  many  hands  before  they  reach  the  brush- 
makers,  or  the  manufacturers  of  their  apparatus,  the 
following  suggestions  on  ordering  brushes  may  be  of 
service : — 

ORDERING    BRUSHES 

Unless  the  style,  type,  size  and  shunt  equipment  of  a 
brush  can  be  definitely  given  when  brushes  are  ordered, 
the  following  information  should  be  furnished  the 
brushmaker,  or  the  manufacturer  of  the  machine,  when 
an  order  for  brushes  is  placed : — 

i-Size  of  brush,  in  the  following  order :— Length,  width, 
tnickness. 

2 — Bare  or  copper-coated. 

3— Brush  angle;  also  if  corners  are  square  or  chamfered. 

4— State  whether  rotation  is  against  toe  or  heel  of  brush. 

r  „  5~^?  ^°  •'e  AriWeA  for  shunts,  or  countersunk,  or  both  give 
lull  particulars.  •  s    >- 

6— If  to  be  equipped  with  brush-lifting  devices,  give  full 
particulars. 

7— State  whether  for  one,  two  or  more  shunts,  giving  length 
of  fJexibles  and  style  of  flexible  terminals. 

8— Specify  if  shunts  or  brush-lifting  devices,  or  both,  are 
to  be  either  attached  or  supplied. 

9— Give  all  information  on  the  name-plate  of  the  machine. 

ID— Give  diameter  of  commutator   (or  rings). 

II— State  whether  or  not  mica  is  undercut. 

12— Give  maximum  number  of  bars  touched  by  the  brushes. 

13— Give  number  of  segments  between  center  of  positive 
and  center  of  negative  brushes. 

14— Give  number  of  poles  (or  brush  arms)  and  number  of 
brushes  per  arm. 

15 — State  if  machine  is  of  commutating-pole  or  non-com- 
mutating-pole  type. 

16 — Give  style  or  type  of  holder. 

17— If  brushes  in  use  have  not  proven  satisfactory,  state  in 
what  respect  they  have  failed. 

18 — If  convenient,  forward  a  used  sample  of  the  brushes  in 
service.  It  frequently  happens  that  a  more  suitable  brush  can 
be  prescribed  and  that  an  examination  of  the  original  brush 
will  not  only  suggest  a  substitute  having  superior  characteris- 
tics, but  at  the  same  time  eliminate  possible  errors  in  brush 
dimensions,  shunt  applications  and  brush-lifting  mountings. 

19 — Bear  in  mind  that  brushholders  differ  greatly  in  detail 
and  that  the  application  of  shunts  for  either  direct  or  alter- 
nating-current service  must  be  specified ;  otherwise  the  shunts 
might  interfere  with  the  pressure  springs  and  a  set  of  brushes 
be  rendered  useless. 

20 — It  is  also  well  to  furnish  a  sketch  of  the  brush. 

21 — If  for  "try-out"  purposes,  state  what  service  the  ma- 
chine is  doing ;  hours  of  service ;  minimum,  average  and  maxi- 
mum loads,  with  duration  of  each;  also  if  machine  is  subjected 
to  gas  or  acid  fumes,  and  what,  if  any,  troubles  have  been 
experienced. 

From  the  above  it  must  be  concluded  that  if  what  is 
wanted  is  expected  it  must  be  made  clear  what  is 
wanted.  Even  then  it  may  not  be  available.  Brush  re- 
quirements are  in  no  sense  stable.  It  is  wise,  therefore, 
to  encourage  a  receptive  disposition  and  to  be  ready  for 
such  advances  in  the  art  as  mav  seem  worth  while. 


Poles  and  Crossarms 

THEIR  PRESERVATIVE  TREATMENT  AND  OTHER  HANDLING  BEFORE  INSTALLATION 

W.  K.  Vanderpoel 

General  Superintendent  of  Distribution, 

Public  Service  Electric  Company  of  New  Jersey 

THIS  ARTICLE  is  intended  to  give  a  brief  description  of  the  timber-treating  situation  as  it  pertains  to 
poles  and  crossarms  ;  and  then  to  deal  with  the  timber  subjects  which  particularly  interest  electric  operating 
companies.  These  subjects  are  the  brush  treatment  o  f  poles  and  improved  methods  of  handling  and  storing 
poles  and  crossarms  before  their  installation.  Those  who  are  interested  in  the  general  subject  of  wood 
preservation,  both  historically  and  in  the  details  of  the  various  processes,  are  referred  to  the  1910  and  1911 
reports  of  the  Preservative  Committee  of  the  National  Electric  Light  Association.  The  191 1  report  shows 
why  creosote  has  been  selected  as  the  standard  preservative  for  the  treatment  of  line  timber;  and  it  gives 
complete  descriptions  of  the  various  methods  of  treatment.  The  whole  matter  requires  much  more 
description  than  can  be  given  in  a  short  paper,  or,  in  fact,  in  any  one  book  on  the  subject.  The  main 
purposes  of  this  article  will  have  been  accomplished  if  it  leads  to  a  closer  study  of  the  economics  of 
timber  problems. 


WHEN  timber  preservation  was  in  its  earliest 
stages  a  number  of  preservative  fluids  were 
experimented  with,  among  them  being  solu- 
tions of  copper  sulphate,  zinc  chloride  and  mercuric 
chloride.  Creosotes,  including  coal  tar  creosote,  water 
gas  tar  and  wood  creosote,  have  been  used  since  the 
earliest  days  of  preserving  work.  In  the  course  of 
progress,  combinations  were  made  of  creosote  with  zinc 
chloride  and  other  chemicals.  After  a  great  deal  of  ex- 
perimenting, most  of  the  complicated  treatments  were 
eliminated  and,  while  the  chemical  solutions  are  still 
used  extensively  in  Europe,  they  are  not  employed  to  any 
extent  in  the  United  States,  although  there  are  a  few 
treating  plants  where  so-called  emulsion  processes  com- 
bine creosote  and  zinc  chloride  in  pressure  treatments. 

Several  distinct  processes  were  developed  during 
this  period  of  evolution  and,  though  a  number  of  them 
still  remain,  the  first  in  importance  and  general  useful- 
ness is  the  full-cell,  high-pressure  system  by  which 
creosote  is  forced  into  the  timber  under  the  pressure  of 
live  steam.  In  carrying  out  this  method  the  timber  to 
be  treated  is  placed  in  air-tight  treating  cylinders.  The 
timber  is  then  steamed,  the  period  of  steaming  depend- 
ing upon  the  condition  and  size  of  the  timber  being 
treated.  When  the  steam  has  been  withdrawn  from  the 
cylinder  a  vacuum  is  created  and  creosote  oil  is  run  into 
the  cylinder.  Pressure  pumps  are  then  started  and  are 
continued  until  the  desired  amount  of  preservative  has 
been  injected.  The  full-cell,  pressure  method  is  the 
best  treatment  for  railroad  ties  and  for  poles  of  certain 
species  where  the  cell  structure  is  such  that  full  pene- 
tration can  be  attained.  The  full-cell  method  is  costly, 
and  is  only  justified  where  an  indefinite  life  is  necessary 
and  there  is  not  sufficient  mechanical  wear  to  reduce 
materially  the  life  added  by  the  treatment.  For  treat- 
ing timber  with  the  full-cell,  pressure  method,  large 
cylinders  of  boiler  plate  equipped  with  air-tight  doors 
are  used.  Gauges  are  provided  to  measure  the  steam 
pressure,  vacuum  and  the  quantity  of  creosote  pumped 
into  the  tanks.  It  can  be  readily  appreciated  that  very 
few  operating  companies  can  afford  to  maintain  such 
elaborate  outfits.    In  the  southern  states,  and  elsewhere 


where  line  timber  is  subject  to  rapid  decay,  it  is  often 
found  desirable  to  employ  the  services  of  a  pressure 
creosoting  company.  Some  of  the  electric  light,  tele- 
phone and  railroad  companies  located  in  the  South  have 
adopted  this  practice  and  have  had  sufficient  experi- 
ence to  report  very  favorable  results.  Only  a  close 
analysis  of  all  the  economic  factors  affecting  each  com- 
pany's conditions,  however,  has  given  the  correct  answer 
in  these  cases ;  and  experience  has  shown  the  necessity 
for  careful  predetermination  of  the  local  requirements. 
The  next  process,  in  order  of  importance,  is  the  at- 
mospheric process,  which  is  usually  described  as  the 
"open-tank"  system.  This  treatment  can  be  carried  out 
very  simply,  or  it  can  be  enlarged  to  include  the  features 
of  separate  hot  and  cold  treatments.  Briefly,  the  process 
is  to  place  the  timber  to  be  treated  in  an  open  tank  con- 
taining creosote,  the  creosote  having  been  brought  to  a 
temperature  of  from  180  to  220  degrees  F.  The  timber 
is  kept  in  the  tank  for  a  length  of  time  sufficient  to  heat 
it  uniformly  to  the  temperature  of  the  preservative.  It 
is  then  either  changed  to  another  tank  containing  cold 
preservative,  or  the  hot  preservative  is  drawn  out  and 
replaced  by  a  charge  of  cold  preservative  at  atmos- 
pheric temperature;  or  the  timber  may  be  allowed  to 
remain  in  the  tank  until  the  heated  oil  cools.  The  theory 
of  this  process  is  that  the  heat  expands  the  air  in  the 
wood  cells,  and  when  the  cold  oil  is  introduced  the  sud- 
den contraction  creates  a  vacuum  which  draws  in  the  oil. 
The  simplest  equipment  for  this  type  of  treatment  con- 
sists of  a  tank  of  suitable  dimensions,  set  high  enough 
above  the  ground  to  have  a  fire  beneath  it.  A  derrick  or 
gin  pole  is  provided  at  the  side  of  the  tank  for  handling 
the  poles.  Steam  is  sometimes  used  to  heat  the  creosote 
in  the  tank,  and  also,  in  larger  plants,  to  operate  a  hoist- 
ing engine  for  handling  the  poles.  Open  tank  plants 
may  be  of  simple  design,  costing  only  a  few  hundred 
dollars,  or  they  may  be  much  more  elaborate  with  com- 
plete pumping  outfits,  storage  tanks  and  special  han- 
dling facilities.  Plants  of  this  kind  cost  several  thou- 
sand dollars  and  require  more  space  and  attention.  A 
simpler  process  than  the  open-tank  method  is  tank  dip- 
ping, where  the  timber  to  be  treated  is  simply  dipped 
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into  a  tank  containing  heated  creosote.  This  treatment 
gives  only  a  slight  penetration  and,  in  many  cases,  is  not 
as  satisfactory  as  the  brush-treating  method.* 

Brush  treating  is  the  simplest  of  all  methods  and, 
while  it  gives  only  a  superficial  treatment,  it  will  yield 
economical  result  where  the  conditions  are  suited  to  it. 
A  description  of  brush  treating  is  given  in  the  following 
pages. 

In  order  to  understand  the  status  of  the  different 
treating  processes  as  they  are  now  practiced  throughout 
this  country,  it  is  important  to  become  familiar  with  the 
various  characteristics  of  the  industry.  A  feature  which 
should  be  well  understood  is  that  the  increased  life  of 
timber,  due  to  preservative  treatment,  is  practically  pro- 
portional to  the  penetration  of  the  creosote  and  the  quan- 
tity of  creosote  absorbed  by  the  treated  section  of  the 
timber.  In  making  this  statement  it  is  assumed  that  the 
quality  of  creosote  is  constant.  Some  species  of  timber 
are  more  penetrable  than  others  and  the  rate  of  absorp- 
tion varies  ;  also,  a  given  species  may  not  have  a  constant 
rate  of  absorption  because  of  varying  degrees  of  dry- 
ness, differences  in  cell  structure  owing  to  dissimilar 
conditions  of  growth,  and  dififerences  due  to  variables 
introduced  by  the  treating  process.  It  is  probably  be- 
cause of  these  variables  and  the  lack  of  a  uniform  stand- 
ard of  measurement  that  complete  and  authentic  records 
have  not  been  compiled,  and  that  little  can  be  learned  re- 
garding the  specific  results  with  any  one  process. 

BRUSH    TREATMENTS 

When  the  reports  of  the  Preservative  Committee  of 
the  National  Electric  Light  Association  were  issued,  suf- 
ficient evidence  had  not  been  collected  to  show  conclu- 
sively that  brush  treatment  of  poles  would  produce 
really  economical  results.  Those  reports  were  neces- 
sarily conservative,  and  the  committee  could  only  be 
specific  in  recommending  pressure  treatments  for  pine 
poles  and  heavy  open-tank  treatments  for  poles  of  such 
species  as  chestnut  and  cedar.  Those  recommendations 
still  stand  and  are  applicable  to  companies  operating 
under  pertinent  conditions. 

The  studies  of  the  past  three  or  four  years  have  de- 
veloped the  following  points : — Properly  applied  brush 
treatments  offer  to  many  operating  companies  a  simple 
and  effective  method  for  chestnut  and  cedar  poles.  In 
some  parts  of  the  South,  and  other  sections  where  the 
climate  causes  speedy  decay  of  timber,  pine  poles  require 
pressure  treating;  and  even  the  more  durable  species, 
such  as  chestnut  and  cedar,  should  have  a  heavy  open- 
tank  treatment.  The  advantages  enjoyed  by  companies 
located  in  many  of  the  northern,  middle  and  western 
states  are  that  brush  treating  avoids  the  heavy  invest- 
ment, the  more  complicated  operations,  and  the  addi- 
tional space  and  isolation  required  by  open-tank  plants. 
If  proper  brush  treating  will  add  from  two  to  five  years 
to  the  life  of  a  pole,  any  estimated  costs  based  on  that 


*Drawings  and  construction  details  of  several  types  of 
pole  and  crossarm  treating  tanks  are  given  in  the  191 1  report  of 
the  Preservative  Committee  of  the  National  Electric  Light 
Association. 


method  are  apt  to  be  closer  to  the  actual  costs  than  those 
of  the  more  elaborate  processes.  This  uncertainty  of 
realizing  a  longer  pole  life,  through  heavier  treatments, 
is  due  to  the  frequent  conversion  of  overhead  plant  to 
subway  plant,  compulsory  pole  replacements  and  other 
unanticipated  causes.  Premature  pole  renewals  have 
been  increasing  of  late  years,  principally  because  of  the 
more  substantial  construction  required  by  heavier  load- 
ing, changes  due  to  civic  improvements,  and  a  very  gen- 
eral increase  in  the  exactions  which  are  so  frequently 
imposed  upon  utility  companies. 

Even  with  due  regard  for  the  diminishing  supply  of 
poles,  and  with  full  recognition  of  the  fact  that  deferred 
replacements  reduce  maintenance  charges,  it  may  often 
be  wise  to  adopt  the  preservative  practice  which  affords 
the  greatest  flexibility  of  plant  and  which  offers  the  least 
resistance  to  these  unavoidable  changes.  To  illustrate 
what  is  meant  by  plant  flexibility,  as  afforded  by  the 
brush-treating  process,  attention  is  called  to  other  ways 
of  extending  replacements.  It  has  been  demonstrated 
that  many  poles  can  be  mechanically  reinforced  at  the 
butt  so  as  to  attain  a  total  life  more  nearly  equal  to 
the  life  of  the  upper  part  of  the  pole,  which  part  would 
often  have  a  very  long  life,  the  limit  being  reached,  not 
because  of  material  decay  in  the  upper  section  of  the 
pole,  but  because  of  deterioration  brought  about  by 
mechanical  wear  and  weathering.  Mechanical  reinforce- 
ment of  poles  cannot  be  applied  in  all  localities,  but  the 
sections  where  objections  to  it  are  raised  are  often  those 
which  are  the  first  to  be  converted  to  subway  or  which 
have  an  abnormal  number  of  premature  pole  renewals 
due  to  a  higher  standard  of  locality  requirements. 

To  make  the  description  of  the  proper  method  of 
applying  brush  treatments  concise,  the  field  instructions 
recently  issued  by  one  operating  company  may  be  taken 
as  representative  of  the  best  practice.  These  instruc- 
tions are,  in  part,  as  follows : — 

SEASONING  AND  CARE  OF  POLE  YARDS 

Only  seasoned  poles  are  to  be  treated,  and  even  the 
seasoned  poles  must  be  dry  when  they  are  treated.  For 
this  reason,  care  should  be  taken  not  to  store  poles  di- 
rectly on  the  ground  where  they  can  become  soaked 
from  lying  in  snow  or  water.  Dry  and  comparatively 
warm  spells  should  be  selected  for  treating.  If  poles 
are  neatly  piled,  raised  on  racks  from  the  ground,  and 
are  slightly  separated,  seasoning  will  not  only  be  accel- 
erated, but  the  poles  will  be  much  more  conveniently 
handled  while  being  treated  and  in  subsequent  opera- 
tions. All  pole  yards  are  to  be  maintained  in  a  clean 
and  orderly  condition,  and  they  are  also  to  be  kept  free 
of  weeds,  as  weeds  infect  timber  and  are  a  nuisance  to 
the  workmen. 

.PREPARATION  OF   BUTT  FOR  TREATMENT 

The  part  of  a  pole  most  subject  to  decay  is  at  the 
ground  line,  and  immediately  above  and  below  it.  For 
this  reason,  the  entire  butt  of  a  pole  need  not  be  treated, 
as  the  creosoting  at  the  end  of  the  butt  is  unnecessary. 
In  order  to  properly  prepare  a  pole  for  treatment  this 
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part  of  its  butt  must  be  shaved  clean  of  all  bark,  and 
bad  spots  of  soft  and  rotten  timber  should  be  shaved 
away  until  only  sound  timber  is  left  for  the  creosote. 
Inexperienced  workmen  are  apt  to  remove  only  the  outer 
or  heavy  bark,  leaving  the  inner  bark,  which  is  impene- 
trable by  the  creosote. 

SECTION  OF  BUTT  TO  BE  TRE.-VTED 

The  length  of  the  treated  surface  should  be  not  less 
than  three  or  four  feet,  and  may  be  enlarged  propor- 
tionately for  the  longer  poles.  The  ring  is  to  be  painted 
so  that,  when  the  pole  is  installed,  one  foot  of  the  treated 
section  will  be  above  the  ground  line. 

PRESERVATIVE 

The  preservative  must  be  a  creosote  oil  conforming 
to  the  specifications  for  brush-treating  oil,  as  recom- 
mended by  the  National  Electric  Light  Association's 
Timber  Preservative  Committee  report  of  191 1. 

TOOLS    AND    OTHER    EQUIPMENT 

The  tools  and  other  equipment  are  as  follows : — 

Brush — A  three-knot,  wire-bound  roof  brush,  to  be 
ordered  without  handle.  The  handle  should  be  cut  to 
desired  length  and  may  be  made  of  a  broom  handle  or 
other  suitable  stick.  This  brush  is  for  applying  the  hot 
creosote  to  the  poles. 

Pail — A  fourteen-quart,  galvanized-iron  pail  is  best 
for  this  work.  Such  pails  can  be  used  for  heating  on 
small  jobs,  and  to  contain  the  hot  creosote  when  brush- 
ing the  poles.  Where  a  heating  tank  is  used  the  oil  can 
be  ladled  from  the  tank  into  a  pail,  and  the  temperature 
of  the  oil  in  the  pail  can  be  kept  up  by  using  a  kerosene, 
charcoal  or  other  small  furnace. 

Furnace — This  must  be  a  portable  kerosene  furnace 
of  safe  and  efficient  type,  or  a  charcoal  pot  stove  of  suit- 
able size.  The  kerosene  furnace  is  preferable  for  quickly 
heating,  and  the  charcoal  pot  stove  for  continuously 
heating  a  small  quantity  of  oil. 

Thermometer — This  is  a  special  type  of  field  ther- 
mometer for  taking  temperatures  of  the  creosote  oil.  It 
is  a  mercury  thermometer,  mounted  in  a  wooden  frame 
which  has  a  handle  at  top  and  a  metal  cup  at  the  mer- 
cury end.  This  cup  holds  a  small  quantity  of  the  oil 
when  reading  is  taken.  The  scale  reads  up  to  230  de- 
grees F.  The  wooden  frame  can  be  notched  at  the  low 
and  high  limits  so  that  the  workmen  can  more  easily 
observe  readings. 

Heating  Tank — The  kind  of  heating  tank  to  be  used 
depends  upon  the  quantity  of  poles  to  be  creosoted  and 
the  local  yard  conditions.  A  plain  steel  barrel  can  be 
set  up  on  a  temporary  fireplace,  in  which  can  be  used 
coke,  charcoal,  coal  or  wood.  There  is  also  the  tar 
oven  type  tank,  which  has  a  self-contained  fireplace  in 
the  bottom.  Either  of  these  tanks  will  answer  all  ordi- 
nary requirements,  but  special  designs  for  unusual  con- 
ditions can  be  procured. 

METHOD  OF  APPLICATION 

The  preservative  should  be  thoroughly  mixed  by 
Stirring,  or  other  suitable  means,  while  in  its  original 


container.  When  the  mixing  is  completed  the  preserva- 
tive should  be  poured  into  the  tank  or  pail,  as  the  case 
may  be,  and  then  heated  to  a  temperature  of  not  less 
than  150  degrees  F.,  nor  more  than  200  degrees  F.  The 
preservative  should  be  held  between  these  temperatures 
while  work  is  going  on.  The  thermometer  should  be 
used  to  check  the  temperature  of  the  preservative. 

The  hot  preservative  should  be  taken  up  on  the 
brush  and  applied  to  the  pole  surface.  Special  care 
should  be  taken  to  paint  all  gains,  pole  tops,  and  to  fill 
knot  holes,  seasoning  checks,  cracks  and  other  openings 
in  the  pole  surface.  The  pole  should  be  turned  during 
the  treatment  so  as  to  keep  uppermost  the  surface  to 
which  the  preservative  is  being  applied.  The  preserva- 
tive should  be  worked  well  into  the  wood  by  careful 
brushing  and  a  sufficient  quantity  should  be  left  on  the 
surface  to  give  a  wet  appearance  after  the  application 
is  finished.  As  the  eflfectiveness  of  treatment  depends 
upon  the  penetration  by  the  preservative,  care  should  be 
taken  at  each  application  to  see  that  all  parts  of  the  ex- 
terior of  the  pole,  within  the  section  to  be  treated,  are 
reached  by  the  brush. 

Two  coats  of  preservative  should  be  applied  to  each 
pole  treated.  At  least  one  day  should  be  allowed  be- 
tween the  application  of  the  first  and  second  coats.  The 
second  coat  should  be  applied  at  least  two  days  before 
a  pole  is  set. 

PRECAUTIONS   TO    BE   OBSERVED   IN    APPLYING 
THE   TREATMENT 

As  a  precaution  against  fire,  a  pail  of  sand  should  be 
kept  near  each  heating  vessel.  If  the  preservative 
should  catch  fire,  the  flames  can  be  smothered  by  apply- 
ing a  cover  to  the  heating  vessel  or  by  using  the  sand. 
Any  method  of  extinguishing  the  fire,  which  might 
spread  or  scatter  the  burning  compound,  should  be 
avoided.  As  the  fumes  arising  from  preservatives  have 
a  tendency  to  affect  the  skin,  it  is  desirable  to  keep  to 
the  windward  side  of  the  heating  vessel,  and  long- 
handled  brushes  should  be  used.  Lard  or  vaseline,  when 
desired,  can  be  used  to  protect  the  faces  and  hands  of 
the  workmen  from  the  effect  of  the  fumes.  Care  should 
be  taken  to  avoid  spattering  the  hot  compound,  as  in- 
jury may  result  if  drops  reach  the  flesh  of  the  workmen. 

The  temperature  of  the  oil  should  be  checked  fre- 
quently, as  creosote  will  boil  over  at  212  degrees  F.  (the 
boiling  point  of  water)  ;  and  care  should  be  taken  not  to 
fill  the  heating  vessel  with  creosote.  Observance  of 
these  features  will  prevent  fires  and  accidents  to  work- 
men. The  use  of  linseed  oil  and  sawdust,  applied  sep- 
arately, will  be  found  a  satisfactory  means  of  removing 
creosote  from  the  hands. 

HANDLING  OF  TRE.\TED   POLES 

The  protection  of  brush-treated  poles  from  decay  is 
dependent  upon  a  relatively  thin  exterior  layer  which 
has  been  penetrated  by  the  preservative ;  therefore,  care 
should  be  taken  to  avoid  injury  to  the  treated  section 
through  the  dragging  of  poles,  or  by  the  tools  used  in 
handling  poles. 


THE    ELECTRIC   JOURNAL 


The  oil  in  storage  should  be  properly  protected  from 
excessive  variations  in  temperatures  and  from  admit- 
tance of  any  foreign  matter.  The  tools,  tanks  and 
other  equipment  should  be  properly  maintained,  and 
their  cost,  efficiency  and  other  details  should  be  made 
part  of  a  complete  historical  record.     A  proper  record 


whether  such  practice  is  justitied.  Some  companies 
have  creosoted  their  crossarms,  but  only  a  few  seem  pre- 
pared to  recommend  it  or  to  offer  convincing  records. 
Others  are  not  certain  of  any  beneficial  results,  while 
the  majority  seem  to  lack  positive  opinions.     A  heavy 


SURE   SYSTKM    OF 


TREATING  POLES 


of  the  treatment  of  each  pole  should  be  maintained.  The 
standard  pole  record  can  be  made  to  include  this  record. 
If  a  pole  is  set  green,  and,  therefore,  is  not  treated,  such 
information  should  be  noted  on  its  card.  If  the  butt  of 
the  pole  has  been  treated,  date  of  treatment  should  be 
noted  on  its  card. 

Fig.  2  shows  the  location  of  the  creosoted  ring,  and 
indicates  the  gains  and  other  parts  of  the  pole  which 
should  be  treated.  A  simple  brush-treating  outfit,  con- 
sisting of  brush,  pail,  thermometer  and  furnace,  is 
shown  in  Fig.  3.  Fig.  4  shows  how  the  workman  ap- 
plies the  brush  treatment,  and  also  illustrates  the  con- 
venience gained  b  y 
keeping  the  poles  on 
suitable  racks.  Fig.  5 
shows  the  decay  of  a 
pole  at  the  ground 
line.  This  is  a  typical 
case  and  explains  why 
treatment  does  the 
most  good  when  ap- 
plied to  that  section 
of  the  pole.  If  the 
butt  of  this  pole  were 
excavated  the  decay 
would  be  found  ex- 
tending d  o  w  n  ward 
only  from  one  to 
three  feet. 

TREATMENT    OF 
CROSS.\RMS 

I  n  V  e  stigations  to 
date  have  not  thrown 
sufficient  light  on  the  results  of  creosoting  crossarms  to 
justify  final  conclusions.  The  lack  of  authentic  data  of 
this  kind  is  unfortunate,  and  it  will  undoubtedly  take  a 
number  of  years  to  collect  information  that  will  prove 


FIG.   2 — LOCATION   OF   THE   POLE   PARTS 

WHICH   ARE   CREOSOTED   BY   THE 

BRUSH  TREATMENT 


IIG.   3 — BRUSH-TREATING   EQUIPMENT 

Consists  of  14  quart  galavanized  pail ;  thermometer ;  three- 
knot,  long-handled  brush;  kerosene  furnace  (charcoal  pot  to  be 
used  for  continuous  heating). 

treatment  of  the  proper  kind  of  creosote  would  un- 
doubtedly preserve  a  crossarm ;  but  there  are  disadvan- 
tages in  the  use  of  creosote,  as  it  has  been  known  to 
weaken  timber,  under  certain  conditions  of  treatment ; 
and  the  oozing  of  the  oil  from  the  arms  in  hot  weather 
is  a  decided  nuisance.  There  have  been  claims  that  the 
oil  increases  the  inflammability  of  the  wood,  but  this, 
too,  is  a  matter  which  has  been  disturbed  by  conflicting 
reports.  One  feature  is  certain : — A  crossarm,  being  a 
much  smaller  piece  of  timlier  than  a  pole,  can  be  thor- 


EIG.  4 — BRUSH-TREATING  PROCESS 

Workman  can  stand  on  the  pole  or  at  its  side. 

oughly  seasoned  and  it  does  not  experience  conditions  of 
accelerated  decay  such  as  affect  the  butt  section  of  a 
pole.  Crossarms  derive  a  considerable  extension  of  life 
through   proper   painting   and,    in    many    cases,    proper 
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painting  will  carry  a  crossarin  to  the  life  of  its  pole. 
Where  this  coincidence  of  life  limit  can  be  made  to  exist, 
and  where  heavy  creosoting  would  preserve  an  arm  be- 
yond its  mechanical  life,  it  is  a  justifiable  assumption 
that  painting  is  the  more  desirable  practice. 


I-IG.  S — TYPICAL  POLE  DECAY  AT  THE  GROUNU  LINE 

The  same  company's  field  instructions  covering  the 
handling  and  painting  of  crossarms  are,  in  part,  as 
follows : — 

All  crossarms  are  to  be  thoroughly  seasoned  before 
being  painted.  Crossarms  should  not  be  stored  in  damp 
places  nor  where  there  is  poor  circulation  of  air;  and, 
when  unpainted,  should  not  be  exposed  to  the  weather 
for  more  than  three  months.    They  should  be  stored  and 


racked  in  accordance  with  the  directions  given  for  such 
work.  Illustrations  furnished  with  these  instructions 
show  the  proper  method  of  piling  crossarms  for  storage 
and  seasoning  purposes.  The  roofing  should  be  pro- 
vided if  the  crossarms  are  stored  out  of  doors  under  un- 
favorable weather  conditions.  Crossarms  may  be  sea- 
soned indoors  and  kept  stored  there  if  the  air  is  dry  and 
has  reasonable  circulation.  These  methods  will  facili- 
tate drying  of  the  arms  and  will  most  quickly  put  them 
in  proper  condition  for  painting. 

When  crossarms  have  become  seasoned  they  should 
be  painted  as  follows : — First,  one  coat  of  white  lead, 
applied  with  a  brush.  Second,  after  a  period  of  twenty- 
four  hours,  one  coat  of  standard  pole  paint,  applied 
with  a  brush.  Crossarms  are  not  to  be  dipped  into  the 
paint.  The  white  lead  should  be  mixed  sufficiently  thin 
to  make  it  work  well  into  the  wood,  and  both  the  lead 
and  the  pole  paint  should  be  applied  evenly  and  firmly 
in  order  that  crevices  and  exposed  parts  of  the  arm  will 
be  thoroughly  painted. 

Instructions  should  be  issued  to  the  men  who  do  the 
painting  to  work  the  paint  into  all  seasoning  checks  and 
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I'IG.   6 — VIEW   OF   PROPERLY   RACKED   PILE   OF    UNPAINTED   CROSSARMS 

With  roofing  to  protect  them  from  unfavorable  outdoor 
weather.  This  illustrates  the  proper  method  of  racking  arms 
for  either  indoor  or  outdoor  seasoning.  Crossarms  stacked  all 
in  the  same  direction  without  ventilating  spaces  will  not  season 
properly ;  they  may  warp  and  are  apt  to  become  mildewed,  a 
condition  which  starts  decav. 


FIG.  7 — DIAGRAMMATIC  LAYOUT  OF  A   MODEL  POLE  YARD 

Approximately  1000  poles  capacity.  In  practice  the  yard 
might  have  a  different  arrangement  of  racks,  owing  to  the 
greater  or  less  use  of  some  of  the  sizes  of  poles.  Such  a  layout, 
however,  shows  a  general  arrangement  of  racks  and  driveways 
that  would  give  the  best  working  facilities.  This  would  also 
economize  space,  without  cramping,  so  that  poles  will  not 
have  to  be  piled  in  high  heaps  on  the  racks.  The  poles  may  be 
loaded  onto  the  rack  from  a  driveway  at  either  end,  and  may  be 
taken  from  the  rack  in  the  most  convenient  manner.  The  prin- 
cipal advantage  of  such  racking  is  that  the  poles  can  be  sep- 
arated for  seasoning  and  for  the  usual  operations  of  shaving, 
trimming,  gaining,  roofing,  painting  and  creosoting.  Where 
railroad  siding  can  be  brought  to  yard,  the  arrangements  should 
be  such  that  the  poles  can  be  skidded  from  the  cars  to  the  in- 
coming end  of  the  seasoning  racks.  The  racks  may  be  built 
from  12  to  36  inches  above  ground.  They  may  be  made  to 
any  slope  at  any  desired  point,  so  that  the  grade  will  aid  in 
transferring  poles  from  the  loading  end  to  working  end  of 
the  rack. 

other  openings  in  the  wood ;  also  to  inspect  each  arm 
carefully  to  see  that  it  has  no  serious  defects  and  that 
decay  has  not  already  set  in.  This  is  important,  and 
advantage  should  be  taken  of  such  opportunity  to  weed 
out  defective  arms. 

Fig.  6  shows  a  method  of  storage  which  will  ensure 
rapid  but  thorough  seasoning  of  crossarms.     The  roof 
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can,  of  course,  be  omitted  in  case  the  crossarms  are  not 
exposed  to  the  weather. 

STORAGE  OF  POLES 

The  foregoing  refers  particularly  to  the  brush  treat- 
ment of  poles  and  the  storage  and  painting  of  cross- 
arms.  It  now  remains  to  illustrate  the  decided  advan- 
tages of  racking  and  storing  poles  properly.  Fig.  7 
shows  an  improved  pole  rack,  the  construction  of  which 


Proper  sanitation  of  yards  to  prevent  the  propagation  of 
timber-destroying  fungi. 

Convenient  and  efficient  conditions  for  seasoning,  shaving, 
trimming,  gaining,  roofing,  creosoting  and  painting  poles. 

Convenient  and  efficient  conditions  for  separating,  classify- 
ing and  recording  different  sizes  of  poles. 

Convenient  and  practical  layout  of  driveways,  giving  proper 
conditions  for  handling  and  loading  operations. 


In  conclusion,  it  should  be  stated  that  data  giving 
the  specific  cost  of  any  particular  treatment  or  the  rela- 


I  Ic     N — GENER.'M,   CONSTRUCTION    OF   POLE   RACKS 

is  illustrated  in  Fig.  8.  Figs.  9  and  10  show  actual  work- 
ing operations  and  illustrate  the  convenience  and  safer 
conditions  of  a  properly  built  pole  rack. 

If  pole  racks  are  built,  incoming  poles  can  be  stored 
on  portions  of  them  and  there  kept  until  they  are  suf- 
ficiently dry  to  permit  the  application  of  creosote.  When 
the  poles  have  reached  this  stage  they  can  be  easily 
rolled  along  the  racks  to  a  convenient  place  for  the 
shaving,  trimming  and  gaining  work.  After  shaving, 
trimming  and  gaining  they  can  be  rolled  to  a  convenient 
place  for  the  butt  treatment  and  painting  of  the  upper 
part  of  the  pole.  The  cost  of  these  racks  should  be 
slight,  as  old,  sound  poles  or  old  rails  and  metal  beams 
can  be  used  :  and  the  work  can  be  done  by  the  pole  gangs 
at  odd  times.  Where  yards  are  owned,  or  are  apt  to  be 
leased  indefinitely,  the  uprights  should  be  brush-treated 
with  two  coats  of  creosote.  The  installation  of  these 
racks    will    provide     many '  advantages     over     cruder 


KIG.   10 — METHOD  OF  LOADING  OR  UNLOADING  POLES  ON   RACKS 

tive  costs  of  the  several  kinds  of  treatment  are  pur- 
posely omitted.  It  is  felt  that  the  extreme  variation  of 
costs  throughout  the  country  might  cause  such  compari- 
sons to  be  misleading,  and  any  general  figures  would  not 
be  useful  for  local  application.  The  cost  of  equipment 
varies  considerably,  and  the  cost  of  labor  and  creosote 
would  not  be  constant.  Also,  there  is  always  a  material 
difference  between  the  costs  of  small  and  large  opera- 
tions ;  and  whether  the  work  is  done  at  convenient  or 
inconvenient  times.  Those  companies  which  are  con- 
templating treating  work  should  secure  prices  of  creo- 
sote and  carefully  estimate  the  cost  of  the  equipment 
which  would  be  needed  in  carrying  out  the  process  best 
suited  to  the  local  conditions.  The  local  data  should 
then  be  checked  with  the  estimates  and  other  informa- 
tion given  in  the  National  Electric  Light  Association 
preservative  reports  and  in  the  bulletins  which  have 
been  issued  by  the  Forestry  Service  bearing  upon  its 
creosoting  investigations.     It  is  also  suggested  that  in- 


FIG.    9 — VIEW    OF   POLE    YARD 

Illustrating  the  convenience  of  pole  racks  in  performing  the 
various  operations  on  poles. 

methods ;  and  such  practice  ought  to  be  followed  even 
if  creosoting  of  the  poles  is  not  adopted.  The  principal 
advantages  are : — 

Increased  safety,  as  accidents  may  occur  where  poles  are 
piled  carelessly  in  high  heaps. 

The  greatly  improved  appearance  of  pole  yards. 
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FIG.   II— POLE  RACK  BUILT  OF  OLD  STEEL  RAILS  ON  CONCRETE  PILLARS 

quiry  be  made  regarding  other  member  companies'  ex- 
periences. Probably  the  Question  Box  of  the  National 
Electric  Light  Association  Bulletin  would  be  a  good 
channel  for  obtaining  such  information.  It  is  desirable 
for  all  companies  to  co-operate  in  a  movement  to  open 
up  this  subject  and  to  stimulate  fuller  discussion  of  pre- 
servative problems. 


The  Application  of  Current-Limiting  Reactors 


H.  H.  RuDD  and  W.  M.  Dann 


CURRENT-LIMITING  reactors  are  designed  to 
limit  to  a  predetermined  value  the  current  that 
can  flow  when  a  short-circuit  occurs  in  alter- 
nating-current circuits  in  which  they  are  placed.  Lim- 
iting the  short-circuit  current  benefits  both  the  gener- 
ating and  distributing  system  by  reducing  the  mechan- 
ical stresses  in  connected  apparatus,  and  by  minimizing 
the  reduction  in  voltage  due  to  a  short-circuit. 

PROTECTIOX  TO  APPARATUS 

The  current  at  short-circuit  depends  upon  the  im- 
pedance of  the  circuit.  The  mechanical  stresses  that  are 
produced  at  such  a  time  in  the  windings  of  connected 
apparatus  and  in  switches  and  cables  are  proportional  to 
the  square  of  the  current.  If  the  impedance  of  the  cir- 
cuit is  low,  and  hence  the  short-circuit  current  high, 
these  mechanical  stresses  may  become  tremendous,  and 
unless  everything  in  the  circuit  is  substantially  con- 
structed and  all  windings  are  securely  braced,  distortion 
and  breakdown  may  result.  By  introducing  an  addi- 
tional reactance  in  the  circuit,  the  impedance  is  increased 
and  the  short-circuit  current  is  reduced.  If  by  inserting 
reactance  in  the  circuit  the  total  amount  of  reactance  is 
doubled,  the  short-circuit  current  will  be  halved  and  the 
stresses  reduced  to  one-fourth  of  their  previous  value. 

PROTECTION  TO  SERVICE 

The  heavy  currents  that  can  flow  in  a  system  which  is 
unprotected  by  reactance  coils,  besides  creating  severe 
mechanical  shocks  which  may  cause  an  interruption  of 
the  service,  produce  a  large  drop  in  voltage,  due  both  to 
the  impedance  drop  in  the  circuit,  and  to  a  demagnetiz- 
ing effect  produced  by  the  heavy  current  on  the  gener- 
ator fields.  This  drop  in  voltage  affects  the  whole  sys- 
tem. Reactors  may  be  placed  in  the  circuits  in  such  a 
way  that  they  will  not  only  reduce  the  mechanical  strains 
due  to  short-circuit,  but  will  also  practically  localize  its 
efifects  in  the  feeder  or  section  where  it  occurs,  and  its 
effect  on  other  feeders  or  bus-sections  will  be  minimized. 

RATING  OF  REACTORS 

It  is  convenient  to  express  reactance  as  a  percentage 
of  the  normal  voltage  rather  than  in  terms  of  the  volt- 
age drop  for  a  certain  current.  A  single-phase  system 
is  shown  in  Fig.  2.  The  line  current  produces  a  drop 
of  1 15  volts  through  the  reactance.  The  percentage  react- 
ance, therefore,  is  115  divided  by  2300,  or  five  percent. 
The  relations  for  a  three-phase  system  are  shown  in 
Fig-  3.  where  an  11  000  volt  system  is  taken  for  exam- 
ple. As  the  voltage  across  phases  is  11  000  volts,  the 
voltage  between  line  and  neutral  is  6350  volts.  The  cur- 
rent is  in  phase  with  the  voltage  from  line  to  neutral. 


and  therefore  when  this  current  produces  a  drop 
through  the  reactance  coil  it  is  expressed  as  a  percentage 
of  the  voltage  in  phase  with  the  current  (317.5  -^  6350), 
or  five  percent.  In  this  case  the  k.v.a.  rating  of  each  of 
the  reactors  will  be,  if  they  are  single-phase,  317.5  times 
100,  or  31.75  k.v.a.;  or,  if  a  ihree-jihase  coil  is  used, 
three  times  31.75,  or  95.25  k.v.a. 

The  characteristics  of  a  current  limiting  reactor  are 
definitely  fixed  by  a  statement  of 

(7 — The  reactance  expressed  as  a  percentage  of  the  normal 
voltage  of  the  circuit. 

b — The  characteristics  of  the  circuit  in  which  it  is  to  be 
placed,  with  respect  to  (I)  normal  k.v.a.,  (2)  normal  voltage 
between  wires,  (3)  phase  of  the  circuit.  (4)   frequency. 

c — The  temperature  at  which  it  operates  under  maximum 
continuous  current. 


FIG.    I — A    RE.\CT.\XCE    coil.    PARTLY    WOl'.VD 

Showing  method  of  transposition  of  multiple  conductors. 

The  normal  current  for  the  coil  will  be  the  normal 
value  of  the  current  of  the  circuit  in  which  it  is  placed. 
For  a  single  or  two-phase  circuit  this  current  will  equal 
the  normal  k.v.a.  per  phase  divided  by  the  normal  line 
voltage;  for  a  three-phase  circuit  it  will  equal  the  total 
normal  three-phase  k.v.a.  divded  by  1.73  times  the  volt- 
age between  wires. 

The  normal  voltage  drop  across  the  coil  will  be  de- 
veloped when  normal  current  at  normal  frequency  is 
flowing  through  the  coil.    This  voltage  drop  will  be  the 


THE    ELECTRIC   JOURNAL 


281 


given  percentage  of  the  normal  voltage  between  wires  in 
a  single-phase  or  two-phase  circuit ;  or  the  given  per- 
centage of  the  voltage  from  line  to  neutral  (=  voltage 
between  wires  -=-  1.73)  in  a  three-phase  circuit. 

Current-limiting  reactors  must  of  necessity  carry  the 
maximum  overload  currents  which  the  circuit  is  called 


FIG.  2  FIG.  3 

Fig.  2 — Reactor  in  a  single-phase  system. 
Fig.  3 — Reactors  in  a  three-phase  system. 

upon  to  carry,  and  with  a  reasonable  ultimate  tempera- 
ture. Reactors  of  this  kind,  however,  can  safely  operate 
at  a  higher  temperature  than  would  be  safe  for  gener- 
ators and  transformers,  due  to  the  open  and  well-venti- 
lated construction  which  is  possible,  and  for  the  reason 
that  materials  which  will  not  be  injured  by  such  tem- 
peratures can  be  used.  Since  a  higher  operating  temper- 
ature is  reasonable  and  is  an  important  factor  in  reduc- 
ing the  size  and  cost  of  such  coils,  a  temperature  rise  of 
75  degrees  C.  under  maximum  continuous  current  rep- 
resents common  practice. 

Coils  should  be  rated  for  their  maximum  continuous 
current  condition  because,  owing  to  their  open  construc- 
tion, a  coil  will  reach  its  maximum  temperature  for  a 
given  load  within  a  period  of  a  few  minutes.  Specifying 
that  the  coils  of  the  cables  should  stand  an  overload  for 
two  hours  or  for  one  hour  without  exceeding  a  definite 
rise  is  practically  equivalent  to  requiring  that  the  coils 
shall  stand  that  load  continuously. 

LOCATION   OF  REACTORS 

Current-limiting  reactors  may  be  used  to  advantage 
in  the  generator  leads ;  between  sections  of  the  bus ;  in 


IK..   4      I'.IS   STRUCTURE  OF  BRUNOTS  ISLAND  POWER  STATIiiN   (H'   THK 
DUQUESNE  LIGHT   COMPANY,   PITTSBURGH 

Showing  bus-tie  reactance  coils. 

the  outgoing  feeders.  Past  experiences  with  short- 
circuits  will  usually  serve  to  show  where  such  troubles 
are  most  likely  to  occur ;  having  data  of  this  kind,  a 


study  of  the  system  will  determine  the  most  suitable 
location  of  the  reactors. 

If  the  generator  windings  show  any  signs  of  weak- 
ness and  the  records  show  that  short-circuits  between 
the  generators  and  the  bus-bars  are  not  uncommon, 
reactors  should  be  placed  directly  in  the  generator  leads. 
This  is  the  surest  method  of  protecting  a  weak  gener- 
ator or  its  circuit-breakers ;  it  is  not  very  effective,  how- 
ever, in  limiting  the  current  that  can  flow  into  a  short- 
circuit  on  some  feeder,  and  it  does  very  little  good  in 
minimizing  the  drop  of  voltage  at  the  bus-bars  and  pre- 
venting generators  from  falling  out  of  step. 

If  a  number  of  generators  are  used  in  parallel,  a 
short-circuit  in  any  generator  or  between  a  generator 
and  the  bus-bars  will  cause  all  of  the  generators  to  feed 
into  the  short-circuit,  and  the  bus-bar  voltage  will  drop 
practically  to  zero.  If  such  short-circuits  are  likely  to 
occtir,  it  is  desirable  to  sectionalize  the  bus  and  place 
reactors  between  the  sections.  This  will  limit  the  cur- 
rent that  can  flow  between  generators,  and  will  have  a 
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FIG.    5— EFFECT    OF    VARIOUS    FEEDER   REACTANCES    IN    LIMITING    THE 
SHORT-CIRCUIT   CURRENT   IN   FEEDERS 

Generator  reactance  assumed  to  be  10  percent. 

marked  efTect  on  maintaining  the  voltage  of  the  bus-bars 
when  a  short-circuit  occurs. 

If  a  large  percentage  of  the  short-circuits  occur  out- 
side of  the  station  on  the  feeders  (and  statistics  show 
that  this  is  where  the  majority  of  such  troubles  do 
occur),  reactors  placed  in  the  feeder  circuits  will  be 
very  effective  in  protecting  the  apparatus  and  maintain- 
ing service.  The  feeder  reactor  will  practically  localize 
the  trouble  in  the  circuit  where  it  originates ;  the  reduced 
short-circuit  current  in  that  one  feeder  will  be  of  little 
importance  in  its  effect  on  the  generators  and  therefore 
on  the  bus-bar  voltage ;  the  feeder  circuit  breakers  will 
be  protected  and  the  circuit  opened  more  safely. 

It  has  been  the  common  experience  in  cases  where 
the  generating  capacity  of  a  station  is  increased  from 
time  to  time  that  the  feeder  cables  and  circuit-breakers 
begin  to  give  trouble  on  account  of  the  increased  severity 
of  short-circuit  troubles.  When  reactors  are  inserted  in 
the  feeder  circuits,  additions  to  the  generating  capacity 
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become  of  very  much  less  importance  in  increasing  the 
short-circuit  troubles.  In  stations  of  the  usual  type 
where  the  feeders  are  relatively  small  in  capacity  com- 
pared to  the  total  generating  capacity,  feeder  reactors 
of  the  proper  size  will  render  the  feeders  practically  im- 
mune from  further  troubles,  no  matter  how  large  the 
generating  capacity  becomes. 

In  the  past,  with  an  addition  of  a  considerable 
amount  of  generating  equipment  to  a  system,  it  has 
often  been  necessary  to  change  the  oil  circuit-breakers, 
owing  to  the  fact  that  they  would  not  be  capable  of  open- 
ing a  short-circuit  with  the  additional  amount  of  power 
behind  it.  Assume,  for  instance,  a  loooo  k.v.a.  power 
station  having  ten  looo  k.v.a.  feeders.  Further  assume 
that  the  switch  is  capable  of  rupturing  a  short-circuit  of 
200  GOO  k.v.a.  If  the  generators  have  ten  percent  react- 
ance a  short-circuit  in  the  feeders  would  be  equivalent  to 
a  100  DOG  k.v.a.  short-circuit  to  be  handled  by  the 
switch,  which  would  have  ample  capacity  to  take  care  of 
this  condition.  However,  if  the  capacity  of  the  station 
be  doubled,  it  will  be  seen  that  the  short-circuit  to  be 


short-circuit,  the  time  taken  for  the  voltage  to  drop  to 
the  same  low  voltage  will  be  longer. 

Synchronous  apparatus  will  stand  a  complete  loss  of 
voltage  for  a  few  cycles  only,  but  will  stand  a  reduction 
in  voltage  for  a  longer  period.  It  is  important  then  that 
the  value  of  the  short-circuit  be  small,  and  that  it  be 
cleared  in  the  shortest  possible  time.  Introducing  re- 
actors will  limit  the  maximum  value  of  the  current,  and 
with  the  latest  type  of  relays,  the  time  required  for  selec- 
tive action  can  be  reduced  and  the  time  setting  of  the 
feeder  circuit-breakers  can  be  made  shorter.  In  other 
words,  the  trouble  can  be  localized  and  cleared  before 
the  apparatus  on  the  rest  of  the  system  is  aflfected. 

In  considering  the  amount  of  current  that  will  feed 
into  a  short-circuit,  the  synchronous  apparatus  con- 
nected to  the  system  in  the  form  of  load  must  be  taken 
into  account,  as  on  a  short-circuit  there  is  a  tendency  for 
them  to  feed  back  into  the  system,  due  to  the  inertia  of 
their  rotating  elements. 

One  of  the  serious  effects  of  a  drop  in  bus-bar  volt- 
age is  that  all  synchronous  apparatus  connected  to  the 
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FIG.  6 — INCREASE  IN  REGULATION   FOR  CIRCUITS   OF  VARIOUS   POWER- 
FACTORS   WHEN   REACTANCE  IS   ADDED 

handled  by  the  switch  is  200000  k.v.a.,  or  is  up  to  the 
limit  of  the  rupturing  capacity  of  the  switch.  Assume, 
now,  that  a  reasonable  amount  of  reactance  is  to  be  in- 
serted in  each  feeder,  say  three  percent.  Under  condi- 
tion of  short-circuit  with  unlimited  power  behind  the 
switch,  the  maximum  k.v.a.  rupturing  capacity  that  the 
switch  will  have  to  take  care  of  will  be  33  000.  In  other 
words,  introduction  of  a  reasonable  amount  of  react- 
ance in  series  with  the  feeders  makes  the  oil  circuit- 
breakers  suitable  to  take  care  of  operating  conditions,  no 
matter  what  the  size  of  the  station  may  become. 

When  a  short-circuit  occurs  on  a  system  the  voltage 
will  drop,  depending  on  the  magnitude  of  the  short- 
circuit  and  the  inherent  characteristics  of  the  generators. 
Reactors  introduced  will  limit  the  value  of  the  short- 
circuit.  A  heavy  severe  short-circuit,  such  as  may  occur 
when  there  are  no  reactors,  will  cause  the  voltage  to  drop 
to  a  low  value  in  a  few  cycles,  whereas  on  a  less  severe 
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FIG.   7 — WATTS   LOSS   IN   REACTORS   OF   DIFFERENT    SIZES 

system  will  be  likely  to  fall  out  of  step.  Reactors  placed 
directly  in  the  generator  leads  will  offer  no  protection 
against  such  trouble.  Bus-bar  reactors  will  be  eflfective 
in  confining  the  trouble  to  one  section  of  the  bus.  Feeder 
reactors  will  be  most  effective,  as  they  will  minimize  the 
effects  of  a  short-circuit  on  the  bus-bar  voltage. 

The  size  and  number  of  generators  in  a  system 
where  the  need  for  reactors  is  felt,  the  size  and  number 
of  the  feeders,  the  cost  of  the  reactors  and  the  space 
available  for  their  installation  are  some  of  the  factors  to 
be  taken  into  account.  The  study  of  a  particular  system 
might  result  in  a  combination  of  more  than  one  of  the 
locations  referred  to,  or  perhaps  all  three.  For  instance, 
the  bus-tie  reactance  coils  shown  in  Fig.  4  are  con- 
nected between  the  sections  of  the  bus-bars,  but  are 
normally  short-circuited  by  quick-acting  automatic  oil 
circuit-breakers,  which  open  on  heayv'  overload  and  cut 
the  reactors  into  the  circuit. 
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AMOUNT   OF    REACTANCE 

Reactance  may  be  compared  to  life  insurance.  The 
amount  should  be  sufficient  to  give  protection ;  it  should 
not,  however,  be  so  great  that  it  is  a  hardship  to  carry 
it.  With  no  reactance,  no  protection  is  given.  With  an 
unreasonably  large  amount  of  reactance  the  first  cost 
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FIG.  8 — RELATIVE  COSTS  OF  REACTORS  OF  DIFFERENT  SIZES 

and  the  cost  of  the  electrical  losses  in  the  reactors  form 
an  excessive  premium  to  pay. 

In  considering  the  amount  of  reactance  to  be  placed 
in  the  leads  of  generators,  the  armature  reactance  of  the 
machine  and  the  short-circuit  current  it  would  allow,  if 
left  to  itself,  must  be  considered.  A  high-speed  turbo- 
generator may  have  from  7.5  to  10  percent  inherent 
reactance  at  the  instant  of  short-circuit ;  a  slow-speed 
engine  or  waterwheel  type  of  generator  may  have  twice 
this  amount.  Five  percent  reactance  added  externally  to 
the  turbogenerator  with  its  7.5  percent  reactance  will 
reduce  the  current  at  short-circuit  to  60  percent  of  what 
it  would  be  without  protection,  and  the  mechanical 
stresses  would  be  reduced  to  36  percent.  The  same 
amount  of  reactance  added  to  the  slow-speed  generator 
with  its  15  percent  inherent  reactance  will  reduce  the 
short-circuit  current  to  75  percent  of  what  it  would  be 
without  external  reactance,  and  the  mechanical  stresses 
would  be  reduced  to  56  percent.  The  inherent  charac- 
teristics of  the  generator,  then,  play  an  important  part  in 
fixing  the  right  amount  of  external  reactance  to  get  a 
certain  amount  of  protection  for  a  generator. 

The  amount  of  reactance  which  should  be  placed  be- 
tween sections  of  a  bus-bar  can  usually  be  determined 
only  by  a  careful  study  of  the  layout  of  the  system.  In 
general,  a  compromise  must  be  effected  between  a  large 
amount  of  reactance,  which  would  have  the  maximum 
effect  in  protecting  the  system  and  maintaining  bus-bar 
voltage,  and  a  small  amount  of  reactance,  which  would 
permit  more  nearly  equal  loading  of  the  generators  in 
parallel,  under  normal  conditions. 

The  amount  of  reactance  to  be  placed  in  feeders 
will  depend  upon  the  size  of  the  feeder,  the  relation  its 


capacity  bears  to  the  generator  capacity,  and  the  capacity 
of  the  circuit-breakers.  Consider  a  station  having  a  gen- 
erating capacity  of  10  000  k.v.a.,  the  generators  having 
an  inherent  reactance  of  ten  percent.  If  the  output  is 
distributed  over  ten  1000  k.v.a.  feeders  unprotected  by 
reactances,  a  short-circuit  on  any  feeder  will  draw 
100 000  k.v.a.  from  the  generators;  this  is  one  hundred 
times  the  normal  capacity  of  the  feeders.  The  reactance 
of  the  generators  is  therefore  equivalent  to  one  percent 
reactance  in  the  feeders.  If  three  percent  extra  react- 
ance is  placed  in  each  feeder,  the  conditions  will  be 
equivalent  to  a  total  of  four  percent ;  the  short-circuit 
current  will  then  be  limited  to  twenty-five  times  the  nor- 
mal current  of  the  feeder,  or  25  000  k.v.a.  on  the  gener- 
ators, and  the  mechanical  stresses  in  the  system  will  be 
reduced  to  only  6.25  percent  of  the  value  they  would 
attain  without  the  three  percent  reactances. 

If  the  10  000  k.v.a.  generator  capacity  is  distributed 
in  two  5000  k.v.a.  feeders  unprotected  by  reactors,  the 
short-circuit  output  of  100  000  k.v.a.  represents  twenty 
times  the  normal  capacity  of  the  feeder,  and  the  gener- 
ator reactance  is  equivalent  to  five  percent  protecting 
reactance  in  the  feeder.  This  current  is  less  in  propor- 
tion to  the  normal  current  than  in  the  case  of  the  1000 
k.v.a.  feeders  with  their  three  percent  reactances.  As  far 
as  protection  to  the  feeder  itself  is  concerned  very  little 
extra  reactance,  if  any,  is  required.  To  limit  the  gen- 
erator current  to  the  same  figure  as  in  the  previous  case, 
and  thereby  keep  the  bus-bar  voltage  up  to  the  same  de- 
gree, would  require  an  extra  feeder  reactance  of  fifteen 
percent.  To  get  the  equivalent  protection  for  the  bus- 
bar voltage,  the  percentage  reactance  for  each  feeder 
may  therefore  be  reduced  as  the  number  of  feeders  is 
increased. 

EFFECT  ON   REGULATION 

Increasing  the  reactance  in  the  system  results  in  a 
slightly  lower  power-factor  and  slightly  poorer  regula- 


FIG.   9 — WESTINGHOUSE    FEEDER   REACTANCE   COILS,   BRUNOTS    ISLAND 
POWER  STATION 

tion,  the  eflfect  on  the  regulation  being  more  marked  if 
the  operating  power-factor  is  much  below  unity.  How- 
ever, the  amount  by  which  the  voltage  of  the  system  is 
lowered  is  not  seriously  large  and  can  be  compensated 
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for  by  increasing  the  voltage  of  the  generators.     Thecost  of  a  ten  percent  reactor  is  assumed  as  one  hundred 
amount  by  which  the  voltage  of  the  system  is  lowered     percent,  and  shows  approximately  what  the  cost  of  less 


by  the  addition  of  reactance  for  several  different  power- 
factor  conditions  is  shown  in  Fig.  6.  For  example,  if 
five  percent  reactances  are  added  in  all  of  the  feeders  of 
a  station  and  the  operating  power  factor  is  80  percent, 
the  generators  should  be  excited  to  give  three  percent 
more  voltage,  to  maintain  the  same  bus-bar  voltage  that 
would  be  secured  without  the  reactors. 

EFFECT  ON  LOSSES  OF  SYSTEM 

The  losses  of  reactors  expressed  in  watts,  which  are 
due  to  the  losses  in  the  conductors,  form  an  appreciable 
amount  and  should  be  taken  into  consideration  in  laying 
out  the  reactors  for  any  system.  These  losses  will  de- 
pend to  a  very  considerable  extent  on  the  particular 
characteristics  of  the  coils  involved.  They  will,  how- 
ever, be  approximately  0.2  to  0.5  percent  of  the  total 
kilowatts  of  the  circuit  on  which  they  are  to  be  used. 
Fig.  7  shows  the  way  in  which  the  losses  vary  with 
different  sizes  of  reactors.  If  for  a  given  feeder  a  ten 
percent  coil  has  a  loss  of  100  percent,  a  five  percent  coil 
would  have  a  loss  of  approximately  66  percent  and  a 
2.5  percent  coil  of  43  percent. 

COST 

The  costs  of  current-limiting  reactor  units  of  differ- 
ent sizes  are  not  directly  proportional  to  their  capacity ; 
they  follow  more  nearly  the  cost  characteristics  of  a  line 
of  transformers  or  generators ;  i.  e.,  the  larger  the  size 
the  less  is  the  cost  per  unit  of  reactance.    In  Fig.  8  the 


reactance  would  be  in  terms  of  the  cost  of  the  ten  per- 
cent unit. 

The  total  expense  of  providing  reactance  is  not  alone 
in  the  cost  of  the  reactors  themselves ;  the  cost  of  pro- 
viding space  and  actually  installing  them  is  involved  as 
well.  Taking  this  into  account  it  will  be  found  that 
three  percent  coils,  for  instance,  can  be  provided  with 
but  little  additional  expense  over  one  percent  or  two 
percent  coils. 

ADDITIONAL    ADVANTAGES    OF    REACTANCE    COILS 

A  system  consisting  of  two  or  more  generating  sta- 
tions in  parallel  will  be  more  stable  if  reactance  coils 
are  used.  The  stability  of  the  system  depends  upon  the 
synchronizing  power  tending  to  hold  the  generators  in 
step.  A  sudden  load  or  disturbance  near  one  station 
may  cause  its  generators  to  drop  in  speed.  This  will 
cause  a  shifting  in  the  phase  of  their  voltage.  The  dif- 
ference in  this  voltage  and  the  voltage  of  the  other  gen- 
erators will  be  relatively  small  and  will  be  almost  90 
degrees  out  of  phase  with  the  generator  voltages.  This 
out  of  phase  voltage  will  circulate  a  local  current  be- 
tween the  generators  and,  if  the  circuit  has  plenty  of 
reactance,  the  phase  of  this  local  current  is  displaced 
almost  90  degrees  from  the  relatively  small  voltage 
which  causes  it,  or  in  other  words,  is  almost  in  phase 
with  the  generator  voltage,  thereby  giving  the  maximum 
synchronizing  power. 


Electricity  in  Woodworking 

C.  X.  Johnson 
•       Industrial  Department, 
Westinghouse  Electric  &  Mfg.  Company 

SINCE  TIMBER  in  its  many  finished  forms  bears  a  very  close  relation  to  our  everyday  life,  it  is  natural  to 
suppose  that  many  people  are  interested  in  the  improvement  of  the  woodworking  industry.  Statistics  show 
that  there  are  more  wage-earners,  a  larger  number  of  plants  and  a  greater  horse-power  of  equipment  repre- 
sented in  the  manufacture  of  wood  products  than  under  any  other  classification.  The  following  article 
outlines  a  few  of  the  many  advantages  which  have  accrued  to  the  woodworker  through  the  use  of  electricity, 
and  indicates  some  of  the  problems  encountered  by  the  commercial  electrical  engineer. 


THE  one  use  of  electricity  which  is  practically  uni- 
versal with  all  plants  is  that  for  lighting.  It  is  by 
far  the  most  satisfactory  and  safest  light  source 
available.  A  considerable  portion  of  work,  especially  in 
finishing  mills,  is  done  under  artificial  light,  and  too 
often  lighting  of  the  plant  has  not  been  given  its  proper 
attention.  It  must  be  remembered  that  where  the  plant 
does  not  have  good  natural  lighting  the  proper  arrange- 
ment of  modern  incandescent  lighting  units  will  ma- 
terially assist  production  and  lower  the  accident  risk. 

A  general  discussion  of  the  advisability  of  using 
electric  power  for  driving  the  various  machines  in  the 
factory  must  necessarily  cover  two  conditions,- — first, 
that  of  the  new  plant  just  being  installed,  and  second, 


the  old  plant  at  present  driven  by  some  other  motive 
power.  A  great  many  of  the  points  considered  in  the 
first  case  will  apply  to  the  old  plant  being  changed  over. 
In  locating  the  sawmill  where  the  incoming  material 
is  received  direct  from  the  forest  it  is  necessary  to  con- 
sider the  location  of  the  supply  of  raw  material,  and  to 
place  the  plant  so  that  the  incoming  logs  may  be  handled 
economically.  For  the  finishing  mill  the  features  affect- 
ing location  are  quite  different.  A  group  of  factories 
are  frequently  located  in  some  particular  section  of  the 
country,  turning  out  a  certain  product  with  apparently 
little  reason  for  such  location.  Here  it  is  often  the  case 
that  formerly  the  raw  material  could  be  obtained  easily 
at  this  point  and  local  conditions  appeared  ideal  to  some- 
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one  wishing  to  engage  in  this  particular  industry.  \\'ork- 
men  proficient  in  this  class  of  industry  were  attracted, 
and  when  the  first  company  branched  out,  or  when  an- 
other company,  wishing  to  engage  in  the  manufacture 
of  a  similar  line,  found  labor  and  other  conditions  sat- 
isfactory, thev  located  in  the  same  section.     Recently  a 


chj.   1 — A  LuMFALi    .MI.lHia.  ut   Al'l'LVING  MOTOR  DRIVE  AND 
MOUNTING   CONTROL 

This  is  a  10  hp,  1740  r.p.m.  squirrel-cage,  motor  direct  con- 
nected to  self-feed  edging  and  ripping  saw ;  maximum  capacity 
five-foot  stock. 

large  number  of  factories  have  found  it  to  their  advan- 
tage to  select  a  location  more  particularly  with  reference 
to  the  disposal  of  the  finished  output.  In  the  latter  case 
it  is  often  desirable  to  do  away  with  all  unnecessary 
smoke  and  objectionable  gases,  such  as  would  result 
from  a  steam  or  gas  plant,  and  to  take  advantage  of 
electric  drive  where  current  for  operation  may  be  ob- 
tained from  a  local  power  company.  Also,  in  all  types 
of  factories,  the  better  class  of  labor  will  be  attracted  to 
those  plants  where  working  conditions  are  the  best  and 
where  risk  of  accident  is  reduced  to  a  minimum.  It  is 
not  to  be  denied  that  a  great  advance  in  these  respects 


FIG.   2 A    KO\V   Ml-    llciKI/iiN  I  Al.,    MX. .1.1;    SPINDLE  BORERS 

Each  driven  by  a  two  hp,  1720  r.p.m.  squirrel-cage  motor. 
The  motor  is  started  with  a  knife  switch,  which  is  mounted  on 
opposite  side  of  borer  in  an  enclosed  metal  box. 

has  been  brought  about  by  the  advent  of  electric  motor 
drive.  In  the  construction  of  a  new  plant  experience  has 
also  shown  that  individual  motor  drive  throughout  will 
allow  the  use  of  a  building  of  much  lighter  construction 


than  would  be  required  to  support  the  heavy  shafting 
and  withstand  the  strains  entailed  by  any  other  form  of 
drive. 

If  motor  drive  is  decided  upon  at  the  time  of  con- 
structing a  new  plant  the  question  will  arise  as  to 
whether  power  for  operating  the  motors  will  be  gener- 
ated in  a  power  house  installed  in  connection  with  the 
plant,  or  whether  this  extra  expense  will  be  eliminated 
and  a  contract  for  the  supply  of  power  entered  into  with 
the  local  central  station.  Where  power  is  purchased 
the  fire  and  accident  risk  incident  to  the  proximity  of 
high-pressure  boilers  is  entirely  eliminated.  If  steam 
is  required  for  dry  kilns,  or  heating,  this  may  be 
generated  in  a  low-pressure  boiler  taken  care  of  by 
unskilled  labor.  Where  pow'er  is  generated  a  very 
considerable  amount   of   supervision   is   required    from 


KIG.  3 — A  CONVENIENT  METHOD  OE  MOUNTING  A    MOTOR  OX  THE 
HEAD  OF  A  SWING  CUT-OFF   SAW 

those  in  authority,  which  must  be  taken  into  account 
as  an  appreciable  item.  It  is  very  often  necessary  to 
operate  small  sections  of  the  shop  outside  of  reg- 
ular hours  to  take  care  of  rush  orders,  and  where  power 
is  purchased  this  work  can  be  handled  with  a  cost 
for  power  only  in  proportion  to  the  actual  amount  of 
power  used.  In  all  live  organizations  there  will  come 
a  time  when  it  will  be  necessary  to  increase  the  produc- 
tion of  the  factory  by  installing  additional  equipment. 
With  a  plant  driven  from  a  single  power  unit,  such  as 
a  steam  or  gas  engine,  it  is  too  often  the  case  that  new 
additions  are  provided  for  by  extending  the  shafting  or 
bv  belting  from  the  present  shafting  until  the  power 
intended  to  be  delivered  to  the  most  distant  machines 
will  have  become  lost  in  a  maze  of  shafting  and  belting. 
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It  is  no  uncommon  thing  in  plants  of  this  character  to 
find  a  friction  load  of  75  percent  of  the  total  power. 
Where  the  plant  is  motor  driven  throughout  and  power 
is  supplied  from  generating  equipment  in  connection 
with  the  factory,  provision  must  be  made  in  the  original 
power  house  installation  for  this  growth.     If  this  has 


FIG,  4 — A  NOVEL  METHOD  OF   MOUNTING  TWO  SWING  S.\WS  AND 
DRIVING    MOTORS 

The  material  in  this  plant  comes  from  resaws  and  finishing 
machines  shown  in  background  past  a  row  of  swing  saws  ar- 
ranged as  shown  in  this  picture,  where  the  material  is  cut  to  the 
desired  length  for  further  use. 

not  been  done  a  serious  condition  is  very  apt  to  arise 
requiring  unnecessary  expense  in  order  to  correct  this 
deficiency.    It  is  at  this  point  that  many  plants  decide  to 


FIG.  5 — BOX   NAILING   MACHINE  DRIVEN   BY   INDIVIDUAL 
DIRECT-CURRENT  MOTOR 

This  direct-current  motor  has  been  made  absolutely  safe 
for  use  in  woodworking  plants  by  totally  enclosing  with  sheet- 
iron  covers  over  front  and  rear  brackets.  This  is  a  two  hp 
motor  running  at  1200  r.p.m. 

make  a  trial  of  purchased  power  and  eventually  discard 
their  own  generating  equipment. 

Aside  from  the  problems  incident  to  the  building 
and  power  equipment  to  be  considered  with  the  original 


installation,  there  are  .u  large  number  of  other  advan- 
tages to  be  obtained  from  motor  drive  regardless  of  the 
supply  of  power,  which  can  be  considered  briefly : — • 

From  the  owners'  or  directors'  standpoint,  the  most 
successful  manager  of  a  plant  is  one  who  can  show  the 
largest  satisfactory  output  with  the  smallest  outlay.     In 


FIG.  6 — SASH   AND   DOOR   TENONER   FLEXIBLE   COUPLING   TO   A    7.5    HP, 
855  R.P.M.  MOTOR 

the  woodworking  industry  the  cost  of  power  bears  a 
ver)'  appreciable  ratio  to  the  total  cost  of  the  finished 
product.  It  is  in  production,  however,  that  the  use  of 
motor  drive  usually  shows  its  greatest  value.  Maximum 
production  cannot  be  obtained  with  slipping  belts  or 
under  conditions  where  the  operation  of  one  or  two 
heavy  machines  will  materially  reduce  the  operating 
speeds  of  the  remaining  machines  in  the  factory.    With 


FIG.   7 — SASH   AND  DOOR  TENONER  DRIVEN   THROUGH   A   FLEXIBLE 
CHAIN   BY   A   FIVE  HP,    I735   R.P.M.    MOTOR 

Figs.  6  and  7  show  two  satisfactory  methods  of  driving  a 
tenoner.  The  first  cost  of  the  higher  speed  motor  and  chain 
drive  will  be  from  20  to  30  percent  less  than  the  cost  of  a  slow- 
speed  motor  with  coupling  on  this  particular  size,  but  the  life 
of  the  chain  is  limited,  and  in  the  end  the  coupled  drive  will 
prove  cheaper. 

each  of  the  machines  driven  as  an  independent  unit,  the 
operating  speeds,  and  therefore  the  production,  may  be 
maintained  at  a  maximum. 
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In  order  to  secure  the  inaxinuim  and  most  efficient 
production  from  any  factory  the  various  machines  must 
be  so  arranged  as  to  accommodate  the  material  going 
through  with  the  least  possible  handling,  and  this  condi- 
tion   can    only    be    obtained    through    individual    motor 


KIG.  8 — A   SATISFACTORY   BKLT   URI\K    FROM   A   THREE   HP,    I73O  R.P.M. 
SQUIRREL-CAGE   MOTOR  TO  A   HAND   HOLE  CUTTER  IN  BOX   FACTORY 

drive  which  allows  locating  the  machines  without  refer- 
ence to  operation  from  existing  line  shafting. 

The  high  operating  speeds  of  woodworking  machines 
permits  the  elimination  of  all  unnecessary  countershafts 
and  belts,  and  in  many  cases  allows  the  direct  coupling 
of  high-speed  motors  to  the  operating  parts  of  the  ma- 
chines. This  is  particularly  exemplified  in  the  use  of 
3600  r.p.ni.  motors,  direct  connected  to  planer  and 
matcher   heads,   the   colipling   of   900   and    1200   r.p.m. 


FIG.    9 — \   COXVEXIKNT    .\KR.\  Xr.KM  KXT    FOR    MOUXTlXi.    A    THRF^E    HP. 

1730   R.P.M.    SQUIRREL-CAGE    MOTOR    FOR   DRIVING 

VERTICAL  BELT  SANDER 

The  individual  drive  on  this  machine  allowrs  it  being  placed 
in  the  most  advantageous  position  in  the  finishing  department 
without  reference  to  any  line  shaft. 

motors  to  the  machine  countershafts  of  four-side 
moulders,  the  connection  of  1200  and  1800  r.p.m.  motors 
directly  to  saw  arbors,  and  the  mounting  of  small  motors 
in  the  head  stocks  of  wood  lathes. 


With  individual  motor  drive  each  machine  uses 
power  only  wdien  it  is  actually  in  service.  With  shaft 
drive  there  is  always  the  continual  friction  loss  of  a  con- 
siderable section  of  line  shafting  and  a  number  of  belts 
which  is  directly  chargeable  to  each  machine.  Motor 
drive  allows  the  u])-to-(late  manager  to  check  the  power 


FIG.    10 — A    10    HP.   850   R.P.M.    SQUIRREL-CAGE    MOTOR,    FLEXIBLY 

COUPLED  TO  THE   END  OF  THE  COUNTERSHAFT   OF  A 

CONTINUOUS   SPEED  GLUE  JOINTER 

consumption  of  his  different  departments  against  pro- 
duction in  that  department,  as  well  as  the  power  con- 
sumption of  the  individual  machines.  These  figures 
often  show  unnecessary  losses,  which  may  be  easily 
remedied  when  their  existence  is  evidenced. 

With  reference  to  the  selection  of  motors  to  drive  the 
various  machines,  the  long  experience  of  the  leading 
electrical  manufacturers,  as  well  as  the  builders  of  the 
woodworking  machines  themselves,  has  enabled  these 
companies  to  determine  very  closely  the  size  and  type 
of  motor  best  suited  to  any  given  application.  In 
making  these  applications  it  should  be  borne  in  mind  that 


no      II — \     IIXDERMW     lOUR-lOOI     GLUE    JOINTER     DRIVEN     BY     TWO 

MOIORS     0x1    or    15    HP,    1740  R.P.M. ,   AND  OXE  OF 

10  HP,   1740  R  P.M. 

the  same  machine  uniler  different  conditions  will  often 
require  difterent  sizes  of  motors  and  consume  different 
([uantities  of  power.  In  asking  for  information,  there- 
fore, as  to  what  motor  is  best  for  any  given  machine,  as 
complete  information  as  possible  should  be  given  as  to 
the  size,  type  and  make  of  machine  to  be  driven,  the 
nature  of  the  work  to  be  performed  on  the  machine,  and 
the  various  classes  of  material  to  be  worked. 

A  question  which  is  very  often  a  vital  issue  in  decid- 
ing for  or  against  purchasing  power  is  the  disposal  of 
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the  waste  wood,  shavings  and  sawdust  which  accumu- 
late. The  solution  of  this  question  is  in  every  case  a 
local  one.  In  the  first  place,  it  is  always  policy  for  the 
woodworking  plant  to  reduce  its  small  pieces  of  wood 
waste  to  useful  articles  wherever  possible,  such  as  han- 


FIG.  12 — A   10  HP.  SQUIRRUL-C.AGE  MOTOR  DIRECT  CONNECTED 
TO   A    HOG 

For  reducing  wood  waste  to  suitable  size  for  convenient 
handling. 

dies,  brush  backs,  etc.  In  almost  every  case  the  shavings 
may  be  baled  and  sold  for  any  one  of  a  large  variety  of 
uses.  The  sawdust,  of  which  there  is  very  little  in  fin- 
ishing plants  may  also  be  sold  separately.  Many  cases 
are  on  record  where  the  revenue  from  baled  shavings 
has  more  than  paid  for  the  purchased  power.  The  fact 
that  baled  shavings  in  packages  weighing  approximately 


FIG.    13 — A   35    HP.    II60  R.P.M.    SQUIRREL-CAGE    MOTOR    WTIH    DOUBLE 
E.XTENDEU   SHAFT,   DRIVING   DOUBLE   EXHAUST    FAN 

125  lbs.  will  bring  at  the  mill  from  15  to  25  cents  per 
bale  is  convincing  evidence  that  this  is  very  expensive 
fuel.  These  bales  may  be  produced  at  the  plant  at  a  cost 
of  less  than  five  cents  per  bale,  exclusive  of  the  cost  of 


the  shavings.  With  a  net  profit  of  15  cents  per  bale  one 
ton  would  be  worth  $2.40.  Assuming  that  these  shav- 
ings have  a  heating  value  of  four-tenths  that  of  coal  of 
an  equal  weight,  burning  these  shavings  would  be  the 
equivalent  of  burning  coal  at  six  dollars  per  ton. 

The  chemical  utilization  of  waste  products  from 
small  mills  has  not  up  to  the  present  time  been  worked 
out  satisfactorily.  Very  often  a  number  of  different 
woods  are  used  in  the  same  mill.  Different  woods  re- 
quire different  treatment  and  produce  different  by- 
products. It  is,  therefore,  useless  to  think  of  keeping 
the  refuse  from  the  various  woods  separate  and  sub- 
jecting each  to  the  proper  treatment.  Where  large 
amounts  of  sawmill  refuse  are  available  it  is  possible  to 
put  into  effect  processes  such  as  are  used  for  producing 
by-products  from  timber  cut  for  that  purpose.  Refer- 
ence to  the  method  of  handling  this  subject  may  be 
found  in  a  number  of  books  and  pamphlets.*  A  depart- 
ment of  the  Forest  Service,  United  States  Department 


FIG.    14 — A    GROUP   OF    INDIVIDUALLY    DRIVEN     MACHINES    IN    SMALL 
WOODWORKING   PLANT 

This  group  shows  a  25  hp,  1755  r.p.m.  squirrel-cage  motor 
belted  to  a  36  inch  exhaust  fan,  a  five  hp,  1755  r.p.m.  squirrel- 
cage  motor  belted  to  a  nine-inch  matcher,  and  a  10  hp,  1740 
r.p.m.  squirrel-cage  motor  belted  to  a  single-head  planer. 

of  Agriculture,  has  recently  been  organized,  known  as 
the  Wood  Waste  Exchange.  Mills  having  materials  for 
sale  may  list  them  with  this  department,  which  issues  a 
bulletin  every  two  weeks,  distributed  to  prospective 
[purchasers.  Likewise,  a  list  of  buyers  is  distributed  to 
the  mills  requesting  this  service. 


*"Chemical  Utilization  of  Southern  Pine  Waste,"  J.  S.  Bates 
I  Industrial  and  Educational  Press,  Montreal). 

"Utilization  of  Wood  Waste  by  Distillation,"  W.  B.  Harper. 

"Utilization  of  Wood  Waste,"  by  E.  Hubbard;  trans,  from 
German  by  M.  J.  Salter  (Scott,  Greenwood  &  Co..  London). 

Circular  No.  9,  "Chemical  Methods  for  Utilizing  Wood 
Wastes,"  Department  of  Interior  of  Canada,  Forestry  Branch, 
Montreal,  Canada. 

Pamphlets  from  the  United  States  Department  of  Agricul- 
ture, Forest  Service,  Washington,  D.  C. 


Electrical  Equipment  for  Motion  Picture 

Machines 

A.  M.  Candy 

General  Engineering  Dept., 

Westinghouse  Electric  &  Mfg.  Company 

THAT  the  motion  picture  theater  is  a  permanent  institution  is  evidenced  by  the  developments  during  the  past 
two  years  in  particular.  The  small  motion  picture  theaters  have  increased  in  number  and  many  of  them  have 
been  enlarged  and  very  materially  improved.  Numerous  picture  theaters  have  been  built  which  are  second  to 
none  of  the  legitimate  theaters  with  respect  to  size  and  appointments  of  the  exterior  and  interior.  The 
picture  theaters  have  not  progressed  more  rapidly  than  have  the  productions  which  are  now  depicted  on  the 
screen  and  which  comprise  feature  plays  costing  hundreds  of  thousands  of  dollars  to  produce  and  which 
employ  the  best  of  theatrical  talent  as  principals.  The  picture-producing  interests  have  invested  fabulous 
sums  in  permanent  studios  fitted  with  every  conceivable  contrivance  necessary  for  the  production  of  prac- 
tically any  play  and  the  innumerable  feature  incidents  which  occur  in  the  lives  of  any  and  all  peoples  of 
this  world. 


IN  THE  early  days  of  the  motion  picture  industry  the 
source  of  Hght  was  in  many  cases  of  the  well-known 
calcium  type.  Gradually,  however,  it  became  neces- 
sary to  use  some  source  of  illumination  which  would 
develop  a  light  of  greater  intensity.  It  was  for  this 
reason,  primarily,  that  the  electric  arc  was  adopted  for 
motion  picture  work. 

In  1914  one  authority  estimated  that  there  was  in- 
stalled in  this  country  a  total  of  60000  kw  of  motion 
picture  machines.  By  this  time,  no  doubt,  this  figure  is 
very  low.  An  average  motion  picture  arc  lamp  (using 
direct  current)  consumes  about  two  kilowatts,  but  owing 
to  the  losses  in  various  necessary  devices  interposed  be- 
tween the  arc  lamp  and  the  supply  circuit  there  is  re- 
quired from  the  supply  line  approximately  4.5  kw  per 
machine.  The  average  picture  theater  operating  eight 
hours  a  day,  312  days  a  year,  will  consuine  in  a  motion 
picture  machine  alone  approximately  $350  worth  of  elec- 
tricity, based  on  a  rate  of  three  cents  per  kilowatt-hour. 
The  power  used  in  the  arc  will  be,  as  a  rule,  at  least  one- 
half  of  the  total  power  used  in  the  theater,  including 
that  used  for  illuminating  lamps,  fan  motors,  etc. 

In  most  localities  the  commercial  source  of  electrical 
energy  is  a  no  or  a  220  volt  supply  circuit,  either  direct 
or  alternating  current.  An  alternating-current  arc  can 
be  operated  most  successfully  at  a  potential  not  much  in 
excess  of  30  to  35  volts,  and  a  direct-current  open  arc 
can  be  operated  most  successfully  at  a  potential  not 
much  in  excess  of  50  to  60  volts.  It  was,  therefore,  for 
a  time  customary  to  use  a  large  resistance  in  series  with 
each  arc  to  reduce  the  line  voltage.  This  method  is 
obviously  very  inefficient  and,  furthermore,  the  heat 
generated  in  the  resistor  is  very  objectionable.  Hence 
auto-transformers  (commonly  known  as  economy  coils) 
were  introduced.  This  type  of  apparatus,  although  re- 
ducing the  power  bills  and  eliminating  the  objectionable 
heating  feature,  did  not  permit  the  production  of  as  good 
results  on  the  screen  as  could  be  obtained  where  the 
rheostat  was  used  and  power  obtained  from  a  direct- 
current  circuit. 

Superiority  of  Direct  Current  —  Direct  current  is 
much  more  satisfactory  and  effective  than  alternating 


current  for  a  projecting  arc  lamp.  First,  the  light  pro- 
duced is  of  a  much  better  quality,  as  the  greenish  tinge 
is  entirely  absent ;  therefore,  the  light  more  nearly  ap- 
proaches that  of  sunlight.  Second,  the  light  is  much 
easier  to  focus,  due  to  the  fact  that  the  arc  is  much 
steadier  and  does  not  have  a  tendency  to  travel  around 
the  periphery  of  the  electrodes;  also  the  arc  forms  a 
crater  in  the  positive  electrode  which  produces  approxi- 
mately 85  percent  of  the  useful  light,  10  percent  being 
produced  by  the  negative  electrode  and  5  percent  by 
the  arc  stream.  Third,  the  current  in  an  alternating- 
current  arc  reverses  and  becomes  zero  twice  during  each 
cycle,  thus  producing  a  decided  flicker,  which  may  be 
observed  on  the  screen  if  the  revolving  shutter  of  the 
motion  picture  machine  is  not  properly  designed  or  oper- 
ated at  the  correct  speed.  Fourth,  there  is  no  crater 
formed  when  alternating  current  is  used,  and  hence  the 
light  must  be  obtained  from  both  electrodes  and  from 
the  arc  stream.  As  a  result,  the  light  is  not  concentrated 
in  a  point,  and  hence  cannot  be  as  easily  focused.  Owing 
to  these  characteristics  and  the  cooling  effect  when  the 
current  is  zero,  approximately  three  times  as  much  alter- 
nating current  is  required  to  produce  an  illumination 
equivalent  to  that  produced  by  a  given  direct  current. 

Direct-Current  Apparatus — Because  of  the  physical 
advantages  of  the  direct-current  arc,  numerous  types  of 
apparatus  have  been  introduced  which  will  supply  direct 
current  at  a  reduced  potential.  These  comprise  rotary 
converters,  mercury  arc  rectifiers,  mechanical  rectifiers 
and  motor-generator  sets  of  various  mechanical  and 
electrical  characteristics. 

The  electric  arc  possesses  a  unique  electrical  charac- 
teristic, namely,  a  negative  resistance  coefficient.  In 
other  words,  as  the  current  in  the  arc  increases,  the  re- 
sistance, and  hence  the  potential  across  the  arc,  de- 
creases. It  is  evident,  therefore,  that  if  the  arc  were 
connected  to  a  constant  potential  circuit  having  an 
infinite  capacity,  the  current  through  the  circuit  would 
tend  to  build  up  to  infinity.  Therefore,  it  is  necessary  to 
provide  characteristics  in  the  apparatus  supplying  power 
to  the  arc,  such  that  the  arc  current  will  be  maintained 
practically  constant. 
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The  ideal  apparatus  for  this  service  is  a  strictly 
constant-current  generator  driven  by  a  suitable  motor  or 
engine.  This  type  of  generator,  however,  is  compara- 
tively expensive  to  build  and,  furthermore,  in  the  usual 
forms  is  quite  complicated.  There  are  several  gener- 
ators on  the  market  which  are  designed  for  character- 
istics approaching  those  of  a  strictly  constant-current 
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For  operating  duplicate  motion  picture  equipment.     Set  located 
under  the  stage  of  a  theater. 

machine.  These  generators  are  provided  with  special 
field  windings  and  armature  windings  having  a  compara- 
tively high  reactance,  which  results  in  an  extremely 
drooping  voltage  characteristic  such  that  the  generator 
will  develop  about  55  volts  at  full-load  current  and  will 
not  be  damaged  when  short-circuited,  because  the  cur- 
rent will  never  be  much  in  excess  of  full  rated  load. 
Constant  potential  generators  and  rotary  converters  are 
also  designed  to  develop  70  to  80  volts  direct  current,  a 
ballast  rheostat  being  interposed  in  the  circuit  to  each 
arc  lamp.  This  ballast  resistance  neutralizes  the  nega- 
tive resistance  characteristic  of  the  arc  so  that  the  cur- 
rent remains  appreciably  constant  at  all  times.  For  this 
service  mercury  arc  rectifiers  are  also  supplied.  The 
direct  current  produced  by  the  mercury  arc  rectifier  is 
maintained  practically  constant  by  the  reactance  of  the 
auto-transformers  which  are  used  for  supplying  power 
to  the  bulb.  This  makes  the  rectifier  inherently  more 
efficient  than  if  a  ballast  resistance  is  used  in  the  direct- 
current  circuit;  furthermore,  the  apparatus  is  self- 
contained. 

Types  of  Direct-Current  Apparatus — The  majority 
of  theaters  projecting  feature  films  desire  to  have  a  con- 
tinuous performance,  which  is  obtained  by  using  two 
motion  picture  machines  alternately.  Before  the  end  of 
one  film  is  reached,  the  second  lamp  will  be  started  up 
and  made  ready  for  projecting  pictures.  This  requires 
either  duplicate  generating  equipment  for  the  two  mo- 
tion picture  machines  or  generating  equipment  which 
will  successfully  carry  large  overloads  for  a  short  period 


of  time;  also  the  potential  of  the  generator  must  not  be 
appreciably  aflfected  at  the  instant  when  the  arc  is 
struck.  The  potential  of  the  generator  must  also  be 
practically  independent  of  the  usual  commercial  speed 
variations  of  the  motive  power,  such  as  would  be  pro- 
duced by  a  voltage  variation  of  the  supply  circuit  to  the 
motor  driving  the  generator. 

For  any  installation  using  two  machines  alternately 
very  successful  operation  will  be  obtained  by  using  a 
motor-generator  set  and  a  ballast  resistor  in  series  with 
each  arc  lamp,  the  generator  to  be  flat  or  slightly  over- 
compounded  and  to  develop  75  volts  at  full-load. 
Neither  the  rotary  converter  nor  the  shunt-wound  gen- 
erator having  a  drooping  voltage  characteristic  is  as 
satisfactory  for  several  reasons.  First,  the  voltage  of 
the  rotary  converter  will  vary  almost  directly  with 
changes  in  the  alternating  supply  voltage,  thus  resulting 
in  fluctuations  of  the  arc.  Second,  the  actual  overall 
efficiency  of  the  rotary  converter,  including  auto-trans- 
formers and  ballast  rheostats,  is  not  greater,  and  in 
many  cases  is  actually  less,  than  the  overall  efficiency 
(including  ballast  rheostats)  of  a  motor-generator  set 
composed  of  a  coinpound-wound  75  volt  generator  and  a 
polyphase,  60  cycle  induction  motor.  Third,  the  voltage 
of  the  shunt-wound  generator  of  the  drooping  voltage 
characteristic  type  is  quite  sensitive  to  speed  fluctua- 
tions. If,  therefore,  such  a  generator  is  driven  by  a 
motor  whose  speed  varies  perceptibly  the  set  will  not 
give  perfect  satisfaction.  This  characteristic  is  particu- 
larly objectionable  where  the  motor  is  supplied  with 
])owcr  from  a  trolley  line.  Fourth,  wlien  two  motion 
picture  machines 
are  used  alter- 
nately it  is  nec- 
essary to  pro- 
vide a  series 
field  and  ballast 
rheostats  for  the 
shunt-  wound 
drooping  volt- 
age generator. 
Just  before 
striking  the  sec- 
ond  arc  the 
operator  m  u  s  t 
m  a  n  i  p  ulate  a 
switch  on  the 
control  panel, 
which  makes  the 
series  field  oper- 
ative and  at  the 
same  time  intro- 
duces the  ballast 
resistors  in  the  circuits  of  the  arc  lamps.  This  then  pro- 
duces practically  the  same  characteristics  as  are  ob- 
tained with  the  compound-wound  sets.  For  the  75  volt, 
compound-wound  sets  the  entire  control  consists  of  a 
single  switch  mounted  on  each  motion  picture  machine 
within  convenient  reach  of  the  operator. 
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In  addition  to  the  requirements  which  have  been 
cited,  it  is  advisable  that  each  75  volt,  compound-wound 
generator  be  provided  with  properly  designed  com- 
mutating  poles  to  insure  perfect  commutation  when  the 
machine  is  subjected  to  the  severe  overload  imposed  at 
the  instant  of  striking  an  arc,  particularly  when  the 
generator  is  already  supplying  current  to  a  motion  pic- 
ture machine  in  operation. 

For  installations  requiring  arc  currents  within  the 
limits  for  which  the  mercury  arc  rectifier  is  built,  the 
features  of  securing  the  required  drooping  characteris- 
tics by  reactance  instead  of  resistance,  and  of  delivering 
a  direct  current  to  the  arc  without  the  use  of  rotating 
parts,  make  this  apparatus  inherently  an  efficient  and 
simple  equipment  for  the  service.  Partly  ofifsetting 
these  fundamental  advantages  which  arise  from  the 
nature  of  the  apparatus  is  a  secondary  and  minor  char- 
acteristic arising  from  the  manner  of  securing  the  droop- 
ing characteristic.  It  is  impossible  to  operate  two  arcs 
simultaneously  from  a  rectifier,  not  because  of  any  lack 
of  overload  capacity,  but  because  the  stabilizing  react- 
ance is  in  the  primary  circuit,  and  hence  not  between 
the  arc  and  the  transformer.  For  this  reason  separate 
stabilizing  reactances  cannot  be  used  for  the  two  arcs, 
and  no  means  of  balancing  the  current  in  the  two  arcs 
is  available.  In  fact,  if  the  carbons  of  one  arc  are 
closed  while  the  other  arc  is  operating  the  current  will 
merely  be  transferred  from  one  to  the  other.  This  fact 
suggests  a  method  of  using  a  single  rectifier  equipment 
to  operate  two  lamps,  a  method  now  in  quite  wide  use 
and  entirely  successful.  The  arc  is  merely  "stolen"  from 
the  machine  with  the  completed  reel  by  starting  the  arc 
in  the  machine  to  be  used.  This  same  object  has  been 
accomplished  by  another  scheme  in  case  the  operator 
insists  on  having  his  arc  started  a  short  time  before 
starting  the  reel.  In  this  case  the  picture  is  shown  prac- 
tically complete  on  direct  current  from  the  rectifier,  and 
finished  on  alternating  current,  while'  the  second  arc  is 
being  heated  by  direct  current  from  the  rectifier.  The 
change-over  is  made  by  reversing  a  double-throw  switch. 

Current  Rating — W'hen  a  new  motion  picture  the- 
ater is  contemplated  the  question  naturally  arises, — how 
much  current  is  required  for  the  arc  lamp?  The  light 
(produced  by  the  current)  which  must  be  developed  by 
the  arc  depends  upon  a  number  of  factors,  as  : — 

I — Size  or  area  of  the  picture. 

2 — The  color-producing  scheme,  such  as  the  Kinemacolor, 
and  tinted  films. 

3 — Length  of  throw  in  feet  from  motion  picture  machine  to 
the  screen. 

4 — The  density  of  the  films. 

5 — The  material   of   the   screen. 

6 — The  design  of  the  revolving  shutter  on  the  motion  pic- 
ture machine. 

7 — The  quality  of  the  condensing  and  objective  or  project- 
ing lenses. 

8 — Size  of  carbons,  their  adjustment  and  size  of  "spot." 

9 — The  amount  of  general  illumination  in  the  theater:  also 
the  location  and  arrangement  of  lighting  fixtures. 

Sice  of  the  Picture — The  size  of  the  picture  pro- 
jected is  probably  the  most  important  factor  of  those 
cited.  It  is  fixed  by  the  aperture  of  the  motion  picture 
machine  ;  by  the  focal  length  of  the  objective  or  project- 


ing" lenses  and  by  the  distance  from  the  objective  lenses 
to  the  screen.  Most  motion  picture  machines  have  an 
aperture  approximately  11/16  in.  high  by  15/16  in. 
wide  and,  therefore,  the  height  and  width  of  the  picture 
projected  will  be  proportional  to  11  and  15,  respectively. 
Assume  for  an  example  an  installation  wherein  the  pic- 
ture projected  is  10  ft.  high  and  13.6  ft.  wide.  If  the 
objective  lenses  are  replaced  so  that  the  picture  is  en- 
larged to  13  ft.  in  height,  then  the  area  of  the  picture  is 
70  percent  greater  than  it  was  formerly,  although  the 
height  has  only  been  increased  30  percent.  Therefore, 
70  percent  more  light  must  be  developed  to  produce  the 
same  brilliancy  on  the  screen.  The  size  of  the  picture 
required  depends  upon  the  size  of  the  theater,  both 
width  and  depth,  and  also  upon  the  particular  desires  of 
the  manager. 

Colored  Pictures — Where  revolving  colored  filters 
are  used  for  pro- 
ducing color  ef- 
fects, such  as  in 
the  Kinemacolor 
scheme,  only  a  cer- 
tain portion  of  the 
light  spectrum  de- 
veloped by  the 
lamp  reaches  the 
screen.  For  this 
reason,  therefore,  a 
much  more  intense 
light  is  required. 
varying  from  two 
to  three  times  that 
required  for  ordi- 
nary black  and 
white  pro  jection. 
Where  tinted  films 
are  used  the  re- 
quired amount  of 
light  is  increased, 
but  not  to  such  a 
degree  as  just  cited 
for  the  Kinema- 
color scheme. 

Length  of 
Throiv — There  is  no  general  agreement  as  to  the 
effect  of  the  distance  from  the  objective  lenses  to  the 
screen  upon  the  amount  of  light  which  must  be  de- 
veloped by  the  arc  for  a  given  illumination  upon  the 
screen.  In  fact,  many  contend  that  where  the  length  of 
throw  is  between  50  and  125  feet,  there  is  very  little 
diiiference  for  a  given  motion  picture  machine  project- 
ing a  picture  of  the  same  dimensions  in  each  instance. 
Theoretically,  this  is  undoubtedly  true.  However,  due 
to  the  fact  that  objective  lenses  are  not  perfect,  there  is  a 
diffusion  and  dispersion  of  the  projected  light  which  is 
more  evident  at  greater  distances.  Furthermore,  in  the 
average  theater  the  air  is  always  more  or  less  dusty  and, 
in  fact,  in  some  theaters  where  smoking  is  permitted,  the 
air  becomes  quite  dense  at  times.     It  has  been   found, 
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therefore,  that  the  length  of  throw  does  actually  affect 
the  quantity  of  light  which  must  be  developed. 

Density  of  Films — There  is  a  considerable  difference 
in  density  produced  during  the  process  of  developing  the 
films.  It  is  obvious  that  the  amount  of  light  required 
for  a  dense  film  will  be  greater  than  for  a  more  trans- 
parent one.  However,  the  light  used  under  ordinary 
conditions  is  generally  found  sufficient  to  give  satisfac- 
tory results  with  almost  any  commercial  film. 

Tvpe  of  Screen — Seeing  a  motion  picture  is  entirely 
dependent  upon  the  light  which  is  reflected  from  the 
screen  into  the  eyes  of  the  observer.  It  is  obvious,  there- 
fore, that  if  the  percentage  of  the  total  light  reflected  in 
all  directions  (by  the  so-called  diffuse  reflection)  is  in- 
creased, then  the  light  developed  may  be  decreased  and 
yet  produce  the  same  result.  Therefore,  when  a  plain 
white  mat  screen  of  canvas  is  used,  a  greater  amount  of 
light  must  be  developed  than  if  some  one  of  the  semi- 
mirror  screens  is  used.  Screens  which  have  a  yellow 
or  gold-colored  tint  usually  do  not  require  as  much 
illumination,  simply  due  to  the  fact  that  a  light  having 
a  yellow  or  orange  tint  gives  the  effect  upon  the  eye  of 
being  relatively  much  more  brilliant  than  a  white  light 
of  equal  intensity  in  candle-power. 

Design  of  Revolving  Shutter — The  design  of  the  re- 
volving shutter  on  the  motion  picture  machine  materially 
affects  the  amount  of  light  which  must  be  developed, 
because  shutters  of  various  types  permit  from  50  to  65 
percent  of  the  light  passing  through  the  objective  lenses 
to  reach  the  screen.  The  flicker  is  eliminated  to  a  greater 
degree,  however,  when  a  properly  designed  shutter  in 
the  50  percent  class  is  used. 

Quality  of  Condensing  and  Objective  Lenses — Not 
only  the  quality  of  the  condensing  and  projecting  lenses, 
but  also  the  size  of  the  condensing  lenses,  affects  ma- 
terially the  quantity  of  light  which  must  be  developed. 
The  quality  of  the  lenses  determines  the  amount  of  light 
lost  by  absorption  and  diffusion.  The  size  and  design  of 
the  condensing  lenses  determines  the  percentage  of  the 
total  light  developed,  which  is  collected  and  concentrated 
for  the  "spot." 

Size  of  Carbons  and  Adjustments — When  direct  cur- 
rent is  used  a  crater  is  formed  in  the  upper  or  positive 
electrode.  This  crater  is  a  molten  spot  of  carbon,  which 
is  at  a  temperature  of  nearly  6500  degrees  F.  This 
crater  is  the  hottest  portion  of  the  arc,  as  the  negative 
electrode  seldom,  if  ever,  reaches  a  temperature  in  ex- 
cess of  4500  degrees  F.  The  carbons  must  be  of  a  size 
best  suited  to  the  current  required,  because  if  the  posi- 
tive carbon,  particularly,  is  too  large,  an  excessively 
large  current  is  required  to  heat  it  sufficiently  to  produce 
the  crater  from  which  the  major  portion  of  the  light  is 
secured.  On  the  other  hand,  if  the  carbons  are  too 
small,  sufficient  light  cannot  be  produced.  Furthermore. 
in  this  latter  instance,  difficulty  will  also  be  experienced 
if  the  operator  attempts  to  secure  a  brighter  light  by 
adjusting  the  carbons  more  closely  together,  as  this  will 
result  in  a  hissing  and  sputtering  arc.  which  is  unstable 
and  is  unsatisfactory   for  projection  work.     The  only 


alternative  in  such  a  case  is  to  operate  the  arc  at  abnor- 
mally high  potentials,  varying  from  60  to  70  volts,  under 
which  conditions  a  larger  current  can  be  used.  This  is 
not  satisfactory,  however,  because  the  arc  voltage  is  too 
near  that  of  the  usual  generating  equipment,  and  hence 
the  arc  has  a  tendency  to  become  unstable,  requiring 
very  frequent  adjustment  of  the  carbons. 

Experience  has  indicated  that  carbons  which  give 
most  satisfactory  results  for  various  direct  currents  are 
as  follows: — 


Amperes  through  Arc 

Diameter  of  Carbons — Inches. 

Upper. 

Lower. 

25  to    30 
40  to    60 

70  to  100 

H 
I 

}'2 

Va. 

The  lower  carbon  can  be  smaller  than  the  upper,  as  it 
is  subjected  to  a  much  lower  temperature,  and  hence  is 
consumed  much  more  slowly.  With  inclined  carbons, 
the  lower  electrode  then  interferes  less  with  the  light. 

The  two  carbons  are  usually  adjusted  in  the  holders 
at  an  angle  of  15  to  30  degrees  from  the  perpendicular 
to  the  axis  of  projection,  the  positive  carbon  being  lo- 
cated slightly  behind  the  negative.  This  adjustment  re- 
sults in  turning  the  plane  of  the  crater  more  nearly  per- 
pendicular to  the  axis  of  projection,  and  gives  the  con- 
densing lenses  the  best  opportunity  to  collect  the  light. 
The  size  of  the  "spot"  should,  of  course,  be  no  larger 
than  is  absolutely  required  to  eliminate  dark  corners,  be- 
cause all  light  developed  which  does  not  hit  the  film  is 
wasted. 

General  Interior  Illumination — The  effect  of  brilliant 
pictures  will  be  materially  modified  if  the  interior  of  the 
theater  is  illuminated  more  than  is  absolutely  required. 
It  is  desirable,  therefore,  to  keep  the  general  illumina- 
tion, especially  in  the  front  of  the  hall,  to  a  minimum 
consistent  with  the  safety  and  convenience  of  the 
patrons,  and  to  keep  all  light  sources  out  of  the  direct 
line  of  vision. 

Empirical  Formula — The  factors  which  have  been 
considered  undoubtedly  seem  quite  complicated.  In 
actual  practice,  however,  the  selection  of  the  proper  size 
generator  or  motor-generator  set  is  not  nearly  as  difficult 
as  it  appears.  A  study  of  the  average  conditions  exist- 
ing in  the  majority  of  theaters  has  led  to  the  develop- 
ment of  an  empirical  formula,  which  has  proven  reason- 
ably accurate  for  practically  any  installation  wherein 
the  general  illumination  is  not  excessive  and  a  plain 
white  canvas  screen  or  its  equivalent  is  used.  The 
formula  is  : — ■ 

J  ^    A   +  2L 
10 

where  A  =  area  of  picture  in  square   feet, 
L  :=  length  of  throw  in  feet, 
/  =  direct   current   in   amperes   required   through 
the  arc. 

For  installations  wherein  semi-mirror  screens  or  screens 
of  a  similar  character  are  used  the  constant  10  should 
he  increased  to  12.5. 


The  Development  and  Use  of  the 
Mazda  C  Lamp 

W.  A.  McKay 
Westinghouse  Lamp  Company 

THE  DEVELOPMENT  of  the  Mazda  "C"  lamp  since  the  first  lamps  of  the  type  appeared  on  the  market  in 
the  early  part  of  1914  has  been  very  rapid  and  the  field  of  application  of  these  lamps  has  been  broadened  as 
the  result  of  experimental' work  and  trial  until  they  have  now  practically  superseded  such  illuminants  as  the 
enclosed  carbon  arc  lamp  and  are  being  used  very  extensively  in  fields  formerly  held  by  other  types  of 
illuminants. 


THE  Mazda  "C"  lamp  resulted  from  the  discovery 
by  Dr.  Irving  Langmuier  that  the  rate  of  disin- 
tegration or  evaporation  of  the  incandescent  tung- 
sten filament  could  be  materially  reduced  by  operating 
it  in  an  atmosphere  of  chemically  inert  gas  instead  of  in 
a  vacuum.  This  discovery  was  of  great  importance,  as 
the  useful  life  of  a  tungsten  lamp  is  determined  by  the 
rate  at  which  the  filament  disintegrates.  In  the  first 
place  the  disintegration  progresses  in  time  to  such  an 
extent  that  the  filament  fails,  and  in  the  second  place 
the  metallic  tungsten  thrown  off  from  the  filament  is 
deposited  on  the  bulb  and  the  deposit  eventually  becomes 
so  dense  that  the  light  output  from  the  lamp  is  seriously 
reduced. 

Prior  to  Dr.  Langmuir's  discovery  much  had  been 
accomplished  in  the  vacuum  type  of  larnp  by  the  use  of 
chemicals  known  as  "getters,"  which  combined  with  the 
deposit  and  changed  its  color  to  white  or  yellowish  white 
and  so  reduced  the  amount  of  light  absorbed.  It  seemed, 
however,  that  the  limit  had  been  reached  in  lamps  which 
operated  at  an  efficiency  of  about  1 1  lumens  per  watt, 
and  the  prospects  of  attaining  higher  efficiencies  with  a 
tungsten  filament  operating  in  a  vacuum  did  not  seem 
very  promising.  The  lamp  engineers,  therefore,  fore- 
seeing the  possibility  of  further  increasing  the  efficiency 
of  the  tungsten  filament  lamp  by  operating  the  filament 
in  an  atmosphere  of  inert  gas  instead  of  in  a  vacuum, 
devoted  their  attention  to  the  production  of  commercial 
lamps  of  the  gas-filled  type.  After  much  experimental 
work  a  satisfactory  type  of  construction  was  developed, 
and  in  the  early  part  of  1914  several  sizes  of  street  series 
lamps  and  the  750  watt  and  1000  watt  multiple  lamps 
were  placed  on  the  market.  In  developing  these  lamps 
many  problems  not  hitherto  encountered  in  lamp  design 
had  to  be  solved.  The  most  important  of  these  was  to 
reduce  the  energy  losses  caused  by  the  presence  of  the 
gas  in  the  bulb,  and  this  was  accomplished  by  winding 
the  filament  in  the  form  of  a  helical  coil,  thus  reducing 
the  area  exposed  to  the  cooling  action  of  the  gas  and 
making  the  bulb  as  small  as  possible  and  so  reducing  the 
radiating  surface. 

Although  the  use  of  the  gas  resulted  in  the  loss  of  a 
certain  amount  of  energy  it  also  reduced  the  rate  at 
which  the  filament  disintegrated  to  such  an  extent  that 


it  was  found  possible  to  raise  the  operating  temperature 
of  the  filament  to  a  point  at  which  the  greatly  increased 
light  output  more  than  compensated  for  the  energy 
losses  and  the  efficiency  of  the  lamp  was  much  higher 
than  that  of  the  vacuum  type.  The  gas-filled  Mazda 
lamp  progressed  very  rapidly,  and  before  the  end  of 


500  Watt  Mazda  B  Lamp  500  Watt  Mazda  C  Lamp 

FIG.    I — RELATIVE   SIZES   AND   DIFFERENCES   IN   CONSTRUCTION 

1914  most  of  the  street  series  lamps  were  made  in  this 
type  and  the  line  of  multiple  lamps  was  extended  to  in- 
clude 500,  400,  300  and  200  watt  lamps. 

Since  there  were  now  two  types  of  Mazda  lamps  it 
became  necessary  to  distinguish  between  them,  and  the 
names  Mazda  "B,"  to  describe  the  vacuum  type,  and 
Mazda  "C,"  to  describe  the  non-vacuum,  or  gas-filled 
type,  were  adopted.  In  the  course  of  the  development 
of  the  Mazda  "C"  lamp  experiments  were  made  with 
several  types  of  bulbs  and,  finally,  in  the  early  part  of 
191 5,  the  present  pear-shaped  bulb.  Fig.  2,  was  adopted. 
The  long  neck  of  this  bulb,  which  acts  as  a  cooling 
chamber  for  the  heated  gas  is  partially  closed  in  the 
larger  sizes  by  a  mica  disc  to  prevent  the  heated  gas 
from  coming  into  direct  contact  with  the  base. 

The  development  of  new  types  of  Mazda  "C"  lamps 
continued,  and  in  the  early  part  of  191 5  the  lOO  watt 
multiple  lamp  was  placed  on  the  market,  and  on  May  i 
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of  this  year  the  75  watt  lamp,  Fig.  3,  was  announced. 
Beside  the  more  familiar  types  of  multiple  and  series 
lamps,  special  types  have  been  developed  for  various  ser- 
vices, and  new  types  are  continually  being  developed  to 
meet  the  demand  resulting  from  the  very  marked  advan- 
tages of  this  type  of  lamp  in  many  kinds  of  work. 


a — Round  Bulb  h — Straight  Side  Bui 

l-'TG.    2 — DEVKl.OPMENT   OF   BUI.B 

The  use  of  the  Mazda  "C"  lamp  has  resulted  in  an 
increase  in  the  amount  of  light  used  for  all  kinds  of 
work  and  has  had  ?.  very  marked  effect  on  the  design  of 
street,  industrial  and  commercial  lighting  systems.  Be- 
fore the  advent  of  the  Mazda  "C"  lamp  street  lighting 
installations  consisted  largely  of  arc  lamps  of  various 
types  and  some  Mazda  "B"  lamps.  It  soon  became  evi- 
dent, however,  that  the  Mazda  "C"  lamp  offered  many 
advantages  in  the  way  of  lower  initial  cost  of  units, 
greater  flexibility,  because  of  the  wider  range  in  sizes 
of  lamps  which  are  available  for  operation  on  the  same 
system,  and  increased  capacity  on  alternating-current 
series  systems,  because  of  the  high  power- factor  of  the 
units,  which  have  resulted  in  the  widespread 
use  of  this  type  of  lamp  for  street  lighting. 

In  the  industrial  lighting  field  there  has 
been  a  great  increase  in  the  use  of  artificial 
lighting,  and  Mazda  "C"  lamps  are  being 
used  in  great  numbers  in  this  class  of  work. 
The  larger  sizes  used  in  properly  designed 
reflectors  provide  very  satisfactory  illumi- 
nation for  erecting  sheds,  foundries,  rail- 
road yards,  etc.,  where  the  units  must  be 
placed  high  above  the  \vork ;  while  the 
smaller  sizes  are  used  in  the  general  illumi- 
nation of  machine  .shops,  textile  mills,  etc. 

It  is,  however,  in  the  field  of  commercial 
lighting  that  the  influence  of  the  Mazda  "C" 
lamp  is  most  apparent.  The  use  of  this 
type  of  lamp  has  resulted  not  only  in  an  increase  in  the 
intensity  of  illumination,  but  also  in  greater  attention 
being  devoted  to  the  requirements  of  good  lighting. 
There  has  been  a  great  increase  in  the  use  of  semi- 
indirect  and  totally  indirect  lighting  in  stores,  etc.,  and  it 
is  evident  that  more  attention  is  being  given  to  getting 


the  units  up  out  of  the  field  of  vision  and  protecting  the 
eyes  from  the  glare  of  bare  filaments. 

A  notable  development  in  the  lighting  field  has  been 
the  increased  use  of  various  media  for  modifying  the 
color  of  the  light  in  order  to  secure  light  of  a  particular 
spectral  quality  or  to  obtain  certain  desired  effects  in  the 
lighting  of  interiors,  etc.,  to  which 
the  Mazda  "C"  lamp  lends  itself 
particularly  well  because  of  its  high 
efficiency  and  the  continuous  char- 
acter of  its  spectrum. 

.Artificial  daylight  units  enqjloy- 
ing  Mazda  "C"  lamps  are  being 
widely  used  where  light  of  the  same 
s])ectral  quality  as  daylight  is  re- 
c|uired,  as  in  color  matching,  etc. 
Formerly  those  engaged  in  such 
work  were  de])endent  on  daylight, 
wliiob  is  available  only  for  a  few 
Imurs  in  the  day.  Xow,  however, 
>nch  work  may  be  done  anywhere 
anil  at  any  time  by  means  of  day- 
light units  eni])loying  the  Mazda 
"C"  lamp,  the  operating  cost  of 
which  is  about  the  same  as  that  of  the  old  carbon 
incandescent  lamp.  Light  approximating  daylight  in 
quality  is  also  used  in  the  general  illumination  of 
drygoods  stores,  etc.,  and  in  the  illumination  of  show 
windows. 

In  stage  lighting  and  similar  work  the  Mazda  "C" 
lamp  has  met  with  great  success.  The  ordinary  types 
are  used  in  the  borders,  etc.,  while  lamps  with  concen- 
trated filaments  are  used  in  spot  and  flood  lamps,  replac- 
ing the  arc  lamps  which  were  formerly  used  for  this 
purpose.  Such  units  are  very  much  more  satisfactory 
than  those  employing  arc  lamps,  since  they  do  not  re- 
fiuire  the  attention  that  the  arc  lamp  requires,  the  light 


-Pcai--Sli;iiii(l  Bulb 


/) — too  Watt 
Mazda  C 


f— 75  Watt 
Mazda  C 


rf— 60  Watt 
Mazda  B 


3 — 100.    75    .\X1)   60    W.\TT    MAZDA    LAMPS 


does  not  flicker,  the  annoying  noise  of  the  arc  is  elim- 
inated and,  while  formerly  one  man  was  required  to 
every  two  arc  lamps,  one  man  may  now  operate  several 
of  the  Mazda  "C"  lamp  units. 

For  photographic  work  the  Mazda  "C"  lamp  pro- 
vides an   inexpensive,  efficient   illuminant,  the  light  of 
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which  is  of  constant  quality,  readily  controlleil  and 
available  at  all  times.  For  this  class  of  work  special 
lamps  have  been  developed,  the  light  of  which  closely 
approximates  that  of  daylight  in  quality  and  actinic 
value  and  may,  therefore,  be  userl  in  daylio^ht  studios  to 
reinforce  d  a  y  light 
during  t  h  e  hours 
when  the  intensity 
of  daylight  is  not 
sufificient  for  rapid 
work.  Such  units, 
however,  render  the 
photographer  inde- 
pendent of  daylight 
and  make  it  possible 
to  set  up  studios  in 
locations  i  n  which 
daylight  is  not  avail- 
able and  thereby  se- 
cure results  equal  to 
those  obtained  under 
the  best  natural 
lighting  conditions. 
Mazda  "C"  lamps  in 
reflectors  have  been 
used  in  making  pho- 
tographs of  interiors,  etc..  in  preference  to  flashlights, 
and  it  is  probable  that  they  will  come  into  wide  use  for 
this  purpose,  particularly  in  home  portraiture,  etc.  In- 
stallations of  Mazda  "C"  lamps  are  also  being  used  with 
very  satisfactory  results  in  the  making  of  motion  pic- 
tures, and  it  is  probable  that  there  will  be  a  greater  use 
of  this  lamp  for  such  work  in  the  future. 

Although  there  had  been  some  instances  of  the  illu- 
mination of  buildings,  signs,  etc.,  by  light  sources  placed 
at  a  distance,  before  the  advent  of  the  Mazda  "C"  lamp, 
this   form  of   lighting,  now   known  generally  as   flood- 


FIG.   4 — \.\KV.   SHORE   DRIVE,   CHICAGO,   ILL.,   LIGHTED   BY    M.'^ZD,^    C   L.'MvlPS 


The  concentrated  filament  Mazda  "C"  lamp  has  also 
|)rovcd  very  satisfactory  in  small  stereopticon  and  mo- 
tion picture  machines,  and  the  greater  number  of  the 
machines  now  sold  are  equipped  with  this  type  of  lamp. 
With  reference  to  use  of  Mazda  "C"  lamps,  the  user 
should  be  guided  by 
the   recommendation 
of  the  manufacturer 
regarding    the    posi- 
tion   in    which    they 
should     he     burned, 
ventilation    o  f     ti.x- 
tures,  etc.     The  fol- 
lowing  rules  with  re- 
gard to  the  ])osition 
in  which  Mazda  "C" 
1  a  111  p  s     m  a  y     li  e 
I>urned     should     b  e 
followed : — 

17  —  Multiple  Mazda 
"C"  200  to  looo  watt 
lamps  should  be  oper- 
ated in  the  tip-down 
jiosition.  If  necessary, 
the  lamps  may  be  in- 
chned  at  an  angle  not 
to  e.xceed  25  degrees 
from  the"  vertical,  but 
should  never  be  burned 
in  tlie  tip-up  or  horizontal  positions. 

/' — The  75  and  100  watt  multiple  lamps  may  be  burned  in 
pny  position,  but  the  best  results  are  obtained  in  the  tip-down 
position. 

c — Street  series  lamps  generally  are  designed  to  operate  in 
tlie  tip-down  position,  although  those  types  which  have  a  straight 
filament  may  also  be  operated  in  the  tip-up  position. 

d — Stereopticon  and  flood-lighting  lamps  may  be  operated 
in  any  but  vertically  base-up  position. 

With  reference  to  ventilation,  it  is  essential  that  suf- 
r.cient  ventilation,  to  prevent  overheating,  he  provided 
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lighting,  had  not  made  any  great  progress.  The  concen- 
trated filament  Mazda  "C"  lamp,  however,  proved  very 
well  adapted  for  use  in  reflectors  designed  to  concen- 
trate the  light  from  the  source  into  narrow  high  inten- 
sity beams  and  made  possible  the  present  very  wide  de- 
velopment of  this  form  of  lighting. 


FIG.   6 — INDIRECT   LIGHTING   OF   DRVGOODS    STORE    WITH 
MAZD.\    C    LAMPS 

in  reflectors,  enclosing  globes,  etc.,  designed  for  use  with 
Mazda  "C"  lamps,  and  this  type  of  lamp  should  not  be 
used  except  under  such  conditions. 


Two-Speed  Alternating-Current  Elevator  Motors 


W.  H.  Patterson 

Industrial  Department, 

Westinghouse  Electric  &  Mfg.  Company 


THE  use  of  alternating-current  for  operating  ele- 
vators has  been  limited  to  car  speeds  of  a  maxi- 
mum of  200  to  250  feet  per  minute,  because  the 
alternating-current  motor  was  a  single-speed  machine 
and  dynamic  braking  and  slow-down  could  not  be  ac- 
complished without  inftalling  a  motor-generator  set  and 
complicating  the  control,  thus  making  the  installation 
expensive.  It  was  also  difficult  at  high  speeds  to  ac- 
complish smooth  acceleration  with  a  single-speed  motor. 
The  stopping  of  the  car  depended  entirely  on  the  elec- 
trically-operated mechanical  brake,  so  that  at  higher 
speeds  it  was  impossible  to  obtain  a  smooth  stop  and  the 
wear  and  tear  on  the  brake  was  excessive.    To  overcome 


FIG.  I — T\\o-si>i;i:ii  wKsTiNr.uiirsi;   \i.Ti;u.\  \Tixr,-cuRKENT  ei-EVator 

MllTOR    DKIVI.NC,    SINGLE-GEAKEO    IKAC HON    ELEVATOR 
WINDING    M.\CH1NE 

these  objections  and  to  make  an  alternating-current 
motor  that  was  practical  for  operating  elevators  at  car 
speeds  of  300  to  400  feet  per  minute  a  two-speed  ele- 
vator motor  has  been  developed. 

The  distinctive  feature  of  the  motor  is  the  use  of  two 
independent  windings  in  both  the  stator  and  the  rotor. 
The  windings  on  a  60  cycle  circuit  give  motor  speeds  of 
250  and  840  revolutions  per  minute.  In  starting,  the  250 
r.p.m.  stator  winding  is  connected  to  the  circuit.  After 
the  motor  gets  up  to  this  speed,  which  would  correspond 
to  a  car  speed  of  120  feet  per  minute  on  an  elevator 
having  a  maximum  speed  of  400  feet  per  minute,  the 
connections  are  automatically  changed  to  the  840  r.p.m. 
winding  with  resistance  in  the  rotor  circuit.  Next,  this 
resistance  is  cut  out  automatically,  bringing  the  motor 
up  to  the  full  speed  of  840  r.p.m.  and  the  car  to  400  feet 
per  minute. 

In  slowing  down,  the  operator  reverses  the  sequence 
of  connections  so  that  the  250  r.p.m.  winding  is  in  the 


circuit.  But  at  the  instant  this  is  done  the  motor  is  run- 
ning at  a  higher  speed  than  the  synchronous  speed  for 
this  connection ;  and  as  an  induction  motor  driven  above 
synchronism  acts  as  a  generator,  it  provides  an  electrical 
braking  action  which  quickly  retards  the  motion  and  re- 
duces the  motor  speed  to  synchronism.  In  this  case  it 
would  reduce  the  elevator  car  speed  to  120  feet  per  min- 
ute. The  operator  then  throws  the  car  switch  to  the 
off  position,  disconnecting  the  motor  from  the  line  and 
applying  the  electrically-operated  mechanical  brake, 
bringing  the  car  easily  and  smoothly  to  rest.  Both  rotor 
windings  are  connected  to  the  same  slip  rings,  so  that 


riG.  2 — TWO-SPEED  WESTINGHOUSE  ALTERNATING-CURRENT  ELEVATOR 
MOTOR  COMPLETE 

only  three  collector  rings  are  necessary.  In  operation 
the  low-speed  rotor  winding  responds  only  when  the 
low-speed  stator  connection  is  made,  and  the  high-speed 
lotor  winding  is  active  only  when  the  high-speed  stator 
connection  is  made. 

The  motor  develops  the  high  starting  torque  which  is 
required  in  elevator  service  with  a  starting  current  only 
50  percent  above  the  current  at  full  speed  with  full  load. 
The  rotor  is  small  in  diameter,  thus  producing  the  low 
flywheel  effect  which  is  necessary  in  a  service  requiring 
frequent  starting,  stopping  and  reversing.  The  motor  is 
very  quiet  in  operation. 

The  controller,  Fig.  4,  consists  of  a  number  of  mag- 
netically-operated switches  and  relays  mounted  on  a 
slate  panel  and  operated  by  a  car  switch  located  in  the 
elevator  car.  When  the  car  switch  is  thrown  to  either 
the  full  up  or  down  position  the  controller  connects  the 
low-speed  motor  winding  to  the  line  with  resistance  in 
the  rotor  circuit.     As  the  motor  accelerates  this  resist- 
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ance  is  automatically  cut  out  by  magnet  switches,  the 
rate  of  whose  operation  is  controlled  by  series  current 
limit  relays,  bringing  the  motor  up  to  the  full  speed  of 
the  low-speed  winding.  A  change-over  switch  then 
closes,  opening  the  low-speed  winding  and  impressing 
voltage  on  the  high-speed  winding  with  resistance  in  the 
rotor  circuit.  This  transition  is  made  so  smoothly  that  it 
cannot  be  sensed  in  the  elevator  car.  The  resistance  is 
then  cut  out  automatically  as  above,  bringing  the  motor 


The  application  of  this  type  of  motor  and  control  will 
enable  the  central  stations  to  supply  alternating  current 
to  elevators  operating  in  hotels,  department  stores,  etc., 


FIG.   3 — ROTOR 

and  car  to  full  speed.  Both  acceleration  and  retardation 
are  accomplished  smoothly  without  any  shock  or  jar  in 
the  car.  The  car  switch  provides  for  two  running  speeds 
in  each  direction.  The  same  safety  devices,  such  as 
hatchway  and  car  limit  switches,  slack  cable  switches, 
emergency  car  switch,  etc.,  which  are  used  with  high- 
speed elevators  driven  by  direct-current  motors,  can  be 
used  with  this  equipment. 


FIG.    4 — TWO-SPEED    WESTINGHOUSE   ALTERNATING-CURRENT 
ELEVATOR   CONTROL 

in  the  downtown  districts,  where  in  the  past  it  has  been 

necessary  to  supply  direct  current. 


Twenty-two  Thousand  Volt  Distributing 

Transformers 


E.  G.  Reed 


DELIVERING  electrical  current  to  the  consumer 
through  small  step-down  transformers  connected 
to  primary  distributing  circuits  of  6600,  11  000, 
13  200  and  16  500  volts  is  common  practice.  During  the 
past  few  years  there  has  been  an  increasing  tendency  to 
distribute  current  in  the  same  manner  from  transmis- 
sion circuits  of  22  000  and  33  000  volts.  At  the  same 
time  larger  and  larger  units  are  being  used  for  this  ser- 
vice, until  the  distributing  class  of  transformers  must 
be  made  to  include  ratings  of  200  k.v.a.,  which  is  quite  a 
step  from  the  50  k.v.a.  maximum  of  a  few  years  ago. 

The  increased  demand  for  transformers  of  the 
higher  voltages  has  led  to  the  development  and  stand- 
ardization of  designs  which  follow  to  a  considerable  ex- 
tent the  characteristics  of  distributing  transformers  of 
the  lower  voltage  classes.  The  main  requisites  of  trans- 
formers for  distributing  service  are  that  they  have  a 
high  electrical  efficiency,  be  electrically  and  mechanically 
rugged,  and  be  weatherproof.  Particularly,  their  insu- 
lation strength  and  mechanical  construction  must  be 
such  that  they  can  be  put  into  service  with  the  least 
trouble,  and  require  practically  no  further  attention. 
Such  characteristics  are  especially  demanded  of  the 
higher  voltage  transformers,  as  they  are  more  often  in- 
stalled in  out-of-the-way  places,  at  relatively  long  dis- 


tances from  the  central  or  substation.  As  shown  in  Fig. 
I,  the  rectangular  core  type  of  construction  is  used,  be- 
cause it  is  particularly  adapted  to  small,  high-voltage 
transformers. 

One  of  the  main  difficulties  emphasized  by  the  higher 
voltages  is  the  necessity  of  keeping  moisture  out  of  the 
transformer  case.  While  the  windings,  as  shown  in  Fig. 
I,  are  given  the  vacuum  and  impregnation  treatment, 
which  is  the  most  effective  way  of  preventing  the  ab- 
sorption of  moisture  into  the  coils,  moisture  should  not 
even  be  permitted  to  enter  the  case.  The  joints  requir- 
ing special  care  to  keep  tight  are  between  case  and 
cover,  and  where  the  high  voltage  bushings  enter  the 
case.  These  must  not  only  be  weatherproof,  that  is, 
tight  enough  to  prevent  rain  being  driven  in  by  the 
wind,  but  the  casing  must  be  practically  air-tight,  so  as 
to  prevent,  as  far  as  possible,  the  breathing  action  result- 
ing from  sudden  changes  in  atmospheric  temperature. 
Where  damp  air  is  drawn  into  the  transformer  and  the 
moisture  condensed  on  metallic  parts,  sufficient  water 
may  be  accumulated  in  the  course  of  time  to  cause 
trouble.  Instead  of  using  a  felt  gasket  compressed  be- 
tween the  case  and  cover  with  two  bolts,  as  is  found  sat- 
isfactory with  transformers  of  lower  voltage,  a  woven 
asbestos  gasket   compressed   with    four  equally   spaced 
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bolts  is  used.  This  gasket  is  treated  and  impregnated 
so  as  to  make  it  air-tight  and  at  the  same  time  soft  and 
flexible. 

The  high-voltage  bushing  is  composed  of  a  large  bell- 
shaped  piece  of  porcelain  projecting  downward  from  the 
top  of  the  transformer,  as  shown  in  Figs.  2,  3  and  4. 


FIG.    I — WINDINGS    Of    22  000   VOLT    DISTRIBUTING    TR.\NSFORMER 

This  construction,  which  is  similar  to  that  used  by  the 
lower  voltage  transformers,  is  weatherproof,  as  the  rain 
naturally  flows  away  from  the  opening  in  the  tank.  The 
surface  of  the  porcelain  bushing  is  smooth,  to  prevent 
the  accumulation  of  solid  matter  from  smoke,  sand- 
storms or  salt  spray.  The  lead  passing  through  the 
bushing  is  a  treated  cloth  insulated  conductor,  cemented 
in  place,  the  glazing  being  omitted  from  the  inside  of  the 
bushing  so  that  the  cement  will  adhere  to  its  surface. 
The  thickness  of  the  insulation  on  the  conductor  is  prac- 


to  the  lead,  the  syphoning  would  be  practically  negligi- 
ble, because  of  the  gum  which  is  used  between  the  layers 
of  the  treated  cloth.  This  gum  fills  the  space  between 
layers  so  as  to  leave  no  ducts  through  which  oil  could 


FIG.   2  FIG.   3 

FIGS.  2  .-^ND   3 — 22  OOO  VOLT   DISTRIBUTING   TRANSFORMER   WITH 
C.\ST-IRON    C.\SE 

tically  0.5  inch,  composed  of  varnish  treated  cloth,  with 
a  covering  of  weatherproof  braid,  the  total  diameter 
over  the  braid  being  about  1.125  inches.  To  prevent 
syphoning  of  oil  through  these  leads,  the  ends  inside  the 
case  are  taped  over,  as  shown  in  Fig.  5,  so  as  to  keep  oil 
from  entering  the  lead.   Even  with  oil  having  free  access 


FIG.  4 — 22000  VOI.T  DISTRIBUTING  TRANSFORMER   WITH 
PRESSED-STEEL  CASE 

be  drawn.  As  shown  in  Fig.  5,  the  porcelain  bushing  is 
cemented  into  a  standard  pipe  bushing.  The  glazing  is 
omitted  from  the  porcelain  at  the  place  where  it  passes 
through  the  pipe  bushing,  and  the  porcelain  is  also 
scored  at  this  point,  so  that  the  cement  may  get  a  grip 
on  its  surface.  The  whole  bushing  with  lead  is  screwed 
into  the  transformer  case,  the  case  having  been  tapped 
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with  a  standard  pipe  thread.  The  entire  bushing  and 
lead  can  thus  be  taken  out  of  the  transformer  for  ship- 
ment and  be  easily  put  into  place  again  when  the  trans- 
former is  installed,  thus  preventing  breakage  of  bushings 
in  shipment.  The  holes  in  the  tank  are  closed  during 
shipment  with  standard  gas  plugs. 


The  Engineering  Evolution  of  Electrical 
Apparatus— XXIII 

THE  HISTORY  OF  THE  LIGHTNING  ARRESTER— (Cone/.) 


R.  P.  Jackson 


THE  DISCOVERY  of  the  non-arcing  alloy  marked 
a  great  advance  in  lightning  protection  and  of- 
fered a  way  of  producing  arresters  to  meet  the 
rapidly  rising  alternating  voltages  w^hich  appeared  in 
the  years  1900  to  1906.  One  of  the  first  discoveries 
made  in  the  application  of  this  principle  was  that  of  the 
characteristics  of  the  shunted  gap.  It  is  said  that  this 
discovery  first  came  about  through  the  eflfort  to  measure 
the  voltage  over  a  small  arc  controlled  to  a  rough  ap- 
proximation of  constant  current  by  means  of  impedance. 
It  was  found  that  as  soon  as  the  voltmeter  was  put  in 
parallel  with  the  arc,  the  arc  would  drop  out  or  disap- 
pear. This  disclosed  to  the  observer  that  it  was  difficult 
to  maintain  an  alternating-current  arc  with  a  certain 
amount  of  resistance  in  parallel. 
Use  was  soon  made  of  this  fact  to 
increase  the  arc-suppressing  char- 
acter of  alternating-current  light- 
ning arresters. 

Practically,  two  sets  of  arrester 
gaps  were  put  in  series  and  one  of 
them  shunted  by  a  resistance  of 
suitable  value,  and  if  necessary  to 
limit  the  power  current  another  re- 
sistance was  put  in  series  with  both 
sets  of  gaps.  This  lightning  dis- 
charge would,  if  of  any  volume  and 
of  high  frequency,  pass  over  the  un- 
shunted  or  series  gaps  bringing  the 
line  potential  directly  to  the  shunted 
gaps.  Here  the  discharge  would  di- 
vide and  part  go  through  the  shunt 
resistance  and  part,  usually  the 
larger  part,  over  these  shunted  gaps 
and  to  ground  through  the  series 
resistance.  The  shunt  resistance  would  draw  ofif  the 
power  current  from  the  shunt  gaps,  and  when  the 
arc  in  these  gaps  had  disappeared  the  ohmic  value  of 
the  shunt  and  series  resistances  together  would  limit 
the  current  to  such  a  value  that  it  could  in  turn  be  sup- 
pressed by  the  series  gaps.  The  operation  was  then 
completed  as  the  arrester  had  cleared  itself. 

It  was  found  in  connection  with  this  combination 
that  the  voltage  necessary  to  break  down  these  series 
and  shunt  gaps  initially  was  not  appreciably  greater 
than  that  required  by  the  series  gaps  alone.  There  had 
been  developed  by  Mr.  Percy  H.  Thomas  a  method  of 
comparing  arresters  by  measuring  the  so-called  "equiva- 
lent spark  gap."  The  arrester  above  described  had  a 
high  arc  suppressing  power  and  a  low  equivalent  spark 
gap,  and  was  for  that  reason  named  by  Mr.  Thomas  the 


FIG.    14 — ARRANGE- 
MENT OF  THE 
LOW-EQUIVALENT 
LIGHTNING   ARRESTER 
FOR  6000  VOLT 
CIRCUITS 


"low  equivalent  arrester."  Its  scheme  of  connections 
is  shown  in  Fig.  14.  The  method  of  measuring  the 
equivalent  spark  gap  was  to  charge  a  condenser  of  a  ca- 
pacity of  about  0.1  microfarad  to  a  potential  of  30000 
to  60000  volts  and  then  discharge  this  condenser  over 
the  arrester  with  a  plain  ball  spark  gap  in  parallel.  For 
convenience,  spheres  of  one-half  inch  diameter  were 
used,  and  this  distance  between  them,  over  which  the 
discharge  would  pass  as  readily  as  over  the  arrester, 
was  called  the  "equivalent  spark  gap."  Fig.  15  shows 
the  scheme  of  charging  and  discharging  such  a  con- 
denser from  an  alternating-current  power  circuit. 

This  low  equivalent  arrester  began  its  development 
at  2200  volts  and  continued  with  the  rise  of  alternating 
voltages  to  88000  volts.  A  great  many  were  made  for 
33  000  volts,  a  rather  limited  number  for  66  000,  and 
only  one  power  company  was  equipped  with  88  000  volt 
low  equivalent  arresters.  That  seemed  to  be  about  as 
high  as  that  type  of  arrester  could  be  carried.     Even 
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FIG.    15 — METHOD    OF    MEASURING    EQUIVALENT    SPARK-GAP 

with  arresters  of  44  000  volts  and  above  the  effect  of 
the  surrounding  grounded  structures,  such  as  walls 
and  barriers,  was  to  disturb  the  arc-suppressing  power 
of  the  gaps  and  required  a  variable  corrective  element 
in  the  form  of  shields  or  antennae  charged  at  line 
potential.  This  was  ordinarily  accomplished  by  hang- 
ing live  wires  down  the  back  of  the  marble  panels  on 
which  the  gaps  were  mounted  and  encasing  such  wires 
in  insulating  tubes. 

Low  equivalent  arresters  or  devices  of  similar  multi- 
gap  character  are  to  be  found  in  all  parts  of  America, 
and  they  have  served  to  afford  a  considerable  degree  of 
protection  against  lightning,  as  well  as  to  an  element  of 
interest  to  station  operators  as  to  what  might  have 
happened  to  their  apparatus  if  the  discharges  seen  to 
pass  over  the  arresters  had  gone  into  such  apparatus. 

During  the  period  just  before  and  after  1900  Mr. 
Thomas  developed  the  scheme  of  protecting  inductive 
apparatus  by  means  of  a  combination  of  a  choke  coil 
and  a  condenser.  This  combination  was  called  the 
"static  interrupter."  While  it  was  not  manufactured 
long,  due  to  cost  reasons,  yet  its  theory  was  essentially 
correct. 

Electrically  considered,  any  apparatus  having  wind- 
ings on  iron  has  inertia  and  is  fragile.    The  changing  of 
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its  magnetic  condition  is  similar  to  the  accelerating  of 
a  mass  of  fragile  material,  like  a  structure  of  glass  or 
porcelain.  Such  change  can  take  place  at  certain  speeds 
in  entire  safety,  but  a  sudden  blow  is  dangerous.  That 
is  why  lightning  is  dangerous  to  transformers  and  gen- 
erators, etc.     If   instead   of   striking  the  blow  on   the 


kept  slightly  separated  by  an  insulating  filler  and  binder. 
The  result  is  that  a  lightning  discharge  divides  into 
myriads  of  multi-branches  instead  of  following  a  single 
path  through  the  block.  Fig.  17  shows,  in  a  way,  how 
this  occurs,  and  Fig.  18  shows  how  this  device  was 
worked    out    in    commercial    forms.      This    multipath 


FIG.    16 — EARLY    ST.VTIC    INTERRL'PTKR 

glass  or  porcelain,  above  referred  to,  it  is  struck  against 
a  mass  of  metal  with  a  sheet  of  rubber  interposed  be- 
tween such  mass  and  the  glass  or  porcelain,  it  is  obvious 
the  destructive  effect  of  the  blow  will  be  much  lessened. 
Mr.  Thomas  conceived  the  idea  of  interposing  a  choke 
coil  and  a  condenser  as  the  electrical  equivalent  of  the 
mass  of  metal  and  the  sheet  of  rubber.  Such  a  device 
is  shown  in  Fig.  16.  A  considerable  number  were  pro- 
duced between  1900  and  1905,  and  were  really  excellent 
in  protective  character.  The  expense  of  the  large  high- 
voltage,  oil-insulated  condenser  gradually  compelled  its 
omission,  leaving  only  the  oil-insulated  choke  coil,  which 
continued  for  some  years  longer,  when  it  also  went  out 
of  style  for  similar  reasons  of  cost.  The  static  inter- 
rupter is  theoretically  a 
very  effective  device, 
and  if  a  way  is  ever 
found  of  producing 
cheap,  high-  voltage 
condensers  its  revival 
might  be  warranted. 

In  the  500  volt  di- 
rect -  current  field  the 
tank  type  of  station 
arrester  continued  in 
use  for  a  number  of 
years,  but  its  manufac- 
For  line  service  there 
and    1904  a   novel   ar- 


Ifi.    17 — CROSS  SECTION  OF  ARRESTER 

SHOWN    IN    FIG.     18    INDICATING 

DIRECTION  OF  CURRENT  FLOW 

DURING   DISCHARGE 


ture  finally  ceased  about  1908 
came  into  use  between  1902 
Tester  known  as  the  "MP,"  an  abbreviation  for  "multi- 
path."  This  device  is  extensively  used  and  con- 
sists of  a  block  of  granular  material  with  metal  plate 
terminals  of  some  area  on  each  side.  Part  of  the  ma- 
terial of  the  block  is  conducting  granules,  and  these  are 


FIG.    18 — 600  VOLT    MULllPATH    KAIl.WAV   ARRESTER 

scheme  was  brought  out  by  Mr.  Thomas,  and  further 
developed  by  Mr.  N.  J.  Neall,  and  has  had  about  the 
longest  active  commercial  life  of  any  of  the  arrester 
devices.  Considering  its  simplicity  it  was  a  happy  idea. 
Several  efiforts  were  made  to  use  the  same  principles 
by  using  several  blocks  in  series  for  higher  voltages 
without  success.  When  so  used  there  was  a  strong 
tendency  for  the  power  current  to  follow  the  lightning 
discharge  and  melt  a  hole  through  the  whole  series. 
Various  combinations  of  a  gap  in  series  with  a  resist- 
ance and  either  a  mechanical  or  a  magnetic  circuit  open- 


FIG.    19 — CONDENSER   TYPE   ARRESTER   FOR   CAR    MOUNTING 

ing  scheme  used  to  suppress  the  power  arc  were  exten- 
sively used  at  various  times.  The  heavier  power  cir- 
cuits with  direct-current  voltages  of  750  have  made  life 
hazardous  to  many  of  the  older  types  of  direct-current 
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20 — EARLY    EXPERIMENTAL    ELECTRO- 
LYTIC  LIGHTNING    ARRESTER 


railway  arresters,  and  the  more  recent  use  of  direct- 
current  potentials  up  to  5000  volts  renders  the  arrester 
problem  for  lines  and  cars  so  equipped  still  more  diffi- 
cult. The  modern  tendency  is  to  return  to  the  static 
interrupter  idea  by  the  use  of  condensers  with  a  gap  in 
series  and  this  condenser  kept  discharged  by  means  of  a 

very  high  resist- 
a  n  c  e  in  parallel 
with  it.  Arresters 
of  this  type  are 
shown  in  Fig.  19. 
Improved  methods 
of  producing  con- 
densers will  prob- 
ably extend  the  de- 
velopment of  this 
type  of  arrester, 
especially  for  di- 
rect-current work. 
The  most  nota- 
ble development  in 
lightning  pro  tec- 
tion  in  recent  years 
has  been  that  of 
the  electrolytic  or 
aluminum  cell  ar- 
rester for  both  al- 
ternating and  direct-current  circuits.  This  work  was 
begun  at  East  Pittsburgh  early  in  1906,  and  was  carried 
on  for  the  next  three  or  four  years  and  developed  to  the 
present  commercial  forms.  Curiously  enough,  a  similar 
line  of  work  was  started  at  Schenectady,  N.  Y.,  at  about 
the  same  time,  and  for 
some  months  neither 
group  of  engineers  knew 
of  the  others'  work. 

The  peculiar  character- 
istics of  aluminum  which 
causes  it  to  form  a  film  in 
certain  electrolytes  of  such 
exceeding  thinness  as  to 
give  a  capacity  of  unusual 
value  for  the  area  in- 
volved, and  also  to  give  a 
safety  valve  action  not 
otherwise  obtainable, 
gives  this  material  a  pecu- 
liar value  for  purposes  of 
lightning  protection.  This 
principle  has  been  known 
for  many  years,  and  in  it- 
self involved  no  novelty. 
The  problem  was  to  adapt 
the  unit  of  a  single  plate 
which  would  withstand  a  potential  of  about  420  volts 
to  series  combinations  suitable  for  the  voltages  (up  to 
60  000 )  then  in  use.  While  various  efforts  were  made 
with  vertical  plates  in  a  jar,  it  was  found  impractical  to 
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combine  sufficient  units  for  more  than  500  volt  work. 
The  first  really  successful  experiment  took  the  form  of  a 
sewer  pipe  stacked  full  of  aluminum  "pie  tins"  separated 
about  one-quarter  of  an  inch  by  means  of  insulating 
spacers.  Each  tray  or  pie  tin  was  filled  with  electrolyte 
after  having  been  properly  treated  in  an  electrolytic 
bath.  By  this  means  a  unit  suitable  for  about  10  000 
volts  was  obtained.  The  writer  has  some  of  these  orig- 
inal pie  trays  at  home  that  are  still  in  domestic  service. 

The  commercial  development  at  first  followed  this 
lead  and  took  the  form  of  stacks  or  columns  of  alum- 
inum cones  or  trays  mounted  in  stoneware  jars,  as 
shown  in  Fig.  20.  While  this  design  eliminated  the 
problem  of  an  insulated  terminal  for  the  line  side  of  the 
arrester  column,  vet  the  irregularitv  of  stoneware  con- 


FIG.  22 — TYPICAL  INSTALLATION  OF  II5OOO  VOLT,  THREE-PHASE  UN- 
GROUNDED  NEUTRAL   ELECTROLYTIC   LIGHTNING   ARRESTERS 

At  the  plant  of  the  Inawashiro  Hydroelectric  Company,  Japan, 
struction  and  its  tendency  to  fracture  afterwards  neces- 
sitated steel  tanks  and  outlet  bushings,  as  shown  in 
Fig.  22. 

The  more  recent  years  have  brought  many  varia- 
tions of  the  principles  herein  described  to  meet  com- 
mercial requirements,  and  numerous  curious  schemes,  in 
many  cases  quite  effective,  have  been  tried  out  by  oper- 
ating engineers.  Lightning  still  continues,  however,  and 
occasionally  does  damage.  The  increased  factor  of  in- 
sulation made  possible  by  a  higher  development  of  the 
art  has  rendered  the  responsibility  of  lightning  protec- 
tive apparatus  materially  less  as  to  the  danger  of  an 
actual  injury  occurring  to  the  power  apparatus.  The 
increased  size  and  power  capacity  of  such  apparatus  has, 
on  the  other  hand,  increased  the  importance  of  pro- 
tecting it. 


Protection  of  Distributing  Transformers 
from  Lightning 


Q.  A.  Brackett 


ELECTRIC  distribution  circuits  for  light  and 
power,  at  voltages  from  2200  to  6600,  afford  one 
of  the  most  widespread  fields  for  the  application 
of  lightning-protective  apparatus.  As  in  the  case  of 
electric  railways,  the  number  of  separate  pieces  of  ap- 
paratus requiring  protection  is  quite  low.  The  public, 
however,  is  demanding  uninterrupted  service,  and  light- 
ing companies  are  finding  it  more  and  more  necessary  to 
prevent  interruptions  due  to  failure  of  transformers. 
There  is  a  growing  tendency,  therefore,  not  only  to  de- 
mand better  lightning  arresters  and  transformers,  but 
also  to  increase  the  number  of  arresters  used,  even  to  the 
extent  of  having  an  arrester  for  every  transformer. 

This  makes  the  question  of  the  type  of  lightning 
arrester  of  still  greater  importance.  If  it  is  to  give  sat- 
isfaction, the  arrester  must  be  designed  to  have  certain 
definite  qualities  and  characteristics  suited  to  this  ser- 
vice. First,  it  must  be  low  in  cost,  in  order  that  the  in- 
vestment for  protection  may  not  be  large  in  proportion 
to  the  value  of  the  apparatus  to  be  protected,  especially 
where  so  many  separate  units  are  involved.  Second,  it 
must  be  reliable  and  free  from  operating  troubles.  It 
must  be  able  to  handle  all  ordinary  discharges  without 
serious  injury  to  itself  and  without  grounding  the  line. 
Third,  it  must  afford  the  maximum  protection  to  the 
transformer  against  lightning  that  is  compatible  with 
low  cost  and  reliability.  No  arrester  can  be  expected  to 
give  absolutely  perfect  protection,  because  the  results  in 
any  case  are  largely  aflfected  by  the  condition  of  the  par- 
ticular installation.  A  good  arrester,  improperly  in- 
stalled, cannot  be  expected  to  give  the  best  results. 
Fourth,  the  arrester  must  be  so  designed  that  in- 
spection and  repairs  are  easily  and  safely  made.  With 
an  increase  in  the  number  of  arresters  used,  the 
chances  of  injury  to  linemen  increase  greatly  and,  not 
only  from  the  general  standpoint  of  humanity,  but  also 
in  view  of  the  spread  of  employers'  liability  laws,  it  is  of 
great  importance  that  this  danger  be  minimized.  There 
is  no  good  reason  why  the  "safety  first"  idea  should  not 
be  applied  to  lightning  arresters  as  well  as  to  other 
apparatus. 

A  new  2200  volt  outdoor  arrester  is  shown  in  Fig.  i 
in  which  the  "safety  first"  principle  has  been  embodied 
in  addition  to  the  other  desirable  characteristics.  This 
arrester  consists  of  three  series  spark  gaps  between 
knurled  non-arcing  metal  cylinders  in  series  with  a  100 
ohm  non-inductive  resistance  rod.  These  parts  are 
mounted  in  a  straight  line  on  a  porcelain  base  and  en- 
closed in  a  weather-proof  cast-iron  case.     Both  the  line 


and  ground  leads  are  insulated  from  the  l)o.\  by  porce- 
lain bushings.  This  combination  of  non-arcing  gaps  and 
a  resistance  has  been  used  in  2200  volt  arresters  of 
earlier  design  for  years,  and  long  experience  has  shown 
that  it  gives  excellent  service. 

Tlic  operation  of  the  arrester  depends  upon  the  fact 
that  the  non-arcing  metal  gaps  have  the  property  of  sup- 
pressing the  power  arc  which  follows  a  lightning  dis- 
charge at  the  end  of  the  first  half  cycle.  This  well- 
known  principle  allows  the  use  of  much  smaller 
resistance  rods,  without  undue  heating,  than  could  be 
used,  for  instance,  with  a  horn  gap  arrester,  which 
allows  the  arc  to  persist  for  many  cycles  before  it  can  rise 


l,,..    I — A    .SKW    -'JOO    VOLT,    OLTDOOR,    ALTERNATIXC-Cl'RRENT 
LIGHTNING   ARRESTER 

Showing  box  opened  and  closed. 

high  enough  to  break.  This  allows  the  arrester  to  be  kept 
small  and  compact  and  also  reduces  its  cost.  The  num- 
ber of  gaps  is  the  lowest  that  can  be  relied  upon  to  break 
the  arc  following  a  discharge,  while  the  resistance  is 
lower  than  that  used  in  many  other  arresters  for  this 
service  and  as  low  as  experience  has  shown  is  advisable. 
The  small  spark  gap  means  a  low  discharge  voltage, 
which  insures  that  the  arrester  will  start  to  give  protec- 
tion before  the  voltage  of  a  surge  has  risen  to  a  harmful 
value,  while  the  low  resistance  in  series  provides  a  very 
free  escape  for  the  lightning.  Arresters  of  this  descrip- 
tion have  been  available  before,  but  the  new  "safety 
first"  feature  has  just  been  introduced.  This  consists  in 
mounting  the  porcelain  base,  which  carries  the  spark 
gaps  and  resistance  rod,  on  the  inside  of  the  cover  of  the 
arrester  box,  while  the  line  and  ground  leads  are  brought 
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[G.     2 — INDOOR     AND     OUTDOOR, 
NON-ARCING  METAL  LIGHT- 
NING ARRESTER 

For  6600  volt  circuit. 


in  tiirough  bushings  to  terminal  studs  in  the  bottom  half 
of  the  box.  Connections  between  the  arrester  element 
and  the  terminal  studs  are  made  by  flat  springs,  which 
make  contact  only  when  the  box  is  closed.  When  the 
box  is  opened  these  connections  are  broken  and  the  ar- 
rester element,  being  mounted  on  the  cover,  is  carried  to 
such  a  distance  from  the  line  terminal  that  it  can  be 
safely  handled  by  the  lineman.  The  cylinders  can  be 
turned  around  to  present 
fresh  surface  for  discharge 
if  they  show  signs  of  burn- 
ing, the  resistance  rod  can 
be  replaced  if  necessary,  or 
the  entire  arrester  element 
can  be  removed  and  a  new 
one  substituted  without 
danger  to  the  lineman  and 
without  disconnecting  the 
arrester  from  the  line  or 
removing  it  from  the  pole. 
The  arrester  is  arranged 
to  be  mounted  vertically 
downward  from  the  cross- 
arm  and  a  lug  is  provided 
at  its  top  for  that  purpose,  with  holes  for  standard  three- 
eighths  inch  lag  screws.  This  arrangement  takes  up  a 
minimum  of  space  on  the  crossarm.  Both  terminal  bush- 
ings are  arranged  to  shed  rain  efifectively,  while  flax 
packing  insures  a  water-tight  joint  around  the  cover, 
which  is  hinged  and  fastened  by  a  spring  latch. 

A  6600  volt  arrester  in  which  these  same  results 
have  been  accomplished  in  a  dififerent  way  is  shown  in 
Fig.  2.  It  is  also  of  the  non-arcing  metal  type,  but  the 
spark  gaps  are  formed  between  concentric  bell-shaped 
electrodes  instead  of  between  cylinders.  A  large  spark- 
ing surface  is  thus  provided  without  readjustment,  and 
nine  spark  gaps  are  used  in  series  with  a  resistance  rod 
of  400  ohms.  The  spark  gap  bells  are  mounted  on  a 
central  insulated  steel  rod,  which  at  its  upper  end  is 
cemented  into  a  porcelain  insulator.  The  lower  end  of 
the  steel  rod  carries  a  bakelite  micarta  tube,  which  en- 
closes the  resistance  rod;  the  insulation  of  the  spark 
gaps  is  also  of  bakelized  micarta.  This  type  of  arrester 
is  arranged  to  hang  from  the  line  wire  at  a  sufificent  dis- 
tance from  the  pole  to  be  out  of  the  way  of  the  lineman. 
This  contributes  to  safety  first  but,  where  preferred,  the 
arrester  can  be  hung  from  the  crossarm. 

This  arrester  is  provided  with  a  metal  rain  shield  to 
protect  the  spark  gaps  from  rain  and  snow.  Another 
feature  is  the  static  efifect  of  the  steel  rod  through  the 
center  of  the  spark  gap  bells.  As  this  rod  is  at  ground 
potential  it  greatly  increases  the  capacity  current 
through  the  upper  gaps,  considered  as  small  condensers. 
This  causes  the  voltage  across  the  gaps  to  divide  un- 
equally between  the  gaps  and  pile  up  across  the  upper 
gaps,  thus  lowering  the  break-down  voltage  of  the  ar- 


rester. The  breaking  of  the  power  arc  following  a  dis- 
charge is  greatly  helped  by  the  cooling  of  the  gaps  due  to 
their  large  area  and  open  exposure  to  the  air,  which  also 
prevents  the  accumulation  of  the  metallic  fumes  follow- 
ing discharges  that  cause  so  much  trouble  in  lightning 
arresters  where  the  spark  gaps  are  confined  in  a  very 
small  space. 

In  Fig.  3  is  shown  a  non-arcing  metal  type  of  light- 
ning arrester  for  outdoor  service  on  11  000  and  13200 
volt  circuits.  This  arrester  is  of  a  more  elaborate  design 
than  those  previously  described  and  makes  use  of  a 
shunt  as  well  as  a  series  resistance.  Light  discharges 
pass  through  a  few  gaps  and  the  two  resistances  in 
series,  while  heavy  discharges  leave  the  shunt  resistance 
and  by-pass  through  the  shunt  gaps,  so  that  only  the 
series  resistance  limits  the  freedom  of  discharge.  When 
lightning  has  passed,  the  non-arcing  shunt  gaps  return 
the  power  arc  to  the  shunt  resistance,  which,  added  to 
the  series  resistance,  lowers  the  current  to  a  value  that 
the  series  gaps  can  interrupt.  Outdoor  arresters  of  this 
type  and  for  this  voltage  have  only  recently  been  avail- 
able, but  arresters  for  as  high  as  22  000,  or  even  33  000 
volts,  can  now  be  made.  The  resistances  used  are  of  the 
rod  type  and  are  mounted  directly  on  the  spark  gap 
units.  They  are  an  improvement  over  the  wire  resist- 
ances formerly  used ;  the  material  employed  in  the  rods 
is  permanent  in  its  resistance  value  and  is  practically 
unaiifected  by  static. 

Adequate  protection  from  high  voltages  is  now  avail- 
able for  all  classes  of  distributing  transformers,  and  the 
experience  of  many  operating  companies  is  showing  the 
advantage  to  be  gained  by  a  more  complete  system  of 


FIG.    ,5 — A    LOW-EQUIVALENT,    NON-ARCING    TYPE    OF 
LIGHTNING   ARRESTER 

For  II  000  and  13200  volt  circuits, 
protection  than  has  been  common  in  the  past.  Lightning 
arresters  are  now  available  that  will  not  only  provide 
adequate  protection,  but  will  also  allow  that  ease  and 
safety  of  installation  and  inspection  that  becomes  of  in- 
creasing importance  as  the  number  of  installed  units 
increases. 


The  Electrical  Equipment  of  the  New 
William  Penn  Hotel 


J.  Irvi.v  Alexander 

Contract  Dept.. 

Duquesne  Light  Company,  Pittsburgli 


IN  THEIR  decision  to  have  the  WilHam  Penn  Hotel, 
which  was  opened  in  Pittsburgh  on  March  9th,  1916, 
entirely  modern  in  every  respect,  the  management 
planned  a  most  elaborate  and  extensive  electrical  equip- 
ment to  provide  for  the  utmost  service  and  comfort  to  its 
guests.    From  the  huge  electric  sign  towering  above  the 
top  of  the  building  to  the  electrically-driven  sump  putnp 
located  below  the  sub-basement  floor,  the  hotel  is  com- 
pletely electrified.    Eliminate  the  silent  and  efficient  ser- 
vant— electricity — and  the 
William  Penn  Hotel  as  it 
stands  today  would  be  ut- 
terly impossible.  "*"'" 

A  careful  study  was 
made  of  the  relative 
merits  of  central  station 
and  isolated  plant  service, 
giving  due  consideration 
to  reliability  of  operation 
and  the  many  other  ad- 
vantages of  central  station 
service,  as  well  as  the  tre- 
mendous amounts  of  both 
high  and  low  -  pressure 
steam  which  are  required 
for  the  daily  normal  oper- 
ation of  a  big  modern 
hotel,  even  during  warm 
weather.  The  decision  was 
finally  made  to  purchase 
all  the  electric  service  from 
the  Duquesne  Light  Com- 
pany and  the  steam  from 
the  Allegheny  County 
Steam  Heating  Company. 

Rising  twenty  stories 
above  ground,  penetrating  three  stories  underground 
and  covering  the  better  part  of  an  entire  city  block,  the 
William  Penn  Hotel,  erected  at  a  cost  of  over  $6  000  000, 
is  furnished  with  a  lavishness  for  comfort  and  luxury 
which  places  it  among  the  leading  hotels  of  the  country. 
Its  one  thousand  guest  rooms,  spacious  halls,  corridors, 
cafes,  restaurants  and  reading  rooms  are  all  equipped  in 
the  most  modern  manner  to  provide  for  the  comfort, 
convenience  and  pleasure  of  over  1500  guests. 

The  furnishings  of  the  main  lobby,  shown  in  Fig.  2, 
may  be  considered  as  typical  of  the  entire  hotel.  Like 
the  exterior  of  the  building,  it  is  patterned  after  the 
style  of  the  Italian  Renaissance,  and  is  without  columns 
to  break  the  vista  or  to  interfere  with  the  free  movement 
of  the  guests.    The  woodwork  is  of  dark  walnut  and  the 


FIG.    I — THE  Wn.I.IAM   PENN   HOTEL 


furnishings  are  dull,  subdued  and  massive.  The  ceiling 
is  of  two-story  height,  and  a  balcony  parlor  overlooks 
the  entire  room.  At  the  rear  are  the  executive  quarters. 
news  stands,  etc.,  and  the  elevators. 

At  either  side  of  the  lobby  arc  the  main  restaurants. 
The  one  at  the  left,  shown  in  Fig.  3,  is  finished  like  the 
lobby,  with  walnut  and  green  marble,  and  subdued  col- 
orings  for  the   ceiling  and   walls,   broken   only   by   an 
elaborate  mural  decoration  re])resenting  "The  Seasons" 
in  a  series  of  harvest  fes- 
tiyals    with    life-size    fig- 
lucs.      The    other    res- 
taiu^aut    is    of    equal    size 
.111(1  similar  appointments, 
being    finished    after    the 
<  icorgian  period,  in  ivory 
iiiil    gold.      A    third    res- 
laurant,  on   the  basement 
floor,  is  finished  after  the 
Elizabethan  period. 

One  of  the  most  spec- 
tacular rooms  of  the  build- 
ing is  the  combined  ball- 
room and  banquet  hall, 
which  occupies  one-third 
of  the  floor  space  on  the 
eighteenth  floor,  with  a 
lialcony  around  the  entire 
room.  This  room  has  seat- 
ing capacity  for  900 
diners,  and  more  can  be 
accommodated  in  the  gal- 
lery if  necessary.  It  is 
decorated  somewhat  after 
the  delicate  color  scheme 
of  the  Georgian  period 
restaurant,  although  elaborateness  of  detail  is  more  pro- 
nounced. A  special  feature  of  this  room  is  the  disap- 
Iiearing  stage,  which  can  be  elevated  or  left  at  floor  level, 
as  desired.  Adjoining  the  banquet  hall  are  numerous 
smaller  dining-rooms  for  private  parties,  with  capacities 
for  10  to  160  guests.  There  is  also  in  the  hotel  a  com- 
lilete  cafeteria,  operated  exclusively  for  the  help. 

Separate  kitchens  are  provided  for  the  main  res- 
taurants, the  Elizabethan  room  and  the  banquet  hall, 
each  equipped  completely  with  ranges,  tables,  ovens, 
steam  heaters  and  many  electrically-operated  devices 
which  hasten  or  improve  the  preparation  of  the  food. 
.Mjove  the  main  kitchen,  small  service  kitchens  branch 
nut  on  every  third  floor  all  the  way  up  to  the  big 
kitchen    serving    the    banquet    hall,    each    service    room 
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being  prepared  for  complete  serving  of  meals  to  guests 
in  -their  apartments  and  all  being  connected  together  by 
dumbwaiters. 

The  guest  rooms  are  furnished  in  a  sumptuous  man- 
ner, and  range  in  price  from  $2.50  to  $28  per  day,  ex- 
clusive of  the  "state  suite"  for  special  occasions,  which 
rents  for  $50  per  day.  The  size  and  location  of  the 
room  determine  its  value,  the  equipment  and  furnishings 
being  much  the  same  in  general  character.  The  complete 
service  will  require  over  800  employees,  over  100  of 
them  being  in  the  kitchens,  and  130  being  regular  waiters 
and  service  men. 

ELECTRIC   POWER   CONSUMPTION 

The  total  connected  load  of  the  William  Penn  Hotel 
includes  approximately  1000  horse-power  of  direct- 
current  motors  at  220  volts  and  800  kilowatts  of  light- 
ing and  miscellaneous  small  power  motors  on  the  light- 


agement  for  sub-basement  floor  space  for  a  substation 
adequate  for  their  needs.  At  present  there  are  installed  in 
this  substation  three  200  kw  motor-generator  sets,  con- 
verting three-phase,  2200  volt  power  to  220-1 10  volts, 
three-wire,  direct  current ;  three  250  kw,  single-phase 
transformers  for  reducing  the  line  voltages  from  1 1  000 
volts  to  2200  volts  for  the  motor-generator  sets,  and  three 
250  kw,  II  000  to  110-220  volts,  three-wire,  single-phase 
transformers  for  supplying  the  lighting  load ;  also  a 
switchboard  and  switching  equipment  for  controlling  the 
high-tension  incoming  lines,  as  well  as  the  transformer 
secondaries  and  the  output  of  the  motor-generators. 
Due  to  the  cramped  condition  of  the  room,  it  was  found 
necessary  to  install  this  switching  equipment  in  a  high, 
narrow  form,  one  bus  with  its  oil  circuit  breakers  being 
installed  on  the  first  floor  level,  the  second  bus  with  its 
oil  circuit  breakers  on  the  second  floor  level,  and  the 
control  panels  with  the  instruments,  relays,  etc.,  on  the 


-GENERAL  VIEW  OF    MAIN   LOBBV 


ing  circuits  at  110-220  volts,  three-wire,  single-phase, 
alternating  current.  The  building  contains  over  20  000 
Mazda  lamps,  ranging  in  size  from  10  to  250  watts. 
The  five-minute  maximum  demand  under  normal  oper- 
ating conditions  is  approximately  600  kilowatts  for  light- 
ing and  560  kilowatts  for  power,  the  maximum  coin- 
cident demand  for  light  and  power  being  approximately 
1000  kw.  Based  on  readings  taken  during  the  first  two 
months  of  operation,  it  is  expected  that  the  annual  cur- 
rent consumption  for  power  will  run  approximately 
2  700000  kilowatt-hours  and  for  lighting  approximately 
900  000  kilowatt-hours. 

As  the  Duquesne  Light  Company  needed  a  sub- 
station in  the  immediate  vicinity  of  the  hotel  both  for  the 
hotel  load  and  for  the  load  of  several  other  large  office 
buildings  which  are  being  erected  in  the  near  neighbor- 
hood, they,  in  conjunction  with  the  Allegheny  County 
Steam  Heating  Company,  contracted  with  the  hotel  man- 


third  floor  level,  which  is  about  three  feet  below  the 
regular  operating  gallery  of  the  substation.  The  bus- 
bar and  switch  structures  are  built  of  concrete  and 
asbestos  lumber,  and  the  whole  structure  is  designed  to 
give  the  maximum  possible  reliability.  The  floor  level 
of  the  substation  and  boiler  room  is  approximately  60 
feet  below  the  adjacent  sidewalk  level  of  Sixth  avenue. 
.\\\  this  electrical  equipment  as  at  present  installed  is  to 
take  care  of  the  hotel  load,  except  the  switching  equip- 
ment, which  is  installed  for  an  ultimate  station  capacity 
of  ID  000  kw.  Ample  room  is  provided  for  additional 
transformers  and  converting  apparatus,  which  it  is  ex- 
pected will  be  installed  in  the  near  future.  There  is  also 
installed  in  this  substation  a  battery  of  four  600  hp 
boilers  with  furnaces  equipped  for  burning  gas  nor- 
mally, but  also  arranged  so  that  coal  can  be  burned  in 
case  of  emergency.  Only  one  of  these  is  at  present  being 
operated  on  the  hotel  load. 
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LIGHTING    EQUIPMENT 

The  elaborate  and  lavish  use  of  artificial  lighting  is 
as  essential  a  part  of  a  large  hotel  as  are  its  restaurants. 
Perhaps  the  most  spectacular  lighting  features  are  those 
of  the  ballroom  and  lobby.  The  lobby,  which  is  said  to 
be  the  largest  in  the  country,  has  a  two-story  ceiling  and 
its  architectural  features  are  massive  in  effect  and  dark 
in  tone.    Two  huge  chandeliers  were  designed  especially 


FIG.   3 — THE   ITAU.\N    RESTAUR.\NT 

to  harmonize  with  the  general  architectural  features  and 
furnish  the  general  illumination,  while  semi-indirect  fix- 
tures under  the  balcony,  sidewall  brackets  and  special 
pedestal  and  table  lamps  add  brightness  to  the  general 
effect  and  prevent  dark  shadows.  All  the  lamps  which 
are  not  covered  are  completely  frosted.  The  lighting  of 
the  restaurants  is  similar  in  general  design,  big  orna- 
mental chandeliers  furnishing  the  general  illumination 
and  sidewall  brackets  obviating  shadows  near  the  walls. 
The  lighting  fixtures  in  the  ballroom  are  designed  espe- 
cially to  make  silks  shimmer  and  jewels  scintillate,  and 
the  chandeliers  are  a  mass  of  cut  glass  prisms  and 
sparkling  lights,  while  dainty  sidewall  candelabras  under 
the  balcony  add  to  the  general  brilliancy. 

In  keeping  with  the  general  tone  of  the  hotel  the 
lighting  of  the  individual  rooms  has  been  most  elab- 
orately carried  out.  In  addition  to  the  usual  fixtures  in 
the  center  of  the  room,  individual  lamps  are  located  on 
each  side  of  the  dressing  tables,  a  reading  lamp  is  pro- 
vided at  the  head  of  the  bed  and  wall  plugs  are  provided 
for  the  connection  of  special  table  lamps  or  electric  fans, 
electric  irons,  curling  iron  heaters  or  other  conveniences. 
The  corridors  are  kept  adequately  lighted  at  all  times 
with  semi-indirect  fixtures.  A  special  circuit  is  run 
from  the  switchboard  to  the  fire  exit  lights  and  the  lights 
in  the  enclosed  fire  escapes,  and  these  lights  are  kept 
liurning  at  all  times,  no  switches  for  turning  them  off 
having  been  provided. 

Electric  Sign — On  the  roof  at  the  north  side  of  the 
building,  facing  the  Pennsylvania  Railroad  Station,  the 
name  of  the  hotel  is  spread  out  in  old  English  letters. 
The  total  length  of  the  sign  is  140  feet,  the  capital  letters 
being  18  feet  in  height  and  the  small  letters  12  feet  in 
height.    The  sign  is  designed  so  as  to  be  equally  legible 


by  day  and  by  night.  Fifteen  hundred  25  watt,  no  volt 
tungsten  lamps  are  required  for  its  illumination,  giving  a 
total  connected  load  of  37.5  kilowatts.  The  letters  are 
of  channel  construction  and  are  mounted  on  an  angle 
iron  frame  work. 

REFRIGERATION 

All  refrigeration  in  a  modern  hotel  is  done  either  by 
direct  expansion  of  ammonia  or  by  the  use  of  cold  brine 
which  has  been  chilled  by  the  expansion  of  the  ammonia, 
the  latter  being  more  satisfactory  except  where  ex- 
tremely low  temperatures  are  desired.  To  secure  the 
best  results,  the  various  edibles  must  be  maintained  at 
(liff'erent  temperatures.  For  instance,  vegetables  must 
not  be  frozen,  but  must  be  maintained  at  a  fairly  low 
temperature,  approximately  40  degrees  F.  The  same 
statement  applies  to  butter,  milk  and  fresh  eggs.  Game 
must  be  kept  at  as  low  a  temperature  as  possible  with- 
out freezing,  usually  at  about  35  degrees  F.,  while  fresh 
meats  are  kept  better  at  a  temperature  of  38  to  40  de- 
grees. Sea  foods,  on  the  other  hand,  such  as  fish,  lob- 
sters, etc.,  must  be  frozen  and  are  kept  at  a  temperature 
of  about  25  degrees  F.  Ice  cream  must  be  stored  at  a 
temperature  below  freezing.  All  of  these  foods  must  be 
maintained  in  large  quantities  in  the  main  storerooms 
and  in  smaller  quantities  in  each  of  the  kitchens.  For 
this  reason,  in  the  William  Penn  Hotel,  62  different 
refrigerators  are  maintained,  each  at  its  proper  temper- 
ature, in  addition  to  the  ice  cream  freezers  and  ice  and 
ice  cream  storage.  No  cooling  is  done  by  direct  expan- 
sion of  the  ammonia,  except  the  drinking  water,  all  the 
rest  of  the  cooling  being  done  by  brine,  which  is  chilled 
by  the  expansion  of  the  ammonia  from  two  large  com- 
pressors, each  driven  by  a  90  hp,  225-450  r.p.m.  adjust- 
able speed  motor,  each  compressor  having  a  capacity 
equivalent  to  50  tons  of  ice  per  day.  Three  separate 
brine-circulating  systems  are  provided,  one.  known  as 
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the  low-pressure  system,  caring  for  the  requirements  of 
the  hotel  below  the  fifth  floor  (35  refrigerators),  at  a 
temperature  of  10  degrees  F.,  being  circulated  by  a  du- 
plicate equipment  of  centrifugal  pumps  driven  by  7.5 
hp,  1 100-2200  r.p.m.  motors;  a  second,  known  as  the 
high-pressure  system,  caring  for  the  requirements  above 
the  fifth  floor  (27  refrigerators),  at  the  same  tempera- 
ture, being  circulated  by  duplicate  reciprocating  pumps 
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driven  by  1.5  hp,  900-1800  r.p.ni.  motors:  and  the  ice 
cream  brine,  at  zero  F.,  which  is  circulated  by  duplicate 
reciprocating  pumps,  driven  by  1.5  hp,  900-1800  r.p.m. 
motors. 

h-c  Water — Specially  filtered  and  chilled  drinking- 
water  service  is  provided  in  each  of  the  guest  rooms  and 
at  intervals  throughout  the  corridors  and  lobby.  This 
cold  water  is  continuously  in  circulation  through  a  re- 
turn pipe  system  so  that  it  has  no  opportunity  to  become 
warm  from  standing  in  the  pipes.  It  is  chilled  by  the 
direct  expansion  of  ammonia  in  the  basement  and  is 
circulated  by  duplicate  centrifugal  pumps,  driven  by  7.5 
hp,  1 100-2200  r.p.m.  motors. 

Ice  Manufacture — Although  no  refrigeration  is  done 
directly  by  ice,  approximately  9000  pounds  of  ice  (30 
cakes)  are  required  per  day  to  supply  the  cracked  ice  for 
drinking  water,  butter  plates,  relishes,  etc.,  for  the  table 
and  for  the  cracked  ice  for  the  bar.  This  ice  is 
manufactured  in  the  basement  of  the  hotel  in  a  special 
freezing  room  having  100  standard  300  lb.  tanks,  and  a 
capacity  of  50  cakes  per  day  if  necessary,  using  the  raw 
water  ice  system.  A  brine  agitator  driven  by  a  3.5  hp 
motor  circulates  the  brine  among  the  tanks.  The  water 
in  the  tanks  is  agitated  by  cotnpressed  air,  until  the  cake 
is  nearly  frozen,  when  the  remaining  water  is  replaced 
with  distilled  water,  and  the  cake  frozen  solid.  An  ice 
storage  room  lies  adjacent  to  the  freezing  room.  The 
ice  is  crushed  for  table  use  in  a  motor-driven  ice  crusher 
or  sawed  into  two-inch  cubes  by  a  motor-driven  gang 
of  circular  saws. 

PUMPING    EQUIPMENT 

To  ensure  absolute  reliability  of  water  supply  a  com- 
plete dual  system  of  pumping  equipment  is  provided, 
with  the  idea  that  should  one  system  fail,  the  other  could 
take  its  place.     All  the  water  used  is  supplied  by  the 


FIG.    5 — GROUP   OF    MOTOR-DRIVEN    CENTRIFUG.'^L    PUMPS 

For  circulating  brine  through  the  low-pressure  system  and 
for  circulating  the  drinking  water.  Additional  brine  circulating 
pumps  are  shown  in  the  left  background. 

city,  and  filtered  by  equipment  in  the  hotel ;  the  drinking 
water  is  then  filtered  for  a  second  time  before  passing 
into  the  drinking  water  mains.  On  account  of  the  height 
of  the  building  the  city  water  pressure  (about  80  pounds 
per  square  inch)  is  not  depended  on  for  service  above 


the  tifth  floor.  Instead,  for  the  higher  floors,  the  water 
is  pumped  into  large  metal  tanks  on  the  nineteenth  floor, 
the  pumps  being  regulated  automatically  to  maintain  the 
level  in  the  tanks.  Two  centrifugal  pumps  of  350  gal- 
lons per  minute  capacity  against  a  head  of  317  feet  are 
provided  for  this  purpose,  and  are  driven  by  50  hp 
motors  at  1700  r.p.m.  This  is  known  as  the  high-pres- 
siu"e  system,  as  distinguished  from  the  low-pressure  sys- 


FIG.  0 — THE   HIGH-PKESSUKE  HOUSE  PUMPS  AND   FIRE   PUMPS 

tern  supplying  water  below  the  fifth  floor.  In  addition,  a 
centrifugal  pump  of  200  gallons  per  minute  capacity 
against  a  head  of  33  feet,  driven  by  a  10  hp,  1970  r.p.m. 
motor,  is  available  to  maintain  the  pressure  in  the  low- 
pressure  system  if  the  city  water  pressure  should  ever 
become  so  low  as  to  need  boosting.  One  of  the  high- 
pressure  house  pumps  is  also  arranged  so  that  it  can  be 
used  on  the  low-pressure  system  in  case  of  emergency. 

The  warm  water  from  the  ammonia  condensers  is 
collected  in  tanks  on  the  engine-room  floor,  and  is  thence 
pumped  into  the  high-pressure  hot  water  system.  Ordi- 
narily more  hot  water  is  used  than  is  supplied  l)y  the 
condensers  and  the  deficit  is  then  supplied  from  the  city 
mains.  If  the  condenser  water  is  not  all  used  it  over- 
flows into  a  sump  and  with  other  waste  water  is  pumped 
out  into  the  sewers  by  a  vertical  shaft,  immersed  centrif- 
ugal pump,  driven  by  a  20  hp,  650  r.p.m.  vertical  motor, 
with  automatic  float  control.  The  hot  water  is  heated  to 
about  180  degrees  F.  by  steam  coils  in  duplicate  for  both 
high  and  low-pressure  systems,  and  is  circulated  through 
a  return  pipe  system  at  each  pressure  by  duplicate  cen- 
trifugal pumps  driven  by  5  hp,  iioo  r.p.m.  motors,  four 
pumps  being  required  for  this  service. 

The  two  fire  pumps  are  also  of  the  centrifugal  type. 
They  are  capable  of  delivering  500  gallons  per  minute 
against  a  pressure  of  100  pounds.  Each  pump  is  driven 
by  a  75  hp,  1700  r.p.m.  motor,  and  provided  with  an 
automatic  bell  and  light  alarm  for  both  high  and  low 
water.  The  water  is  pumped  up  to  a  50  000  gallon  tank 
just  under  the  roof  and  distributed  from  there  to  the 
fire  plugs  by  gravity. 

.\IR    COMPRESSORS 

Two  large  air  compressors,  each  belted  to  a  25-35 
hp,  350-700  r.p.m.  motor,  furnish  air  at  about  30  pounds 
pressure  for  all  pneumatic  tubes,  the  bar,  barber  shop 
and   numerous   other   similar   applications   and    for   the 
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pneumatic  injectors  which  are  used  to  raise  the  sewage 
from  that  part  of  the  building  which  is  below  the  city 
sewers.  The  compressors  are  controlled  automatically 
so  that  an  even  pressure  is  maintained  at  all  times. 


ELEVATORS 


The  elevator  and  dumb  waiter  equipment  comprises 
eleven  elevators,  seven  dumb  waiters  and  one  stage  lift. 


Ml..   7 — ONF.  OF  THE  .^IR  COMPRESSORS 

The  hot  water  heaters  are  located  in  the  balcony  and  the 
hot  water  circulating  pumps  under  the  balcony,  as  shown  in  the 
background.  The  controllers  throughout  the  entire  installation 
are  mounted  immediately  adjacent  to  the  motors,  as  shown  above. 

The  six  passenger  elevators  and  two  service  elevators 
are  of  the  i  :  i  gearless  traction  type  and  are  driven  by 
39  hp,  58  r.p.m.,  240  volt,  direct-current  motors.  The 
controllers  have  full  magnet  regulation  throughout  and 
govern  the  speed  by  the  series-parallel  method.  They 
are  protected  with  all  safety  relays,  such  as  overload, 
low  voltage,  etc.  These  elevators  have  a  capacity  of 
2500  pounds  at  a  speed  of  550  to  600  feet  per  minute, 
and  will  lift  a  maximum  load  of  3CXX)  pounds. 

The  2  :  i  traction  freight  elevator  is  similar  to  the 
passenger  elevators  except  for  the  reduction   in   speed 
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and  increase  in  load  obtained  by  means  of  the  rope  gear- 
ings on  the  car  and  counterweight.  A  43  hp,  135  r.p.in. 
motor  is  used  to  operate  this  elevator,  which  has  a  duty 
of  3300  pounds  at  450  feet  per  minute,  and  will  lift  a 
maximum  load   of   4000  pounds.     There  are  also  two 


drum  freight  elevators  of  the  usual  worm-geared  type, 
which  are  driven  by  40  hp,  800  r.p.m.  motors  having  a 
duty  of  3300  pounds  at  350  feet  per  minute. 

Each  of  the  elevators  is  operated  by  means  of  a  mas- 
ter switch  in  the  car  and  all  apparatus  in  connection  with 
the  elevator  equipment  is  of  the  very  latest  and  most  ap- 
proved design.  Variations  in  speed  of  the  elevator  cars 
are  governed  by  means  of  relays  and  centrifugal  gov- 
ernors. The  contacts  on  the  governor  are  opened  in  case 
the  car  speed  should  become  excessive,  which  interrupts 
the  circuit  to  the  potential  switch  (circuit  breaker), 
thereby  automatically  bringing  the  car  to  rest.  The  gov- 
ernor has  a  further  function  of  applying  the  mechanical 
safeties  which  grip  the  guide  rails  in  case  of  further 
excessive  speed  of  the  elevator  car.  Automatic  and 
limit  stops  are  provided  at  the  top  and  bottom  of  the 
hatchway,  bringing  the  car  to  rest  independently  of  the 
operator. 

The  efficiency  of  all  the  equiptnent  furnished  is  the- 
highest  known  to  the  art.  compatible  with  long  life  and 
low  upkeep.  The  power  consumption  and  ojierating 
costs  are  thereby  kept   to   minimum   amount,      .'\dded 
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safety  features  are  procured  with  this  class  of  equip- 
ment by  the  use  of  six  hoisting  ropes  on  each  elevator 
car  and  the  installation  of  automatic  oil  buffers,  which, 
in  case  of  over-travel  from  any  cause  will  bring  the  car 
to  rest  from  full  speed  without  injury  to  the  passengers. 

A  unique  feature  is  the  stage  lift  in  the  ballroom. 
The  stage  is  supported  on  four  vertical  screws  geared 
to  an  electrically-driven  mechanism  and,  by  means 
of  automatic  push-button  control,  it  can  be  raised 
about  three  feet  above  the  floor  level.  The  stage  itself 
weighs  approximately  20  000  pounds  and,  in  addition  to 
this,  a  load  of  4000  pounds  can  be  lifted  three  feet  in 
one  minute,  a  very  unusual  duty  as  compared  with  ordi- 
nary elevator  requirements. 

The  electric  dumbwaiters,  upon  which  the  service  of 
the  hotel  so  largely  depends,  have  a  capacity  of  200 
pounds  at  300  feet  per  minute,  and  can  be  despatched  by 
automatic  push-button  control  to  any  floor,  thus  giving 
accurate  and  rapid  service.  Other  important  features, 
which  received  the  closest  attention  in  making  this  ele- 
vator and  dumbwaiter  installation,  were  the  procuring 
of  quietness  and  smoothness  of  operation  and  the  fire- 
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proofing  of  the  doors  and  all  other  woodwork  adjacent 
to  the  elevator  hatchways. 

VACUUM    CLEANING 

It  may  be  taken  almost  for  granted  that  a  modern 
hotel  will  have  a  complete  vacuum  cleaning  establish- 
ment. In  the  William  Penn  Hotel  outlets  are  provided 
in  every  room  or  suite  and  at  short  distances  in  the  cor- 
ridors, dining-rooms  and  other  large  rooms.  Ten  inches 
of  vacuum  are  maintained  throughout  this  vacuum  sys- 
tem In'  means  of  a  reciprocating  vacuum  pump  driven 
by  10  hp,  600  r.p.m.  motor. 

STEAM    REQUIREiMENTS 

Steam  is  required  in  a  hotel  for  general  heating  pur- 
poses, for  heating  water,  for  cooking,  etc. 

Heating — A  hotel  differs  from  almost  any  other  large 
building  in  that  the  building  itself  is  heated  for  24  hours 
per  day  for  seven  and  one-half  to  eight  months  during 
the  year.  In  the  William  Penn  Hotel  it  is  estimated  that 
48000000  pounds  of  steam  at  low  pressure  will  be  re- 
quired per  anniuii  fur  heatin;;"  purposes.     A  vacuum  of 
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FIG.    10 THK    HI.OWER    I  OK    XEN'IIl 

The    centrifugal    punip    tor    th 
belted  to  the  same   motor      The   washers  ar. 
of  the  blower. 

six  inches  is  maintained  on  the  return  by  duplicate  rotary 
pumps,  each  driven  by  a  7.5  hp,  850  r.p.m.  motor. 

Hot  JVatcr — Tremendous  quantities  of  hot  water  are 
used  in  any  hotel  for  toilet  purposes,  scrubbing,  cleaning, 
dishwashing,  etc.  In  the  William  Penn  Hotel  it  is  esti- 
mated that  15000000  pounds  of  live  steam  will  be  re- 
quired per  annum  for  this  purpose,  based  upon  the  fig- 
ures obtained  from  actital  operating  conditions  in  other 
large  hotels  and  from  the  actual  steam  consumption  of 
the  William  Penn  Hotel  during  the  first  two  months  of 
its  operation. 

Cooking — Live  steam  is  used  for  a  large  part  of  the 
cooking  at  a  pressure  of  approximately  60  pounds  per 
square  inch.  It  is  estimated  that  over  12  000  000  pounds 
of  live  steam  will  be  required  per  annum  for  this  pur- 
pose. 

Laundry — The  William  Penn  Hotel  is  unique  among 
large  hotels  in  that  it  does  not  have  a  laundry.  This  is 
because  it  is  owned  and  managed  jointly  with  the  Fort 


Pitt  Hotel,  which  has  a  completely  eipiipped  laundry 
building  which  is  operated  independently  from  the  hotel. 
Total  Sicain — The  above  figures  indicate  that  a  total 
of  approximately  75000000  pounds  of  steam  will  be 
rcnuirccl  by  the  hotel  ])cr  annum.     .-Ml  of  this  steam  is 


FIG.    II  —  MAIN    SWITCIllloAKIi 

IJirect-currcnt  power  board  at  left;  alternating-current  bghting 

hoard  at  right. 

purchased  from  the  Allegheny  County  .Steam  Heating 
Company. 

VENTILATION 

Blowers  driven  by  adjustable-speed  motors  provide 
exhaust  ventilation  for  the  kitchens,  dining-rooms,  lobby 
and  basement,  a  total  of  28  blowers,  fans  and  exhausters 
being  employed,  which  are  operated  by  direct-connected, 
2  :  I  ratio,  adjustable-speed,  shunt  motors,  varying  from 
5  to  50  horse-power  in  capacity.  Most  of  these  exhaust 
fans  are  located  on  the  top  floor  and  exhaust  to  the  open 
air  through  the  roof.  Each  blower  equipment  is  calcu- 
lated to  handle  the  usual  amount  of  ventilation  at  its 
normal  speed,  and  unusual  conditions  can  be  taken  care 
of  by  the  100  percent  increase  in  speed  adjustment 
which  is  possible.  In  addition  to  the  exhaust  fans, 
pressure  blowers  are  provided  to  force  fresh  air  into  the 
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ballroom  and  certain  other  parts  of  the  building.  The 
object  here  is  not  only  to  exhaust  the  vitiated  air,  as  is 
the  case  in  the  kitchens,  dining-rooms,  etc.,  but  also  to 
provide  a  plentiful  supply  of  freshly  tempered  and 
cleansed   air.      This   air   is   first   passed   through    spray 
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washers,  which  entirely  remove  all  dust  and  soot,  and  at 
the  same  time  considerably  cool  it  for  warm  weather 
use.  Steam  heating  coils  are  also  installed  in  the  air 
washers  to  warm  the  air  in  cold  weather. 

MISCELLANEOUS 

In  addition  to  the  main  motors  which  have  been  men- 
tioned, numerous  smaller  ones  are  in  use  throughout  the 
entire  building.  The  kitchens  especially  are  provided 
with  motor-driven  automatic  dishwashers,  potato 
peelers,  meat  and  vegetable  choppers,  meat  grinders, 
cream  separators,  tgg  beaters,  coffee  mills,  emery  wheels, 
buffing  wheels,  ice  cream  freezers,  etc.  A  stock  of  over 
ICO  portable  fans  is  kept  for  use  in  the  offices,  dining- 
rooms  and  guest  rooms  during  the  summer  months. 

One  of  the  interesting  features  of  this  hotel  consists 
in  the  many  supplementary  uses  of  electricity.  When  a 
guest  first  registers  this  fact  is  announced  to  the  various 
clerks,  to  all  the  dining-rooms,  to  the  telephone  informa- 
tion operator,  and  to   many  other  departments   simul- 


taneously by  means  of  an  elaborate  telautograph  system. 
The  time  of  arrival  of  telegrams  or  other  messages  is 
registered  by  electrically-operated  time  clocks.  An  elec- 
tric clock  in  each  guest  room  and  wall  clocks  at  frequent 
intervals  throughout  the  corridors,  lobby  and  other 
parts  of  the  building  are  all  controlled  from  two  master 
clocks. 

The  complete  intercommunicating  telephone  system 
is  of  itself  of  no  small  interest.  The  iioo  telephones  in 
the  building  are  connected  to  a  nine  position  private 
switchboard  having  75  trunk  lines  to  the  local  Grant 
exchange,  the  telephones  and  board  being  adequate  to 
serve  a  city  of  15  000  people. 

To  provide  current  for  all  these  miscellaneous  uses 
of  low-voltage  electricity,  duplicate  motor-generator  sets 
are  provided  which  generate  electricity  at  24  volts,  and 
there  is  in  addition  an  auxiliary  storage  battery  in  dupli- 
cate to  provide  against  the  remote  possibility  of  a  shut- 
down. 


Incandescent  Lamps  for  Moving  Pictures 

W.  T.   BlRDSALL 

Westinghouse  Lamp  Company 

THE  INCANDESCENT  lamp  has  for  some  time  practically  superseded  other  forms  of  ilhmiinants  for  low 
power  projection  work  requiring  concentrated  light  sources.  Recently  the  Mazda  C  lamp  has  been  applied 
to  moving  picture  work,  and  tests  have  shown  that  it  can  be  made  to  yield  even  better  results  than  the  direct- 
current  arc.  The  purpose  of  the  present  article  is  to  outline  the  technical  limitations  which  are  encountered 
ill  making  this  new  application. 


THERE  are  certain  differences  between  ordinary 
stereopticon  and  moving  picture  projection  work. 
In  Fig.  I  three  representative  rays  are  shown  di- 
verging from  a  point  in  the  arc  and  brought  to  a  focus  by 
the  condenser  /  at  or  within  the  projection  lens  j,  finally 
becoming  incident  on  the  screen  4  at  three  different 
points,  a,  b  and  c.  The  rays  from  any  other  point  in  the 
arc  will,  of  course,  behave  similarly.  The  light  passing 
through  the  point  d  of  the  slide  2  is  represented  by  three 
characteristic  rays  which  are  brought  to  a  focus  on  the 
screen  at  b  by  the  projection  lens  J.  The  characteristic 
features  of  this  arrangement  are  that  the  transmitted 
light  flux  passes  through  the  slide  at  low  density  on  ac- 
count of  its  great  area  (about  8  square  inches),  and  the 
point  of  maximum  density  (the  image  of  the  radiant) 
occurs  either  in  or  beyond  the  projection  lens. 

The  area  of  a  moving  picture  film  is  only  0.616 
square  inch,  and  if  the  resulting  picture  is  of  the  same 
size  and  brightness  as  the  stereopticon  picture  it  is  evi- 
dent that  the  same  amount  of  light  must  pass  through 
the  film.  This  means  that  the  film  must  be  illuminated 
so  as  to  be  thirteen  times  as  bright.  To  secure  the  enor- 
mous illumination  necessary  the  film  is  placed  at  the 
most  intense  part  of  the  beam,  which  .is  the  image  of  the 
radiant.  This  is  shown  in  Fig.  2,  where  an  image  of  a 
point  in  the  arc  is  formed  on  the  film  2  by  the  condenser 
/.  The  rays  passing  through  this  point  are  again  focused 
on  the  screen  4  by  the  projection  lens  J. 


In  the  stereopticon,  all  the  light  from  the  condenser 
strikes  the  slide.  If  the  radiant  is  fairly  concentrated 
its  image  is  smaller  than  the  projection  lens  and,  conse- 
quently, all  of  the  light  from  the  slide  enters  the  projec- 
tion lens.  Thus,  except  for  the  usual  losses  in  the  lenses 
and  slide,  all  of  the  light  finds  its  way  to  the  screen. 
Furthermore,  since  all  of  the  light  is  used,  the  bright- 
ness of  the  picture  is  a  function  of  the  total  lumens 
falling  on  the  cendenser  and  of  no  other  factor.  For 
this  reason  any  lamp  with  a  fairly  concentrated  filament 
will  be  satisfactory  in  stereopticon  work. 

In  the  moving  picture  machine,  the  brightness  of  the 
projected  picture  depends  on  the  brightness  of  the  image 
of  the  radiant  superposed  on  the  film.  This,  of  course, 
depends  in  general  on  the  intrinsic  brilliancy  or  candle- 
power  per  square  centimeter  of  the  light  source  instead 
of  the  total  candle-power.  The  intrinsic  brilliancy  of 
the  crater  of  the  carbon  arc  is  usually  figured  at  approxi- 
mately 15000  candle-power  per  square  centimeter  of 
area.  The  intrinsic  brilliancy  available  in  a  tungsten 
incandescent  lamp  is  about  2000  at  0.35  watt  per  nor- 
mal candle-power  and  only  about  3000  at  the  hitherto 
unheard-of  efficiency  of  0.30  watt  per  candle.  To  yield 
the  same  results  as  the  carbon  arc  this  five  to  seven- 
fold difference  must  be  canceled  by  some  means  of  in- 
creasing the  brightness  of  the  image  of  the  radiant. 

There  are  only  two  methods  of  solution  possible  and 
both  have  been  utilized.     The  first  and  most  important 
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of  these  consists  in  changing  the  magnification  of  the 
image  of  the  radiant.  If  light  from  a  source  one  square 
centimeter  in  area  falls  on  a  condenser,  and  thence  on 
an  image  ten  times  as  large,  the  light  flux  density  in  the 
image  is,  neglecting  losses,  only  one-tenth  as  great  as  at 
the  source.  It  is  evident  that,  by  changing  the  position 
of  the  condenser  a  smaller  image  can  be  formed  which 
will  be  brighter  in  inverse  proportion  to  its  area.  If  the 
image  is  of  constant  size,  just  large  enough  to  cover  the 
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film,  the  radiant  must  be  increased  in  area.  Conse- 
quently, a  radiant  of  low  intrinsic  brilliancy  but  large 
area  can  be  used  to  replace  one  of  higher  intrinsic  bril- 
liancy and  the  same  candle-power  by  changing  the  mag- 
nification of  the  image  by  the  condenser. 

The  difficulties,  due  to  the  low  intrinsic  brilliancy  of 
the  Mazda  lamp,  were  so  magnified  in  the  early  days  of 
the  development  that  it  is  important  to  show  why  they 
really  do  not  exist  in  this  application.  The  beam  of 
light  projected  on  the  film  differs  from  the  beam  ob- 
tained from  flood  lighting  or  searchlight  outfits,  in  that 
the  angle  between  the  edges  of  the  beam  may  be  fairly 
large.  If  the  light  passing  through  the  film  diverges  ten 
to  twelve  degrees  on  each  side  of  the  axis,  most  of  it 
will  fall  on  the  projection  lens  and  consequently  serve 
its  purpose,  while  so  wide  a  spread  would  be  useless  in 
a  searchlight  and  most  flood-lighting  work.  The  search- 
light problem  is  to  render  light  parallel,  and  to  do  this 
the  radiant  must  approximate  a  point  source  which  must 
have  high  intrinsic  brilliancy  to  produce  enough  light. 
The  moving  picture  problem  is  to  illuminate  the  film 
with  an  intensity  of  about  200000  foot-candles  with 
light  which  is  incident  throughout  a  comparatively  large 
solid  angle.  High  intrinsic  brilliancy  is  not  necessary 
to  accomplish  this. 

To  further  increase  the  light  on  the  films,  devices 
may  be  used  with  the  incandescent  lamp,  which  collect  a 
larger  percentage  of  the  total  luminous  radiation  than  is 
possible  with  arc  lamps.     Condensers  must  be  placed  so 
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far  from  the  arc,  to  avoid  cracking,  that  they  rarely 
cover  more  than  one  solid  angular  unit.  They  can  be 
placed  much  closer  to  the  Mazda  lamp  so  that  the  solid 
angle  subtended,  and  consequently  the  light  collected  is 
larger  by  20  to  30  percent.  Further,  an  arc  lamp  yields 
its  maximum  candle-power  in  one  direction,  while  the 
incandescent  radiates  equally  from  the  front  and  back  of 
the  filament. 


To  sum  up,  therefore,  the  low  intrinsic  brilliancy  of 
the  incandescent  lamp  is  compensated,  first,  by  enlarging 
the  radiant  and  reducing  the  size  of  its  image,  and,  sec- 
ond, by  collecting  more  of  the  total  radiation  than  is 
possible  with  an  arc  lamp.  The  first  method  allows  a 
thousand  candle-power  Mazda  lamp  to  replace  a  thou- 
sand candle-power  arc.  The  second  method  involves 
economy  and  increases  the  light  obtained  for  a  given 
nominal  candle-power. 

It  would  appear  superficially  that  the  arc  with  an 
efficiency  of  0.17  watt  per  maximum  caudle-power 
should  show  considerable  economy  of  power  over  the  in- 
candescent operating  at  about  0.32  watt  per  candle. 
Actually,  however,  the  difference  is  in  favor  of  the  in- 
candescent lamp.  The  light  which  is  useful  in  project- 
ing moving  pictures  is  solely  that  from  the  positive 
crater.  The  intrinsic  brilhancy  of  the  crater  is  uniform 
and  the  area  is  proportional  to  the  watts  expended.    The 
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light  from  the  crater,  therefore,  uniformly  requires  the 
same  watts  per  candle,  and  whereas  the  arc  as  a  whole 
may  require  from  0.165  to  0.241  watt  per  maximum 
candle-power,  the  arc  as  used  in  projection  work  uni- 
formly requires  0.243  watt  per  candle,  as  indicated  in 
Table  I.  Further,  as  has  been  pointed  out,  much  more 
light  per  nominal  candle  can  be  obtained  from  the  incan- 
descent lamp  than  from  the  arc  and,  on  the  basis  of  watts 
per  unit  of  light  delivered,  the  incandescent  lamp  is  re- 
duced to  about  0.200,  as  compared  to  0.243  for  the  arc. 
If  the  losses  between  the  mains  and  the  lamps  are 
included,  at  40  percent  for  the  arc  and  10  percent  for 
the  incandescent,  the  ratio  of  watts  per  candle  is  as 
0.405  to  0.222  in  favor  of  the  latter.  An  alternating- 
current  arc  delivering  the  same  light  will  require  from 
three  to  five  times  as  much  power  as  the  direct-current 
arc,  and  consequently  will  operate,  assuming  10  percent 
loss  in  the  leads,  at  a  specific  consumption  of  about 
1. 10,  as  compared  to  0.222  for  the  incandescent.  Tests 
indicate  that  while  a  good  average  direct-current  arc 
system  of  35  or  40  amperes  will  throw  about  0.345 
lumen  on  the  screen  per  watt  at  the  arc,  a  simple  in- 
candescent lamp  system  at  0.32  watt  per  candle  horizon- 
tal will  give  about  0.600  to  0.850  lumen  per  watt.  These 
figures  are,  of  course,  round  numbers  and  will  vary 
with  the  construction  of  the  lamp,  the  design  of  the 
condenser  and  the  care  with  which  the  apparatus  is 
set  up. 
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AUTOMOBILE  builders  and  manufacturers  of 
automobile  parts  are  playing  the  leading  role  in 
the  application  of  electricity  to  ovens  for  baking 
enamels  or  japans  on  metal  objects.  Central  stations,  on 
the  other  hand  are  increasing  their  power  output  to  a 
considerable  extent  by  supplying  such  users  of  elec- 
tricity. This  application  of  electric  power  is  an  ideal 
load  builder,  due  to  the   fact  thai   the  power-factor  is 
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approximately  unity  and  the  load  in  many  cases  is  prac- 
tically constant.  The  continuity  of  the  load  will  depend 
upon  the  kind  and  number  of  ovens  the  manufacturer 
has  in  service.  With  ovens  of  the  continuous  type,  in 
which  the  work  is  hung  on  a  moving  conveyor,  a  definite 
amovmt  of  power  will  be  required  for  the  entire  working 
day  with  only  slight  fluctuations  for  holding  the  temper- 
ature constant.  In  other  types  of  ovens  and  where  two 
or  more  are  used,  the  cycle  of  operations  may  be  ar- 
ranged so  that,  as  one  oven  is  cut  out  of  service,  the 
other  is  cut  in,  thus  maintaining  a  uniform  load. 

In  view  of  the  fact  that  the  proper  application  of 
electric  heat  involves  a  number  of  problems,  among 
which  are  the  type  of  oven,  kind  of  insulating  material 
to  be  used,  method  and  cycle  of  operations,  rate  prob- 
lems and  installation  of  heaters,  the  earnest  co-operation 
and  assistance  of  central  stations  is  especially  necessary 
in  determining  the  most  efficient  and  economic  way  of 
producing  the  desired  results. 


The  oven  used  for  enameling  and  japanning  consists 
of  a  metal-walled  box  or  room  having  heat-insulating 
material  in  the  walls  to  reduce  the  radiation  losses  to  a 
minimum.  Doors  usually  form  one  end  of  the  oven. 
Heat  may  be  supplied  from  any  fuel,  gas  being  that 
most  commonly  used  at  the  present  time.  Gas  is  usually 
burned  inside  the  oven,  acting  as  the  heating  agent,  the 
products  of  combustion  being  carried  away  through  the 
vent  pipes  in  the  oven.  Some  types  of  burners  consist 
of  a  horizontal  ])ii'e  on  each  side  of  the  oven  near  the 


FIG.   2 — E[.ECTRICAI.I.V-HE.\TED  OVEN    USED   FOR   H.\I<I.NC    E.NAME' 
ON   SMALL    MOTOR  PARTS 

The  electric  heating  units  are  mounted  near  the  floor  along 
both  sidewalls.  If  a  greater  degree  of  heat  is  required,  two  or 
more  tiers  of  heaters  can  be  mounted  along  the  walls.  The 
oven  shown  is  provided  with  tracks  on  which  trucks  for  carry- 
ing the  small  enameled  parts  can  be  run  in  side  by  side.  This 
arrangement  allows  the  removal  of  the  work  while  the  oven  is 
still  too  hot  for  a  workman  to  enter. 

floor  with  the  open  gas  flame,  while  others  are  more 
elaborately  constructed  with  housings  to  fully  enclose 
the  flame.  Ovens  equipped  with  electric  heaters  have 
the  units  arranged  around  the  wall  near  the  floor  or  on 
the  floor  itself.  These  electric  heaters  can  be  arranged 
and  the  number  planned  to  meet  the  requireinents  for 
each  particular  problem.  The  heater  itself  is  simply  an 
open  resistance  coil  having  as  much  radiating  surface  as 
possible,  and  consists  essentially  of  two  steel  end  plates 
supporting  top  and  bottom  rods  on  which  are  insulating 
bushings.  Over  the  bushings  is  wound  the  resistor 
ribbon  in  the  form  of  a  horizontal  helix.  The  ribbon  is 
one-half  inch  wide  and  is  very  thin,  so  that  for  a  given 
resistance  the  maximum  area  for  radiation  is  obtained. 
Suitable  terminal  blocks  serve  for  making  connections 
to  the  heaters. 
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With  gas  heat,  the  air  circulation  and  products  of 
combustion  cause  variations  in  the  quality  of  enamel 
and  a  certain  amount  of  extra  work  is  always  necessary 
for  refinishing.  The  radiant  electric  heat,  together  with 
the  absence  of  forced  air  circulation,  will  either  reduce 
this  to  a  minimum  or  eliminate  it  entirely.  When  gas  is 
burned,    the    products    of    combustion,    such    as    water 
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FIG.  4 


FIG.  3 — VIEW  OF  HEATER  MOUNTED  ON  ANGLE  IRON 
FIG.   4 — VIEW    OF    HEATER    MOUNTED   ON    PIPE   FRAME    WORK 

Showing  arrangement  of  bus-bars,   insulators   and   connectors. 

vapor,  sul])hur  compounds,  grease  and  carbon  dioxides, 
are  formed  and,  while  good  results  can  be  obtained  in 
these  ovens  when  the  combustion  is  perfect,  yet  it  is 
almost  impossible  to  regulate  absolutely  the  combustion 
of  a  material  which  varies  in  composition  as  much  as  the 
ordinary  type  of  gas.  Furthermore,  a  large  quantity  of 
air  must  be  supplied  to  the  gas  which,  unless  thoroughly 
filtered,  will  carry  with  it  considerable  dust,  which  is  the 
worst  enemy  of  the  enameler. 

With  the  electric  heaters  it  is  evident  that  an  abso- 
lutely clean,  dry  heat  is- obtained.     This  gives  a  more 
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perfect  coating,  which  is  baked  from  the  metal  out\ 


'ard 


and  not  from  the  surface  inward,  as  is  the  case  with  gas 
or  hot  air  heat.  On  account  of  the  even  distribution 
obtainable  by  proper  location  of  the  electric  heating 
units  there  need  be  no  spoiled  work  due  to  overbaking  at 
any  particular  spot.     It  has  been  found  that  the  time 


required  for  baking,  to  secure  best  quality  of  finish,  can 
be  reduced  from  25  to  50  percent,  depending  upon  the 
method  of  handling. 

Since  one  of  the  products  of  baking  is  an  inflamma- 
ble gas,  there  is  always  danger  of  fire  from  any  flame  in 
the  baking  chamber.  Furthermore,  even  with  good  con- 
struction, and  proper  handling,  there  is  danger  of  fire 
or  explosions  in  a  gas  oven.  Naturally,  this  can  be  en- 
tirely eliminated  in  an  electrically-heated  oven.  This  is 
an  important  advantage  and  one  which  will  be  univer- 
sally recognized,  as  it  means  not  only  increased  safety  to 
the  employees  and  a  reduction  in  the  amount  of  material 
spoiled,  but  may  be  the  cause  of  a  marked  reduction  in 
the  insurance  on  that  part  of  the  factory  containing  the 
enameling  ovens. 

For  control  and  regulation,  standard  switches  and 
switchboard  construction  may  be  used.  On  larger  sizes, 
magnetically-operated  switches  are  most  desirable,  as  the 
controlling  buttons  may  be  placed  most  conveniently  for 
the  operators  and  the  main  switches  installed  in  the  rear 
of  the  oven,  where  they  will  be  out  of  the  way  of  the 
workers.  The  number  of  steps,  or  amount  of  heat  regu- 
lation, depends  entirely  upon  local  conditions,  for  in 
some  cases  a  single  heat  may  suffice,  while  in  others  it 
may  be  desirable  to  have  several  steps  to  obtain  close 
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.Automobile  parts 

Stoves 

Metal  furniture 

T.vpewriters 

Metal  filing  cabin( 

Buggies 

Art  metal  goods 

Telephones 

Talking  machines 

Metal  conduit 

Metal  signs 

Knife  handles 


JAPANNED 
Marine  hardware 
Tobacco  cans 
Chemical  apparatus 
Field  gl.asses 
Electric  niotors 
Adding  machines 
Springs 

Christmas  toys 
Electric  fans 
Brass  beds 
Cash  registers 
Weighing  machines 


Metal  baskets 
Lapel  buttons 
Instruments 
Thermos  bottles 
Victrolas 
Ink  stands 
Door  knobs 
"Watches 
Metal  cages 
Tin  cans 
Telescopes 


control  of  the  temperature.  The  kind  and  quantity  of 
work,  together  with  quality  of  oven  construction,  deter- 
mine this  feature.  Door  switches  may  be  used  to  turn 
the  current  off  when  the  doors  are  open,  and  pilot  lights 
to  indicate  whether  circuits  are  opened  or  closed.  A 
thermostat  may  be  employed  to  limit  the  temperature,  or 
to  maintain  it  at  a  constant  value. 

In  summarizing  the  advantages  of  the  electric  oven 
over  the  gas-heated  ovens  there  are  several  points  which 
should  be  called  to  the  attention  of  prospective  users: — 
Improved  quality,  reduced  fire  hazard,  increased  pro- 
duction, better  temperature  regulation  or  control ;  and 
for  the  central  stations: — Opportunities  for  increased 
sales  of  power  at  steady  load,  excellent  power-factor 
and  equalizing  of  load  conditions. 

Active  co-operation  on  the  part  of  the  central  sta- 
tions is  necessary  for  the  successful  application  of  the 
electric  heaters  in  factories  manufacturing  enamel  or 
japanned  products.  In  order  to  accomplish  this  end  it  is 
usually  necessary  to  analyze  the  manufacturer's  produc- 
tion, redesign  his  whole  system  of  baking  and  install  new 
ovens,  or  re-arrange  the  old  ones  to  secure  the  best  and 
most  economical  results  with  electric  heat. 


Mechanically-Operated  Gyrator  Fans 


E.  E.  Garlits 


THE  increasing"  use  of  oscillating  fans  in  the  last 
few  years  can  be  traced  to  two  causes, — first,  the 
desirable  intermittent  breeze  produced,  which 
more  nearly  duplicates  a  natural  breeze  than  any  other 
type;  and  second,  the  perfection  of  a  durable  and 
efficient  mechanical  device  with  which  to  make  the  oscil- 
lator practical.  The  oscil- 
lator as  first  designed, 
Fig.  I,  was  air-operated, 
depending  entirely  upon 
its  own  air  delivery  for 
the  actuation  of  the  oscil- 
lating device,  which  usu- 
ally consisted  of  a  paddle 
or  vane  mounted  in  front 
of  the  blades,  and  ar- 
ranged to  swing  from 
side  to  side  at  each  re- 
versal of  the  motion.  This 
t\'pe  of  action  was  short 
lived,  principally  because 
an  outside  air  current  might  cause  the  oscillating  vane 
or  paddle  to  center  itself  before  the  blades,  thus  equal- 
izing the  reaction  of  the  delivered  air  on  the  paddle, 
with  the  result  that  oscillation  ceased  until  the  outside 
air  current  was  stopped  and  the  oscillating  device  ad- 
justed.   A  mechanical  drive  from  the  rotating  armature 


FIG.    I — OSCILL.'KTINO   DESK    FAN 

Witli  air-reaction  oscillating 
device. 


FIG.    2 — MKCHANICALLV-OPERATED    OSCILI..\TIXG    FAX 

was  the  logical  design,  as  this  form  of  drive  is  positive 
under  all  conditions  and  has  thus  entirely  superseded 
the  older  air-operated  device.  A  fan  with  this  actuating 
mechanism  mounted  on  the  rear  of  the  motor  body  is 
shown  in  Fig.  2. 

However,  there  are  a  number  of  applications,  such  as 
large  lobbies,  stores  and  hotels,  where  it  is  not  feasible 
to  use  oscillating  fans  in  either  desk  or  bracket  position, 
and  for  such  places  the  large-diameter,  slow-speed  pad- 
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die  blade  or  ceiling  fan  has  been  used,  as  shown  in  Fig. 
3.  However,  the  air  distribution  from  the  paddle  blade 
ceiling  fans,  whether  they  are  mounted  on  a  ceiling, 
counter  or  floor  column,  is  not  ideal,  because  the  air  is 
delivered  directly  downward  over  an  area  not  larger  in 
iliameter  than  one  and  one-half  times  that  of  the  fan. 
The  breeze  outside  of 
this  area  depends  on 
re-direction  by 
"splashing"  on  tables 
or  counters  or  the 
floor  within  the  deliv- 
ered area.  Although 
this  re-direction  cre- 
ates considerable  ven- 
tilation, it  is  unfor- 
tunately not  greatly 
appreciated,  since  it  is 
not  as  readily  percep- 
tible as  is  the  breeze 
from  a  bracket  fan.  If  one  should  come  directly  under 
a  paddle  blade  fan  the  breeze  would  be  readily  felt,  but 
in  a  short  time  the  steady  breeze  becomes  unpleasant 
and  one  generally  moves  away  from  it. 

For  such  applications  the  gj'rating  fan  is  ideal.    The 
gyrating  fan  consists  essentially  of  two  desk  or  bracket 


FIG.  3 — PADni.E-BI.ADE  OR  CEII.IN'G  FAN 


FIG.   4 — MECHANICALLY-DRIVEN    CEILING   TYPE  GYRATING   FAN 

fans  mounted  on  a  fixture  which  revolves  around  a  cen- 
tral axis.  These  fans  can  be  hung  from  the  ceiling,  or  if 
the  design  or  construction  of  the  ceiling  makes  this  form 
of  mounting  undesirable,  they  can  be  mounted  on  col- 
umns or  stands  placed  on  the  floor  or  on  a  counter. 
Gyrating  fans  arranged  for  these  mountings  are  shown 
in  Figs  4  and  5.  With  two  12  inch  fans  used  on  the 
gyrator,  the  delivery  zone  will  be  a  circle  22  feet  in  diam- 
eter.   .\ir  is  delivered,  of  course,  beyond  this,  but  at  11 
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feet  from  the  fan  the  breeze  can  be  felt  by  the  hand. 

The  strength  of  the  breeze  at  any  point  up  to  11  feet  can 
be  regulated  by  tilting  the 
fans  up  or  down  on  the  fix- 
ture. By  pointing  them 
straight  out,  the  breeze  will 
be  projected  just  over  a  per- 
son's head  and  will  venti- 
late a  large  area.  These 
adjustments  are  impossible 
with  the  paddle-blade  ceil- 
ing fan.  Then,  too,  the 
breeze  from  the  gyrator  is 
not  steady,  but  is  intermit- 
tent over  its  delivery  area, 
and  thus  operates  similarly 
to  the  oscillating  bracket 
fan.  In  a  large  enclosure, 
such  as  a  hotel  dining-room 
or  storeroom,  a  gyrating 
fan  placed  in  the  center  of 
the  room,  or  centrally  be- 
tween columns,  will  give 
better  satisfaction  than  the 
same  or  a  larger  number  of 
bracket  oscillating  fans 
placed  on  the  sides  of  each 
column,  as  shown  in  Fig.  6. 
The  development  of  the 
mechanically-  driven 
gyrator  has  paralleled  that 
of  the  mechanically-oscil- 
lated desk  and  bracket  fan. 
The  air-operated  gyrating 
fan  is  affected  by  exterior 

air  currents   in   a   manner   similar   to   the   air-operated 

oscillating    fan.      However,   with   the  gyrating    fan,   in 


— FLOOR  COLUMN   TVPE 
GYRATING  FAN 


tlOof- Gyratory  Fans •'f<y>. 


FIG.  6 — TYPICAL  LOCATIONS  OP  OSOLLATIHG  AND  GYRATING  FANS 

In  a  room  45  feet  square  with  four  columns. 

addition   to   having  the  gyration   stopped,  the   rate   of 
gyration  may  be  increased  by  the  exterior  air  currents. 


For  these  reasons  the  air-operated  gyrator  also  is  being 
superseded  by  the  mechanically-operated  gyrator. 

The  reaction  of  the  fan  blades  on  the  air-operated 
gyrator  forms  the  gyrating  drive,  and  as  this  reaction 
tends  to  drive  the  rotating  fixture  with  an  ever-increas- 
ing speed,  a  centrifugal  device  operating  on  a  friction 
brake  is  provided  to  hold  down  the  gyrating  speed  to 
normal  value.     This  device  is  important,  as  an  increase 
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FIG.   7 — PENF.TRATION   OF  BREEZE  FROM  A  GYRATING  FAN 

in  gyrating  speed  cuts  down  the  penetration  of  the  air 
stream  and  decreases  the  quantity  of  air  delivered,  as 
shown  in  Fig.  7.  The  best  operating  speed  of  the 
gyrator  is  between  six  and  eight  r.p.m.,  as  at  this  speed 
the  air  pufifs  from  the  two  revolving  fans  duplicate  that 
of  the  oscillating  desk  and  bracket  fans.  Unfortunately, 
centrifugal  devices  operate  very  poorly  at  such  low 
speeds,  and  for  this  reason  the  user  of  an  air-operated 
gyrator  tries  to  adjust  the  friction  of  the  brake,  on  which 
the  centrifugal  device  acts,  with  the  result  that  he  usu- 
ally succeeds  either  in  stopping  the  gyrating  motion  en- 
tirely, or  in  decreasing  the  friction  until  the  fans  over- 
speed.  Due  to  the  change  in  the  coefficient  of  friction 
with  increased  wear,  it  is  impossible  to  maintain  a  con- 
stant friction  in  the  friction  device,  and  no  permanent 


FIG.    S — DRIVING    MECHANISM    OF    MECHANICALLY-OPERATED 
GYRATING    FANS 

adjustment  is  therefore  possible.  These  fans  are,  there- 
fore, just  as  uncertain  in  operation  as  air-operated  oscil- 
lating bracket  fans,  and  the  development  of  the  mechan- 
ically-operated gyrating  fans  was  the  logical  result. 

In    the    mechanically-driven    gyrator,    the    drive    is 
effected  from  one  of  the  motors  through  a  worm  on  the 
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armature  shaft  which  operates  a  worm  gear.  A  small 
grooved  pulley  is  mounted  on  the  other  end  of  the  shaft 
carrying  the  worm  gear,  and  a  steel  spring  belt  connects 
this  pulley  with  a  large  stationary  pulley  on  the  gyrating 
fixture.  An  idler  pulley  is  provided  to  guide  the  belt 
onto  the  driving  pulley.  The  range  of  adjustment  of  the 
bodies  is  from  horizontal  to  30  degrees  below,  20  degrees 
being  recommended  as  the  best  for  average  conditions. 
The  action  of  the  spring  belt  with  the  fan  body  at  vari- 
ous angles  is  very  peculiar.  With  the  bodies  horizontal 
there  is  no  reactive  force  exerted  by  the  fan  blade  which 
tends  to  rotate  the  gyrating  fixture.  However,  the  speed 
of  gyration  is  slightly  lower  than  the  actual  ratio  be- 
tween the  two  pulleys.  This  peculiar  operation  is  ex- 
plained not  by  slipping,  but  by  the  stretching  of  the  belt. 
The  tight  or  "pull"  side  of  the  belt  is  stretched  as  it 
leaves  the  driven  pulley,  and  it  thus  travels  slightly 
faster  on  this  side  than  on  the  slack  side,  where  the  turns 
of  the  belt  are  close  together.  This  stretching  allows  a 
half  turn  lag,  and  the  rate  of  gyration  is  thus  only  6.5 
r.p.m.  with  the  bodies  in  this  position. 


With  the  fans  tilted  at  the  maximum  angle  the  reac- 
tion of  the  blades  tends  to  revolve  the  fixture  faster  than 
the  motor  speed  permits,  and  the  motor,  therefore,  does 
not  drive  the  fixture,  but  retards  the  gyrating  speed  to 
normal.  However,  the  stretching  of  the  spring  belt  is 
transferred  to  the  opposite  side  of  the  pulleys,  with  the 
result  that  the  heretofore  driven  pulley  creeps  ahead 
half  a  turn  and  the  gyrating  speed  is  7.5  r.p.m.  The 
tension  of  the  belt  is  such  that  it  will  slip  around  the 
driven  pulley  and  not  stop  the  motors  should  the  gyra- 
tion be  interfered  with. 

The  tilting  of  the  motor  i)odies  is  accomplished  by  a 
wing  nut  located  on  the  revolving  carrier.  This  wing 
nut  operates  two  bell  cranks,  which  move  a  pin  against 
the  lower  part  of  the  motor  gear  cases  just  below  the 
hinge  connecting  the  motors  to  the  carrier,  as  shown  in 
Fig.  8.  The  entire  revolving  fixture  is  carried  on  a  ball- 
bearing and  the  current  is  transmitted  through  slip  rings 
and  brushes.  Six-blade  fans  are  used  to  insure  the  maxi- 
mum degree  of  quietness,  consistent  with  the  volume  of 
air  moved. 


Electric  Ranges 


THE  development  of  the  electric  range  has  been  re- 
markably rapid  in  the  past  two  years.  The  types 
of  ranges  now  offered  to  the  public  are  many  and 
varied  and  should  meet  all  domestic  requirements  both 
as  to  price  and  utility.  The  central  stations  of  the  west 
have  been  particularly  active  in  developing  the  cooking 
load,  and  in  the  past  year  this  activity  has  spread  to  the 
middle  west  and  to  points  in  the  east,  where  the  cost  of 
gas  fuel  is  high.  However,  the  widespread  use  of  elec- 
trical energy  for  cooking  has  just  begun.    The  high  cost 

TABLE  I— SHOWING  WEIGHT  OF  ME.\T   S.-WED 
BY  ELECTRIC  COOKING 


Hopkins 

advocating   the   use   of   electricity    for  cooking   as   one 
method  of  reducing  the  high  cost  of  living. 

It  is  a  well-known  fact  that  electric  cooking  is  pro- 
ductive of  better  results,  as  the  appearance  and  quality 
of  food  is  superior  to  that  obtained  with  either  gas  or 
coal  fire  cooking.    Practically  all  users  of  electric  ovens 


Joint 

Weight 
liefore 
Cooking 

Weight 

when 

Cooked 

Type 

bf 
Oven 

Loss 

Per- 
cent 
Loss 

Lbs.   Oz. 

Lbs.   Oz. 

Lbs.   Oz. 

Ribs  of  beef .... 
Leg  of  mutton  . . 
Shoulder  of  mut- 

5  7 
8           8 

6  13 

8  4 

9  I 
9            I 

5         10 

3         12 

,s       13 

5  I 

6  0 

7  6 
7         10 

5           0 

Coal 
Coal 

Coal 
Gas 

Electric 
Electric 

Electric 

1  II 

2  II 

1  12 

2  4 
I          1 1 
I            7 

0          10 

21  0 
31   7 

25  7 
28  I 
18.6 
15  8 

II  .1 

Leg  of  mutton  .  . 
Ribs  of  beef.  .  .  . 
Leg  of  mutton  .  - 
Shoulder  of  mut- 
ton   

of  operation  is  a  disadvantage  in  many  places  and,  until 
the  central  stations  realize  the  necessity  and  advantage 
of  comparatively  low  cooking  rates,  the  number  of  elec- 
tric ranges  sold  will  not  compare  very  favorably  with  the 
total  number  of  ranges  using  gas,  coal  and  oil  fuels. 

The  advertising  campaigns  of  the  manufacturers, 
coupled  with  the  numerous  press  and  magazine  articles 
telling  of  the  advantages  and  economies  of  electric  cook- 
ing have  awakened  the  interest  of  thrifty  housewives  in 
all  parts  of  the  cottntry.     Domestic  science  teachers  are 


l-IG.    I — .^UTOM.^TIC    WESTINGHOUSE   ELECTRIC   RANGE 

With  white  porcelain  enamel  door  panels, 
state  that  a  saving  is  effected  in  weight  of  meats  cooked, 
varying  from  15  to  25  percent.  In  many  hotels  and  club 
grills  this  increase  in  quality  is  the  determining  feature, 
and  is  sufficient  to  swing  the  balance,  almost  regardless 
of  cost,  the  cost  of  heat  of  any  kind  being  only  a  small 
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percentage  of  the  total  cost  of  service.  The  tlata  given  in 
Table  I*  indicates  the  savings  in  this  line  which  may  be 
expected. 

The  success  of  the  electric  range  depends,  to  a  great 
extent,  on  its  elfiL-iency.     To  obtain  maximum  efficiency. 


A  study  of  the  designs  of  ranges  shown  in  Figs.  I  to 
5  embodying  the  features  mentioned  above  will  serve  to 
illustrate  the  careful  attention  to  details  necessary  in  the 


FIG.   2 — AUTOMATIC    WESTINGHOUSE   ELECTRIC    RANGE 

Showing  interior  of  oven, 
high-grade    materials    and    workmanship    must    be    em- 
bodied in  its  construction.      Simplicity  of   operation   is 
also  essential,  as  the  cooking  is  done  by  hired  help  in  a 
great  manv  cases.    Switches  should  therefore  be  marked 


FIG.   4 — ,\UT0MAT1C    Kl.l-X'THR'    RNM.l',    IiISASSEMBEED 

Showing  ease  with  which  all  parts  can  be  removed  for  tliorough 
cleaning;  also  accessibility  of  stove  top  connections. 

design  and  construction  of  the  modern  electric  range. 
The  heating  units  used  are  the  open-coil  radiant  type, 
which  have  ])roven  the  most  popular  with  thousands  of 


FIG.    3 — AKkWiEMENf    OF    WIRING    I^    RE  \R    OF    OVEXS 
Shownig  simplicity  and  ease  ot  inspection. 

so  that  they  can  be  readily  identified  with  the  heaters 
they  control. 


*From  the  report  of  the  range  committee  of  the  Northwest- 
ern Light  &  Power  Association  at  the  annual  convention  at 
Portland,  Ore.,  September,  1915. 


V 


FIG.  5 — COMBINATION    WESTINGHOUSE  GAS   ANU   EUECIKIC  R\NGE 

electric  range  users.  The  average  woman  feels  more  at 
home  with  this  form  of  heater,  as  she  can  see  the  coils 
glowing  the  moment  the  switch  is  turned  on,  just  as  she 
has  been  accustomed  to  seeing  the  coals  glowing  or  the 
gas  flaiue  burning.    The  coils  are  assembled  in  porcelain 
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bricks,  which  are  baked  at  high  temperatures  and  will 
withstand  the  contraction  and  expansion  due  to  rapid 
heating  and  cooling.  The  wiring  to  the  switches  on  the 
platform  heaters  is  underneath  the  heater  brick  and  is 
readily  accessible  if  repairs  are  needed.  The  oven 
heaters  are  encased  in  cast-iron  frames,  on  which  are 
mounted  suitable  terminals. 

The  fireless  cooker  heat  storage  principle  is  utilized 
to  advantage  in  the  oven  construction,  the  walls  being 
insulated  on  all  sides  by  two  inches  of  rock  wool 
asbestos,  thus  reducing  radiation  losses  to  the  minimum. 
As  all  joints  are  absolutely  steam  tight,  there  are  no  heat 
losses,  except  by  radiation.  The  rack  holders  are  de- 
signed to  lock  to  each  side  of  the  oven,  and  all  equipment 
can  be  removed  and  the  oven  cleaned  with  the  least 
expenditure  of  energy,  as  there  are  no  cracks  or  pro- 
jections to  accumulate  dirt  and  grease. 

Automatic  or  non-automatic  control  can  be  furnished 
as  desired.  Automatic  time  and  temperature  control  is 
obtained  by  means  of  the  circuit  breaker  and  clock  at- 
tachment, shown  in  Fig.  i,  and  the  thermostats  located 
in  the  oven  doors.  The  current  can  be  turned  on  either 
by  hand  or  automatically  by  the  clock,  and  turned  off 
by  means  of  the  thermostat  tripping  the  circuit  breaker 
when  the  desired  temperatures  have  been  reached. 

All  heaters  (oven  and  platform)  are  arranged  for 
three  heats,  and  are  controlled  by  separate  snap  switches. 
The  switches  are  designed  so  that  the  switch  position 
can  be  read  easily  and  at  a  distance.  The  polished  nickel 
cases  are  equipped  with  black  dials  on  which  the  switch 


position  is  marked  in  white  enameled  letters.  The  heater 
control  is  marked  in  black  letters  on  the  white  porcelain 
handles.  Polished  black  Russia  iron  is  used  in  the  out- 
side frame,  with  or  without  nickel  trimming,  as  desired. 

It  is  to  be  expected  that  progressive  housewives,  edu- 
cated to  the  use  of  up-to-date  labor-saving  devices,  will 
demand  combination  ranges  for  all  kinds  of  fuel,  so  thaf 
the  advantages  of  electric  ovens  can  be  obtained.  The 
development  of  the  combination  gas  and  electric  range 
is  a  step  in  this  direction.  Combination  ranges  for  the 
use  of  other  fuels  will  naturally  follow.  This  type  of 
range  is  also  especially  designed  to  meet  the  demand  of 
the  combination  gas  and  electric  companies  who  are 
anxious  to  develop  the  electric  cooking  load  but  who,  for 
various  reasons,  are  unable  to  reduce  their  electric  rates 
so  that  an  all-electric  range  could  be  used  economically. 

The  construction  and  equipment  of  the  combination 
gas  and  electric  range  is  the  same  as  the  electric  range, 
except  that  gas  hot  plates  are  furnished.  The  gas 
burners  are  of  standard  construction  and  are  the  same 
in  every  respect  as  the  burners  on  an  ordinary  gas  range. 
A  feature  of  the  gas  equipment  is  the  automatic  gas 
lighter.  A  hooded  pilot  light  is  located  in  the  center  of 
the  four  gas  burners,  controlled  by  means  of  a  button 
valve  on  the  front  of  the  range.  This  light  burns  con- 
stantly and,  by  pressing  down  the  valve,  a  flame  is 
thrown  over  the  hot  plates,  lighting  all  four  burners,  or 
any  individual  burner,  as  desired.  Automatic  or  non- 
automatic  control  of  the  electric  ovens  is  obtained  by  the 
same  method  as  previously  described. 


Power  Limiting  Reactances 

Reactance  is  often  inserted  in  circuits  of  a  large  electrical 
system  to  keep  down  the  current  which  will  flow  if  a  short- 
circuit  occurs.  In  many  machines  of  recent  design  the  react- 
ance is  inherent  in  the  machine,  but  some  older  machines  need 
external  protective  reactance  coils.  These  coils  are  not  wound 
with  an  iron  core,  but  on  some  non-magnetic  core,  in  spite  of 
the  fact  that  they  are  intended  as  reactance  coils.  The  reason  is 
that  the  permeability  of  iron  decreases  as  the  flux  increases  till 
at  saturation  it  is  no  better  than  air.  If  a  reactance  were  de- 
signed so  that  the  iron  would  not  be  saturated  during  short- 
circuits,  an  excessive  amount  of  iron  would  be  necessary ; 
moreover,  at  normal  currents  the  permeability  of  the  iron 
would  be  greater  than  at  short-circuit,  and  the  reactance  drop 
across  the  coil  would  be  greater  in  proportion  to  the  current. 
In  other  words,  the  drop  across  the  coil  is  least  in  proportion 
to  current  when  it  is  most  needed.  If  the  coil  were  designed 
with  less  iron  it  would  be  saturated  on  short-circuits  and  the 
iron  would  be  of  no  advantage.  Another  objection  to  iron  is 
that  flux  builds  up  sluggishly  in  it,  and  on  short-circuits  where 
the  current  wave  is  very  steep  the  current  would  get  to  a  maxi- 
mum while  the  flux  was  comparatively  small.  This  is  due  to 
the  fact  that  it  takes  a  certain  amount  of  energy  to  move  the 
iron  molecules  and  the  wave  form  of  the  exciting  current  for 
a  saturated  iron  core  is  very  peaked. 
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Reversal  of  Railway  Motors 

To  reverse  a  direct-current  motor  it  is  necessary  to  reverse 
the  relative  direction  of  current  in  the  field  and  armature.  This 
may  be  done  by  reversing  the  field  connections  or  the  armature 
connections.     Formerly  it  was  common  practice  to  reverse  the 

a  r  m  a  t  ure.    On 
c  o  m  m  u  t  ating- 

-EJJji.  I I  Y,^^\J  pole  railway  mo- 

I  ^—^       I  tors   it   is   desir- 

~  Reverse  4^        able   t  o    reverse 

Araunirr    R„„s.,  'hc    ficM.        Fig.     I 

illustrates  this 
point.  With  field 
reversal  the  com- 
m  u  t  ating  poles 
are  always  on 
the  ground  side 
of  the  armature. 
This  reduces  the 
stress  on  the  commutating-pole  coil  insulation,  since  with 
armature  reversal  the  coil  is  at  times  connected  to  the  trolley 
while  the  pole  on  which  the  coil  is  mounted  is  grounded, 
thus  giving  full-voltage  stress  on  the  commutating-pole  coil 
insulation.  n  g  ^ 
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FIG.    I — METHODS   OF  REVERS.\L 
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ADAPTOR  RESISTANCE 

^V  resistance  unit  with   an   Edison  base   screw   plug  at  one  end  and  an 

Edison  socket  at  the  other. 

A  convenient  means  of  interposing"  resistance  in  a  circuit. 

Used  to  decrease  the  speed  of  small  motors. 

Makes  it  possible  to  use  low  voltage  motors  on  higher  supply  voltages. 

Permits  universal  type  motors  to  be  used  on  AC  and  DC  receptacles  of 

supply  voltage. 

Supplied  in  any  capacity  and  resistance  desired. 

Price — 50  watt  size  $1.60  list  with  Liberal  Discounts. 


Ward  Leonard  Electric  Co. 

Mt.  Vernon,  N.  Y. 

Badt  Westburg  Electric  Co.,  Chicago,  111. 

John  B.  Sebring,  901  Park  Bldg., 

(Bell  phone.  Grant  46S7) 

Pittsburgh.  Pa. 


Preventive  Coils 

The  simplest  way  of  reducing  an  alternating  voltage  for 
starting  a  series  motor  is  by  using  low-voltage  transformer 
taps.  In  order  to  change  from  one  voltage  to  another  without 
interrupting  the  supply  of  power  to  the  motors  preventive  coils 
may  be  used.  The  preventive  coil  is  merely  an  autotrans  former 
with  a  tap  at  the  center.  On  the  first  step  switch  /,  Fig.  I,  is 
closed,  giving  the  motor  a  voltage  equal  to  200  minus  the  drop 
in  half  the  preventive  coil,  which  acts  like  a  choke  coil.  Switch  2 
is  then  closed.     This  puts  the  preventive  coil  across  the  main 
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FIG.    I — USE   OF   PREVENTIVE   COIL 

transformer  taps  so  that  the  voltage  of  its  middle  tap  will  be 
halfway  between  those  of  its  ends.  This  impresses  on  the 
motor  a  voltage  equal  to  200  +  (100  -^  2)  =  250.  As  the  cur- 
rent goes  in  opposite  directions  in  each  half  of  the  coil,  its  im- 
pedance is  very  small,  causing  very  little  potential  drop.  On  the 
next  step,  switch  /  is  opened,  and  later  switch  5  is  closed.  While 
/  is  open  and  before  3  closes  the  motor  is  fed  from  tap  2  and 
half  the  preventive  coil.  If  the  preventive  coil  were  omitted  it 
would  be  necessary  to  open  switch  /  before  2  closed,  or  else  a 
section  of  the  transformer  would  be  short-circuited.  If  the 
circuit  were  broken  to  avoid  short-circuit,  the  switches  would 


wear  fast  and  the  car  would  have  a  jerky  acceleration.  Switches 
/  and  3  must  be  interlocked  so  they  cannot  come  in  together,  or 
they  would  short-circuit  the  transformer.  The  same  applies  to 
''  and  4.  R.  H.  w. 


Automatic  Slip  Regulators 

In  cases  where  a  motor  is  to  be  applied  to  a  load  which  has 
heavy  peaks  of  short  duration,  a  flywheel  can  often  be  utilized 
to  advantage.  If  the  speed  is  allowed  to  decrease  during  the 
periods  of  peak  load  the  flywhee'  will  give  up  part  of  its  energy, 
so  that  the  load  demanded  of  the  motor  is  less.  During  the 
periods  of  light  load  the  motor  returns  energy  to  the  flywheel 
by  speeding  it  up.  An  induction  motor  can  be  applied  to  such 
service  if  it  has  a  drooping  speed-torque  characteristic,  i.  e.,  if 
its  speed  decreases  considerably  as  load  comes  on.  A  high- 
resistance  rotor  will  give  this  effect,  but  is  ineflScient  on 
account  of  rotor  resistance  loss.  This  can  be  obviated  in  large 
machines  by  the  use  of  an  automatic  slip  regulator.  This  is  a 
liquid  rheostat  inserted  in  the  secondary  circuit.  The  electrodes 
are  operated  by  a  motor,  which  is  in  turn  controlled  by  the  cur- 
rent in  the  main  circuit.  When  load  comes  on,  the  current  in- 
creases and  causes  the  au.xiliary  motor  to  increase  the  secondary 
resistance  by  moving  the  electrodes  or  changing  the  level  of  the 
electrolyte.  Putting  more  resistance  in  the  rotor  circuit  re- 
duces the  current  and  causes  the  motor  to  give  less  torque  or 
else  slow  down.  As  the  motor  slows  down  the  flywheel  gives 
up  its  energy  to  the  load  and  relieves  the  motor  from  furnishing 
the  whole  load  torqi.f.  When  the  peak  is  over  the  mote."  accel- 
erates the  flywheel,  t.ie  current  falls  and  the  secondary  resist- 
ance is  reduced,  thus  obviating  large  secondary  loss  during  the 
normal  load  period.  See  article  by  Messrs.  W.  Sykes  and  G.  E. 
Stoltz  in  the  Journ.\l  for  December,  1914. 
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3  others,  a  reason- 


Care  should  be  used  to  furnish  all  data  needijd  for  an  intelligent 


1298  —  Cleaning  Cooling  Coils  — We 
have  three  1000  kw,  oil-insulated, 
water-cooled  transformers.  About  a 
year  ago  we  started  to  cool  these  trans- 
formers by  means  of  a  centrifugal 
pump,  using  water  drawn  from  a  tank, 
after  flowing  over  a  cooling  tower. 
This  tower  is  situated  in  a  very  dirty 
place  and  has  considerable  smoke  and 
soot  from  a  railroad  yard  blown  upon 
it.  For  the  last  two  or  three  months 
these  transformers  have  required  an 
unusu::Uy  large  amount  of  water  and 
their  temperatures  have  been  higher 
than  normal.  This  leads  me  to  believe 
that  there  is  a  scale  on  the  inside  of 
the  cooling  coils.  What  do  you  advise 
doing  to  remove  this  scale?  These 
transformers  are  in  continuous  ser- 
vice and  I  must  have  something  that 
can  be  washed  out  with  the  cooling 
water.  G.  j.  L.  (new  vork ) 

Any  soot  or  cinders  would  be  so  light 
that  they  hardly  cause  trouble  or  become 
scale-forming  ingredients.  It  is  likely 
that  the  repeated  use  of  the  water  and 
consequent  evaporation  has  largely  in- 
creased the  amount  of  total  solids  and 
led  to  the  formation  of  scale  inside  the 
cooling  coils.  If  the  scale  is  chiefly  car- 
bonate of  lime  it  can  be  removed  by  the 
use  of  hydrochloric  acid,  a  ten  percent 
solution  being  a  convenient  strength.  If 
the  scale  is  composed  of  sulphate  of  lime 
(g>-psum)  it  may  be  difficult  or  impos- 
sible to  remove  it,  and  the  best  pre- 
cedure  is  to  soften  the  water  before  use 
and  thus  avoid  the  formation  of  a  scale. 
See  also  No.  1237.  J.  L.  J. 

1299  —  Reading    of     Oscillograms  — 

Where  can  I  get  information  as  to  the 
proper  understanding  of  oscillograms? 
I  have  been  much  interested  in  arti- 
cles   that    liave    appeared    at    various 


determine  the  instantaneous  values  of 
current  or  voltage.  These  currents  or 
voltages  may  have  certain  periodic  con- 
ditions which  recur  exactly  in  a  definite 
period  of  time  called  a  cycle ;  or  they 
mav  be  some  transient  conditions  of  an 


to  zero,  the  record  simply  shows  a 
straight  horizontal  line.  The  time  scale 
is  obtained  by  counting  the  recurring 
cycles  of  the  wave ;  this  being  a  60  cycle 
circuit,  every  sixth  wave  then  represents 
a  period  of  one-tenth  of  a  second.     Fig. 


KIG.   4 — OSCILLOGR.\PH    RECORD   OF   TEST  ON   CYCLE  OF   OPERATION   OF   CIRCUIT- 
BREAKER    MECHANISM 


electrical  circuit.  On  the  photographic 
record  of  these  waves,  the  instantaneous 
values  of  current  or  voltage  are  shown 
vertically  as  ordinates,  while  the  time  is 
recorded  horizontally,  usually  progress- 
ing in  the  direction  from  left  to  right. 
A  good  article  on  the  oscillograph  ap- 
pears in  the  Transactions  of  A.I.E.E., 
Vol.  24  (1905).  p.  201,  in  which  is  also 
given  an  extended  list  of  references  on 
this  subject.  Two  articles  on  the  appli- 
cations of  the  oscillograph  are  given  by 
Mr.  H  H.  Galleher  in  the  Journal,  Vol. 
V  (1908),  p.  401,  and  Vol.  IX  (1912), 
p.  430.  Referring  to  Fig.  i  of  the  latter 
article.  A,  B  and  C  are  three  separate 
periodic  conditions,  which  are  shown  as 
they  are  recorded  by  three  separate  gal- 
vanometer movements  of  the  oscillo- 
graph. The  maximum  positive  and  neg- 
ative values  of  the  alternating  voltage 
,-ire  eiven  on  this  record  by  the  vertical 


FIG.    I  —^  w 
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OPERATION    OF   THE  TWO   PRIMARY    CONTACTS   OF    A    POTENTIAL 
REGULATOR  RELAY  UNDER  TEST 


times  in  the  Journal  and  would  lik'- 
to  know  how  to  read  the  oscillogran  - 
correctly,  and  understand  them. 

G.  M.  T.  (new  Zealand) 

The  oscillograph  may  be  defined  as  a 

recording  galvanometer  which  is  used  to 


distance  between  the  tips  of  the  wave. 
Where  the  voltage  is  reduced,  as  at  A, 
this  vertical  distance  is  smaller,  because 
the  vibration  of  the  galvanometer  has 
been  reduced  on  account  of  the  decrease 
in  voltage.    When  the  voltage  is  reduced 


4  in  the  same  article  records  the  transi- 
ent conditions  which  occur  when  a  cir- 
cuit breaker  is  used  to  open  an  electrical 
circuit.  The  voltage  element  records 
the  voltage  at  its  maximum  value  until 
the  short-circuit  occurs,  when  this  value 
is  reduced  to  zero.  As  soon  as  the  cir- 
cuit breaker  opens,  the  element  again 
records  the  maximum  voltage.  In  this 
figure  there  is  a  break  in  the  records  of 
the  three  oscillograph  elements  about 
one-third  the  distance  from  the  left  of 
the  figure.  These  breaks  indicate  the 
position  where  the  shutter  of  the  photo- 
graphic apparatus  is  opened  and  closed. 
This  record  is  revolved  on  a  drum  while 
the  picture  is  being  taken,  and  it  is  not 
always  possible  to  open  the  shutter  when 
the  lap  of  the  film  is  just  opposite  the 
slot  in  the  oscillograph.  To  read  Fig.  4 
correctly,  the  time  scale  starts  about  one- 
third  the  distance  from  the  left  and  pro- 
gresses to  the  right  edge  of  the  figure; 
it  is  then  continued  at  the  left  of  the 
figure  to  the  place  where  the  records  are 
broken.  A  careful  reading  of  the  three 
articles  which  have  been  mentioned 
ought  to  give  a  proper  understanding  of 
the  records  and  uses  of  the  oscillograph, 
o.  w.  a.  o. 

1300 — Acceptance  Tests — We  are  in- 
stalling a  vertical  type,  water-wheel 
generator.  What  are  the  usual  ac- 
ceptance tests  and  what  would  be  the 
best  method  of  drying  out  the  ma- 
chine prior  to  putting  it  in  service? 

J.  S.  K.  (calif.) 

Acceptance  tests  made  after  installa- 
tion are  usually  confined  to  insulation 
and  temperature  tests.  Loss  tests  are 
difficult  to  make  and  are  apt  to  be  of 
little  value,  due  to  errors  in  testing.  The 
usual  method  of  drying  out  is  by  oper- 
ating the  generator  with  small  field  cur- 
rent and  with  armature  terminals  short- 
circuited.  The  external  temperature  dur- 
ing drying  out  depends  on  the  kind  of 
insulation  used,  and  this  question  should 
be  referred  to  the  manufacturer  of  the 
generator.  F.  D.  N. 


THE    ELECTRIC   JOURNAL 


321 


1301 — Field  Coils  on  Elevator  Motors 

— We  have  rewound  the  shunt  fields 
of  several  revolving  field  elevator  mo- 
tors. The  old  ones  are  wound  with 
No.  15  single  cotton-covered  wire  and 
painted  between  each  layer  with  in- 
sulating paint  and  then  baked.  There 
are  eight  coils  in  series  of  1500  turns 
per  coil,  weight  of  each  coil  between 
50-53  pounds.  These  coils  last  about 
two  years,  then  the  insulation  gives 
away  and  the  coils  short-circuit.  Would 
enameled  wire  be  better,  or  what 
would  be  best  to  use  in  this  case?  The 
space  is  very  limited.  These  coils  are 
operated  on  500  volts  and  the  current 
varies  from  3.5  to  6  amperes. 

p.  M.  (calif.) 

While  considering  a  substitute  for  sin- 
gle cotton-covered  wire  for  these  field 
coils,  the  cause  of  its  failure  should  first 
be  considered.  Since  the  field  coils  do 
not  fail  until  after  about  two  years,  the 
trouble  is  apparently  due  to  high  tem- 
perature on  the  inside.  If  the  coils  were 
thoroughly  impregnated  with  a  com- 
pound that  fills  by  the  vacuum  and  pres- 
sure method,  the  internal  heat  would  be 
more  readily  conducted  to  the  surface. 
Enameled  wire  has  a  higher  dielectric 
strength  than  single  cotton  covering,  and 
also  occupies  less  space,  as  well  as  re- 
sisting higher  temperatures  better.  It  is 
used  on  many  shunt  field  coils.  How- 
ever, some  kinds  of  enamel  used  on  en- 
ameled wire  are  affected  by  turpentine 
and  oil,  and  by  many  of  the  standard 
varnishes  and  paints,  by  being  partly 
dissolved  in  them.  j.  l.  r. 

1302  —  Voltage  to  Neutral  of  Un- 
grounded Lines — What  is  the  ratio 
of  the  voltage  between  line  and  line 
and  any  line  and  ground  on  any  three- 
phase  ungrounded  neutral  circuit? 
Also  is  this  affected  by  length  of  line, 
and  does  it  make  any  difference  if  the 
above  three-phase  circuit  is  run  direct 
from  an  alternating-current  generator 
or  from  the  secondary  of  a  bank  of 
transformers?  c.  T.  M.  (VT.) 

Assuming  that  the  term  ungrounded  is 
taken  literally  and  that  the  resistance, 
leakage  and  capacitance  to  ground  of  all 
insulators  are  the  same,  the  voltage 
from  line  to  ground  will  be  the  same  in 
an  ungrounded  system  as  it  is  in  a  sys- 
tem with  the  neutral  grounded,  i.  e.,  57.7 
percent  of  the  voltage  between  phases. 
This  is  not  affected  by  the  length  of  line 
nor  the  source  of  power.  In  practice, 
however,  the  assumption  above  is  never 
correct,  and  it  is  almost  always  found 
that  the  resistance,  leakage  and  capac- 
itance to  ground  of  some  insulators  are 
greater  than  others,  so  that  the  voltage 
to  ground  over  any  one  wire  of  a  three- 
phase  circuit  may  be  anything  between 
57  percent  of  the  voltage  between  phases 
and  the  full  voltage.  Under  these  con- 
ditions it  is  evident  that  the  longer  the 
line,  the  greater  the  chance  that  the 
leakage  and  capacitance  to  ground  will 
be  the  same  on  all  phases ;  hence  the 
voltage  between  any  phase  wire  and 
ground  is  more  likely  to  approach  57 
percent  of  a  phase  line  on  a  long  line 
than  on  a  shorter  one.  In  any  case,  a 
ground  of  relatively  high  resistance, 
such  that  the  leakage  current  would 
hardly  be  noticed  on  the  ammeters,  may, 
nevertheless,  effectively  ground  the  cir- 
cuit as  long  as  no  other  grounds  exist, 
so  that  on  an  ungrounded  line  there  is 
always  a  possibility  that  the  full  poten- 
tial of  the  line  may  exist  between  any 
wire  and  ground.  c.  R.  R. 


1303 — Mercury  Arc  Rectifier — Kindly 
advise  me  regarding  the  installation 
of  a  mercury  arc  rectifier  for  convert- 
ing single-phase,  60  cycle,  no  volt  cur- 
rent to  direct  current  at  no  volts  for 
the  purpose  of  driving  a  motor  which 
is  belted  to  a  reciprocating  water 
pump  that  causes  the  ammeter  to  fluc- 
tuate between  10  and  35  amperes.  Also 
another  motor  which  carries  40  am- 
peres steady.  Both  of  these  motors  are 
shunt  wound  and  never  operate  at  the 
same  time.  j.  MC  F  (conn) 

There  is  no  reason  why  a  mercury  arc 
rectifier  cannot  be  used  for  the  opera- 
tion of  shunt-wound,  direct-current  mo- 
tors if  the  capacity  of  the  motor  is  not 
such  as  to  require  more  current  than  the 
rated  capacity  of  the  rectifier.  Any 
motor,  such  as  a  series  motor  which  re- 
quires heavy  currents  at  times,  would  re- 
quire a  rectifier  installation  of  such  great 
capacity  as  to  make  it  an  impracticable 
application.  The  case  cited  in  this  ques- 
tion can  be  readily  taken  care  of  by  the 
present  commercial  sizes  of  rectifier 
outfits,  although  it  would  probably  be 
necessary  to  design  an  outfit  especially 
for  this  service.  Since  there  is  no  over- 
load capacity  for  the  rectifier  of  the 
present  commercial  type,  it  would  be 
necessary  to  have  the  starting  rheostat 
so  designed  as  to  limit  the  starting  cur- 
rent to  approximately  the  same  value  as 
the  running  current,  as  is  standard  prac- 
tice. A.  L.  A. 

1304 — Old  Carbon  Brushes  —  We  re- 
move a  large  number  of  worn  carbon 
brushes  each  year.  Is  there  some  good 
use  for  them,  other  than  cutting  down 
for  use  in  smaller  brushholders?  Is 
there  not  some  firm  who  would  pur- 
chase them,  pulverize,  and  remold  for 
use,  or  would  it  not  be  profitable? 

R.  L.  T.  (new  York) 

Scrap  carbon  has  little,  if  any,  value, 

excepting    as    you    suggest,    for    cutting 

down  into  smaller  brushes.     We  do  not 

know  of  any  firm  who  purchases  scrap 

carbon  brushes.     The  scrap  material   is 

usually  burned  up  in  furnaces  and,  in  a 

measure,  adds  to  the   fuel  value  of  the 

gas.     For  this  reason  it  seems  useless  to 

attempt  any  salvage  on   the  brushes   as 

scrap  material,  unless  you  can  cut  them 

down  to  smaller  sizes.  H.R.  E. 

1305 — Stray  Current  in  Rotating  Shafts 

— Please     advise     how     to     overcome 

stray    currents    in    shafts    of    rotating 

electrical    machinery    causing    bearing 

trouble,   if   it  is   impossible  to  correct 

the  same  by  insulating  the  pedestals. 

H.  M.  D.  (new  York) 
It   may   be   necessary   to    insulate   the 
dowel  pins  and  bolts  as  well  as  the  ped- 
estal casting,  but  this  will  stop  the  stray 
currents    completely.      Complete    insula- 
tion   of    one    bearing    is    enough    in    the 
case  of  a  two-bearing  machine,  and  of 
two    bearings    in    the    case    of    a    three- 
bearing  machine.     In  the  case  of  vertical 
or  other  bracket  type  machines  it  is,  of 
course,  the  bracket  which  must  be  insu- 
lated.     Usually    the    voltage    is    so    low 
that     the     amount     of     current    passing 
through   dowel   pins   and  bolts  is   insuf- 
ficient to  make  insulation  of  these  parts 
necessary.                                                  j.  L.  Y. 
1306  —  Transformer    Compensation  — 
What  is  meant  by  this  statement  found 
on     the     nameplate     of     some     trans- 
formers,  "Compensated   for 

Volt-Amperes?"  r.  b.  G.  (calif.) 

Due  to  losses  in  the  transformer  the 

ratio   of   primary   to    secondary  voltage 

in  a  voltage  transformer  and  primary  to 


secondary  current  in  a  current  trans- 
former is  not  the  same  as  the  ratio  of 
turns.  Furthermore,  this  ratio  depends 
to  a  certain  degree  upon  the  volt-ampere 
load  which  the  transformer  operates. 
This  error  in  ratio  is  compensated  for 
by  changing  the  ratio  of  turns  the  proper 
amount  for  the  specified  volt-ampere 
load.  w.  R.  w. 

1.307  —  Tractive  Effort  —  Knowing 
torque  at  one  foot  radius  and  weight, 
how  would  you  figure  tractive  effort 
on  the  level  and  on  grades  with 
wheels  of  different  size  at  different 
speeds?  How  would  you  figure  draw- 
bar pull  on  the  level  and  on  grades  as 
above?  What  is  the  relation  between 
tractive  effort  and  drawbar  pull? 
What  should  be  the  relation  between 
the  weight  of  the  locomotive  and  the 
drawbar  pull?  A.  G.  w.  (wise.) 

If  the  known  torque  is  that  available 
at  the  motor  shaft  and  the  weight  is 
that  of  the  trailing  load,^ 

Lbs.  drawbar  pull  =  (A  +  R)  X  T;  to  acceler- 
ate on  the  level. 

Lbs.  drawbar  pull  =  (.4  +  R  +  C)  X  T;  to  ac- 
celerate on  the  grade. 

Lbs.  drawbar  pull  =  (R  X  T):  to  run  on  the 
level. 

Lbs.  drawbar  pull  =  (R  +  C)  X  T;  to  run  on 
the  grade. 

Where  .4  =  pounds  force  per  ton  to  accelerate, 
depending  on  the  rate  of  acceleration  (generally 
given  in  miles  per  hour  per  second  and  which  re- 
quires a  force  of  approximately  lOO  pounds  per  ton 
to  accelerate  at  one  mile  per  hour  per  second.) 

R  =  resistance  pounds  per  ton  trailing  load. 

G  =  resistance  based  on  20  pounds  per  ton  for 
each  percent  grade. 

T  =  tons  weight  of  trailing  load. 

Pounds  tractive  effort  =  (A  +  R)  X  T  +  {A  + 
R^)   X  W;  to  accelerate  on  the  level. 

Pounds  tractive  effort  =(.4  +  R  +  G)  X  T  + 
(A   -j-  R-.+  G)   X  W;   to  accelerate  on  a  grade. 

Pounds  tractive  effort  =  RT  +  R,W:  to  run  on 
the  level. 

Pounds  tractive  effort  =  (R  +  C)  X  T  +  {R, 
+  G)    X  W:    to  run  on  the  grade. 

Where  R^  =  Resistance  in  pounds  per  ton  of  loco- 
motive and  W  =  tons  weight  of  locomotive. 

With  the  motor  torque  known  and 
motor  characteristics  known,  as  well  as 
the  service  cycle,  and  right-of-way  con- 
ditions (track  special  work  overhead, 
etc.),  it  is  necessary  to  determine  for 
each  of  the  above  tractive  effort  condi- 
tions the  gear  ratio  that  should  be  se- 
lected for  a  given  wheel  diameter. 
Gear  ratio  = 

Tractive  effort   X  wheel  diameter  in  inches 

Gear  Efficiency  X2  X12  Xmotor  torque  in  lbs.  ft. 

Gear  efficiency  depends  on  type  of 
gear,  tooth  form,  cut  or  cast  teeth, 
double  or  single  reduction.  In  railway 
service  high-grade  gears  are  used  of 
involute  form,  with  cut  teeth,  and  with 
a  single  reduction,  with  efficiencies  of  95 
to  97.5  percent ;  generally  assumed  at 
96.5  to  97  percent. 

From  the  r.p.m.  curve  of  the  known 
motor  the  motor  r.p.m.  corresponding  to 
the  known  torque  is  found  and  the  fol- 
lowing equation  determines  the  speeds 
in  miles  per  hour ; — 
Miles  per  hour  of  locomotive  = 

motor  r.p.m-  X  wheel  diameter  in  inches 
gear  ratio  X  J3t> 

The  tractive  effort  equals  drawbar 
pull  plus  the  locomotive  resistance,  and 
the  drawbar  pull  equals  trailing  load  re- 
sistance. The  relation  between  the 
weight  of  the  locomotive  and  the  draw- 
bar pull  is  dependent  on  the  track  condi- 
tions (possibilities  of  slippery  rail, 
weight  of  rail,  sanded  rail,  climatic  con- 
ditions, ballast  in  track),  the  material  in 
the  wheel  tread,  the  adhesion  between 
the  wheel  and  the  rail  (coefficient  of 
friction),  the  grades,  the  rate  of  accel- 
erating the  train,  the  height  of  the  draw- 
bar and  the  wheel  base  of  the  locomo- 
tive. G.  H.F.  H. 
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1308 — Polarity  Test— (a)  Which  elec- 
trode gives  off  bubbles  in  a  solution  of 
salt  and  water  when  direct  current  is 
applied?       Why?       Which     electrode 
grows  smaller?     (b)   ff  two  wires  of 
a  direct-current  circuit  are  bridged  by 
a  potato  will  the  positive  lead  cause  a 
greenish  tinge  at  the  point  of  contact? 
R.  B.  G.  (calif.) 
(a)   When  water  is  disassociated  into 
its   elements   by  an   electric   current   the 
hydrogen  (which  in  such  cases  is  consid- 
ered  the   metallic   radical)    goes   in   the 
direction   of  the  current,   namely,   from 
positive  to  negative,  and  the  oxygen  goes 
in   the  opposite   direction.     This   means 
that  hydrogen  bubbles  are  given  off  at 
the  negative  electrode.     Bubbles  are  not 
given  off  at  the  positive  electrode,   be- 
cause  the    nascent   oxygen    immediately 
unites  with  the  material  of  the  electrode. 
Therefore,  the  positive  electrode  grows 
smaller  very  gradually.   If  the  electrodes 
are    platinum    or    some    other    material 
which    is   not   attacked   by   the    oxygen, 
bubbles  will  be  given  off   at   both   elec- 
trodes,     (b)    Yes,  on  the  peeled   potato 
the   copper    positive    will    show    a   blue- 
green,  c.  R.  R.  and  L.  w.  c. 

1309 — Telephone   Generator — Is   there 
made  or  could  there  be  made  a  direct- 
current  generator  that  would  not  cause 
a  telephone  receiver  to  buzz  when  con- 
nected across  its  terminals  ?     In  other 
words,    could    you    use    it   on    a   tele- 
phone system  without  the  use  of  bat- 
teries? L.  A.  K.  (c.\LiF.) 
There   is   no   direct-current   generator 
manufactured   which   would   be   entirely 
noiseless  when  used   for  supplying  cur- 
rent directly  to  a  telephone  circuit  un- 
less the  current  was   passed   through   a 
large  impedance  coil  and  shunted  by  a 
heavy  condenser.     The   storage   battery 
serves     two     purposes     when     bridged 
across  the  generator  leads.     The  inter- 
nal  resistance  of  the  battery  is   so  low 
that    it    keeps    generator    noises     from 
passing  over  to  the  telephone  circuit,  and 
also  keeps  the  current  supply  constant, 
without  the  necessity  of  having  to  run  a 
generator  continuously.     The  generators 
built  for  telephone  work  are  wound  so 
that  the  field  coils  act  as  an  impedance 
coil  to  eliminate  some  of  the  noise  that 
is  generated  by  the  brushes  passing  over 
the  commutator.     Even  with  these  pre- 
cautions   the    machines    are    sometimes 
noisy  if  the  brushes  are  not  kept  prac- 
tically sparkless.  R.  i,.  s. 

1310 — Switching  of  Synchronous  Ap- 
paratus— Broadly  speaking,  what  is 
the  maximum  length  of  time  that  may 
be  allowed  an  automatic  oil  switch  to 
clear  a  defective  line,  without  causing 
synchronous  apparatus  operated  from 
same  bus  to  drop  out  of  step? 

R.  B.  G.  (calif.) 

This  will  be  only  a  few  cycles — about 
S  to  ID  on  25  cycles  and  the  same  length 
of  time  on  other  frequencies.  It  de- 
pends on  the  load  e-xisting  and  on  the 
design  proportions  of  the  apparatus. 
Apparatus  with  heavy  dampers  will  hold 
in  longer  than  apparatus  with  less  ef- 
fective   damping.  F.  D.  N. 

13H — Current  Limiting  Reactance — 
On  a  15000  volt,  three-phase,  delta 
connected  system,  which  is  sometimes 
grounded  through  a  star-connection, 
what  will  be  the  capacity  of  a  react- 
ance to  limit  the  current  on  a  three- 
phase,  000  circuit  to  800  amperes  per 
wire,    voltage    on   bus-bars    remaining 


unaffected,  in  case  of  a  short-circuit 
just  outside  of  the  generating  station? 
What  is  this  capacity  known  as?  Give 
approximate  outline  dimensions  of 
feeder  reactances  for  this  job.  Please 
give  an  example  of  an  order  for  a  line 
reactance,  using  the  figures  above. 

C.  E.  H.  (CALIF.) 

The  capacity  or  rating  of  feeder  re- 
actors is  fixed  by  the  current  that  flows 
through  them  when  the  system  is  carry- 
ing normal  load.  The  rating  is  the  prod- 
uct of  the  normal  current  and  the  volt- 
age across  the  terminals  of  the  coil 
when  carrying  this  current.  Assuming 
that  the  normal  current  for  the  system 
under  consideration  is  150  amperes,  then 
the  voltage  across  the  reactor  at  normal 

iStxt)  X   150 
load  would  be  v  800 —  ~  ^^^°  ^""^ 

the  rating  would  be  1630  X  150  = 
244  000  volt-amperes  =  244  k.v.a.  This 
capacity  is  the  normal  rating  of  the 
reactors.  In  order  to  arrive  at  the  di- 
mensions of  reactors  it  is  necessary  to 
know  the  frequency  of  the  system  as 
well  as  the  current  and  voltage  rating. 
Assuming  that  the  above  system  is  oper- 
ating at  60  cycles,  the  approximate  over- 
all dimensions  of  these  coils  would  be : — 
Overall  height,  55  inches ;  diameter,  36 
inches.  The  characteristics  of  reactors 
based  on  the  above  assumptions  are  defi- 
nitely specified  as  follows  : — Three  sin- 
gle-phase, 150  ampere,  1630  volt,  current 
limiting  reactors  to  operate  in  a  60  cycle, 
three-phase,  15  000  volt  circuit.        j.  F.  P. 

1312  —  Size    of    Locomotive  —  How 

would  j'ou  calculate  the  size  of  a  loco- 
motive to  bring  a  three-car  (industrial 
railway)    train    (total   60   tons    roller 
bearings)    up  to   12  miles  per  hour- 
acceleration  say  one  mile  per  hour  per 
second: — (a)    on   a   level;    (b)    on   a 
two  percent  grade?        A. G.  w.  (wise.) 
To    determine    the    size    (weight)    of 
locomotive  it  is  necessary  to  know  in  ad- 
dition  to   the   conditions   already  given 
the   resistance  of  the  cars  and  locomo- 
tive.    The  resistance  is  usually  given  in 
pounds  per  ton,  and  when  it  cannot  be 
definitely    determined    is    sometimes    as- 
sumed at  from  20  to  30  pounds  per  ton 
for  cars  in  industrial  service,  and  10  to 
20   pounds   per   ton   for   the   locomotive. 
With  roller  bearings  on  the  cars,  the  re- 
sistance   per    ton,    if    the    bearings    are 
properly  maintained  and  lubricated,  may 
not  run  as  high  as  indicated  above.   The 
empty    cars    will    be    found    to    have    a 
higher  resistance  per  ton  than  the  loaded 
cars    (See  Vol.  IX,  May,  1912,  p.  416). 

then  ((•   "  p . for  weight 

of  locomotive  in  tons  to  operate  on  the 
level,  where  R  is  the  resistance  of  the 
car  in  pounds  per  ton ;  T  and  W  are  the 
weight  in  tons  of  the  trailing  load  and 
locomotive,  respectively;  F  is  an  adhe- 
sion factor  depending  on  the  coefficient 
of  friction  (generally  assumed  at  30  to 
ii-3  percent  with  sand  for  cast-iron  and 
steel-tired  wheels,  respectively,  for  max- 
imum adhesion),  and  F  equals  for  33.3 
percent  adhesion  666.6,  for  30  percent 
adhesion  600,  for  25  percent  adhesion 
500,  and  for  20  percent  adhesion  400, 
etc. ;  and  A  equals  pounds  per  ton  force 
required  to  overcome  resistance  due  to 
rate  of  acceleration.  When  given  in 
miles  per  hour  per  second  it  is  assumed 
at  100  pounds  per  ton  for  one  mile  per 
hour  per  second.  (The  correct  value 
being  gi.3  pounds  per  ton  force  required 


to  accelerate  one  ton  one  mile  per  hour 
per  second).  For  operating  on  a  grade, 
,,.      ^R+A  +  G)  XT  _  .^     ^ 

yy  —        p ^  Q  for  weight  of 

locomotive  in  tons,  where  G  equals  grade 
resistance  based  on  20  pounds  per  ton 
for  each  percent  grade.  Height  of  draw- 
bar and  wheel  base  also  influence  the 
weight  of  the  locomotive  (See  Vol.  VIII, 
March,  191 1,  p.  257).  To  determine  ca- 
pacity of  motor,  complete  cycle  of  ser- 
vice and  repetitions  of  same  must  be 
known  (See  Vol.  VIII,  Nov.,  1911,  p. 
986).  c.  H.  F.  H. 

1313 — Power-Factor  Correction  —  We 

have  a  450  horse-power  synchronous 
motor  direct  connected  to  an  air  com- 
pressor and  are  29  miles  from  power 
plant.  We  correct  the  power-factor 
of  the  line  from  0.92  to  unity.  Can 
you  give  a  formula  to  calculate  the 
watts  for  which  we  are  paying  to  cor- 
rect this  power-factor?  Our  total 
consumption  for  24  hours  is  22  000 
kw-hrs.  c.  E.  H.  (nEV.) 

We  cannot  give  any  general  formula 
to  cover  the  case.  The  extra  loss  in  the 
motor  when  correcting  power-factor  is 
due  principally  to  more  TR  loss  in  the 
field  and  in  the  armature.  This  loss 
varies  with  the  amount  of  idle  current 
carried,  but  depends  as  well  on  the  char- 
acteristics of  the  motor.  To  gain  some 
idea  of  the  value  of  the  increased  loss 
we  suggest  the  following: — Under  aver- 
age conditions  of  load  and  power-factor 
note  the  motor  field  current  required  to 
bring  the  line  power-factor  to  unity,  and 
read  the  motor  armature  current  A 
under  this  condition.  Then  adjust  the 
motor  field  for  minimum  current  input 
B  to  the  motor  armature.  The  differ- 
ence I)etween  the  two  values  of  field  cur- 
rent thus  obtained,  times  the  excitation 
voltage,  will  give  an  approximate  value 
for  the  increased  field  loss.  Increase 
this  value  by  the  ratio  A'  -^  B'  to  ac- 
count roughly  for  the  added  armature 
loss.  Multiply  this  total  by  the  number 
of  hours  per  month  the  motor  is  used 
for  power-factor  correction,  in  order  to 
obtain  the  added  energy  consumption  in 
watt-liours  per  month.  F.  L.  M. 

1314  —  Water   Wheel    Horse-Power — 

What   is   the   formula  for  finding  the 
horse-power    of     a    given    tangential 
water  wheel  as  the  water  pressure  is 
decreased  or  increased?    R.  B.G.  (calif.) 
In  order  to  determine  the  amount  of 
power   available   from   a  given  quantity 
of   water  under  a  given  head,  multiply 
the  number  of  cubic  feet  of  water  per 
minute  by  the  number  of  feet  of  head, 
and  this  by  62.3,  which  equals  the  weight 
of  one  cubic  foot  of  water.     Divide  the 
result  by  33  000,  which  equals  the  num- 
ber of   foot-pounds  in  one  horse-power, 
and   the  result  is  the  theoretical  horse- 
power in  the  water.   This  should  be  mul- 
tiplied  by   the   percentage   of   efficiency, 
which  you  can  take  as  a  rule  as  80,  which 
will  give   the  horse-power  available  on 
the  water  wheel  shaft.  j.  v.  K. 


ERRATA 

The  titles  to  Figs.  2  and  3,  p.  259,  this 
issue,  should  read  "30000  kilowatt,"  and 
to  Fig.  4,  p.  260,  should  read  "40  000  kilo- 
watts." 

In  the  May,  1916,  issue,  p.  200,  the 
tenth  line  under  Fig.  i,  "The  ventilating 
fan  and  rear  wiper  ring  *  *  *"  should 
read  "front  wiper  ring    *    *    *." 
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PREFERRED  STOCK 
INVESTMENTS 

Substantially  all  the  preceding  articles 
have  been  devoted  to  discussions  of  in- 
vestments in  bonds.  We  will  now  take 
up  the  question  of  investments  in  pre- 
ferred stock  issues.  As  already  stated, 
the  investor  must  always  bear  in  mind 
the  basic  difference  between  purchases 
of  bonds  and  of  stocks.  In  buying  the 
bond  of  a  company  you  become  a  cred- 
itor of  the  company  and  have  the  right, 
in  case  the  stipulated  interest  is  not  paid 
on  the  specified  dates  or  in  case  at  ma- 
turity the  principal  of  the  debt  remains 
imsatisfied,  to  take  steps  to  enforce  the 
lien  upon  the  property  covered  by  the 
mortgage  under  which  the  bond  was  is- 
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sued.  The  holder  of  a  bond  stands,  or 
should  stand,  in  the  same  relation  to  the 
corporation  issuing  the  bond  as  does 
the  holder  of  a  mortgage  given  by  a  pri- 
vate individual  on  his  real  or  personal 
property. 

On  the  other  hand,  the  purchaser  of 
stock  does  not  become  a  creditor  of  the 
corporation  the  stock  of  which  he  holds, 
but  in  effect  becomes  a  partner  with  a 
limited  liability  and  must  take  all  the 
risks  of  business  usually  incident  to  a 
partnership.  His  stock  certificate  rep- 
resents the  ownership  of  a  certain  pro- 
portion of  the  equities  of  the  corpora- 
tion and,  in  case  of  dissolution,  he  would 
receive,  after  all  debts  had  been  paid, 
his  proportion  of  the  assets  remaining 
after  such  dissolution.  In  almost  all 
cases  preferred  stocks  in  the  winding  up 
of  a  corporation  are  entitled  to  receive 
up  to  their  par  value  in  the  distribution 
of  assets,  and  the  common  stock  receives 
the  balance,  if  any.  remaining  after  the 
claim  of  the  preferred  stock  has  been 
satisfied. 

As  many  companies  find  it  impractica- 
ble to  issue  bonds  for  the  full  amount 
of  new  capital  required,  such  companies 
obtain  the  balance  of  the  required  funds 
by  the  sale  of  common  or  preferred 
stocks,  or  of  both.  It  may  be  that  the 
business  is  such  that  it  will  not  readily 
lend  itself  to  a  bond  issue,  and  in  this 
case  an  issue  of  preferred  stock  is  made. 
One  of  the  reasons  for  a  growing  par- 
tiality of  many  companies  for  the  issue 
of  preferred  stock  instead  of  bonds  is 
that  the  dividend  charges  on  the  pre- 
ferred stock  are  not  a  fixed  capital 
charge  on  the  revenues  of  the  corpora- 
tion. In  the  case  of  interest  on  bonds, 
payment  must  be  made  or  the  company 
goes  into  foreclosure,  while  in  the  case 
of  dividends  on  the  preferred  stock,  if 
they  are  not  earned  they  are  not  paid 
and  the  holder  of  the  stock  must  wait 
until  such  time  as  revenues  of  the  com- 
pany will  produce  the  funds  to  pay  his 
dividends. 

Preferred  stock  is  largely  used  in  the 
financing  of  industrial  and  public  utility 
companies,  but  not  to  any  extent  in  the 
case  of  the  steam  railroad  companies. 
■  While  there  are  a  number  of  issues  of 
preferred  stocks  of  railroad  companies 
outstanding,  almost  all  of  these  were  is- 
sued by  reason  of  reorganizations  and 
represent  stock  exchanged  for  bonds  the 
interest  on  which  could  not  be  earned. 
Several  of  these  railroad  preferred 
stocks  sell  now  at  high  prices  and  are 
classed  among  high-grade  investment 
securities.  There  are  a  large  number  of 
preferred  stocks  of  industrial  corpora- 
tions, notably  that  of  United  States  Steel 
Corporation,  and  these  also  are,  in  many 
instances,  rated  as  high-grade  invest- 
ments. 

Substantially  all  the  leading  public 
utility  companies  have  issues  of  pre- 
ferred stocks.  These  are  steadily  grow- 
ing in  favor  with  investors,  as  the  com- 
panies are  more  and  more  demon- 
strating their  ability  to  maintain  a  high 
average  margin  of  safety  over  the  divi- 
dends on  these  issues.  Usually  utility 
preferred  stocks  are  cumulative  as  to 
dividends,  which  means  that  all  unpaid 
dividends  accumulate  on  the  stock  and 
must    be    satisfied    before    the    common 


stock  can  receive  any  dividends.  Just  as 
unpaid  interest  accumulates  to  the  dis- 
advantage of  junior  securities,  so  un- 
paid cumulative  preferred  dividends  pile 
up  to  the  disadvantage  of  the  common 
stockholder,  as  the  holder  of  the  pre- 
ferred stock  can  assert  his  prior  claim  to 
profits  up  to  the  amount  represented  by 
the  unpaid  dividends  due  on  his  stock. 
If  the  profits  of  a  company  are  only 
large  enough  to  pay  the  dividends  on  the 
preferred  stock,  the  common  stockholder 
does  not  get  any  dividends.  Unless  this 
cumulative  feature  is  in  the  preferred 
stock,  there  is  in  reality  but  little  dif- 
ference between  the  preferred  and  the 
common  stocks,  and  it  may  be  that  it 
will  place  the  junior  issue  on  an  equal 
plane  with  the  senior.    The  management 
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of  the  company  might  decide  that  all  the 
profits  should  go  back  into  the  business 
until  such  time  as  the  revenues  were 
sufficient  to  pay  dividends  on  both 
classes  of  stocks,  in  which  event  the 
holder  of  the  preferred  would  be  but 
little  better  off  than  the  holder  of  the 
common. 

In  addition,  the  cumulative  feature 
makes  it  certain  that  the  dividends  on 
the  preferred  will  be  paid,  if  possible. 
If  not  paid  they  accumulate  rapidly,  and 
within  a  few  years  would  reach  such 
proportions  that  their  amount  probably 
would  preclude  ever  paying  dividends  on 
the  common  stock.  It  is  for  this  reason 
that  many  companies  have  strained  their 
resources  in  order  to  maintain  dividends 
on  their  preferred  stocks  so  that  the 
common  stocks  would  not  be  buried 
under  an  accumulation  of  unpaid  pre- 
ferred dividends.  Corporations  often 
take  steps  to  fund  these  accumulated 
preferred  dividends  by  asking  the  holder 
of  the  preferred  stock  to  accept  some 
other  security  for  them,  such  as  a  de- 
benture bond  or  additional  preferred  or 
common  stock.  Sometimes  when  a  com- 
pany finds  that  it  cannot  spare  the  cash 
to  pay  its  preferred  dividends,  it  asks 
the  holders  of  its  preferred  stock  to  ac- 
cept scrip  in  place  of  the  cash.  This 
scrip  is  interest  bearing,  has  a  certain 
maturity  and  often  is  made  convertible 
into  the  stocks  on  attractive  terms. 
However,  either  the  failure  to  pay  a 
preferred  dividend,  or  its  payment  in 
scrip,  puts  a  taint  on  a  preferred  stock 
as   an   investment   which   it   usually   re- 
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quires  a  long  period  to  remove,  and  un- 
less absolutely  necessary  corporations 
will  not  take  such  action. 

Sometimes  preferred  stock  is  partici- 
pating, which  means  that  after  the  pre- 
ferred stock  has  received  its  stated  divi- 
dend and  a  certain  amount  has  been 
paid  on  the  common  stock  both  stocks 
will  share  equally  in  any  further  distri- 
butions in  the  way  of  dividends.  As  an 
example  of  this  may  be  taken  the  pre- 
ferred stock  of  Southern  California 
Edison.  The  preferred  stock  was  to  re- 
ceive cumulative  dividends  of  five  per- 
cent until  such  time  as  five  percent  a 
year  had  been  paid  on  the  common,  and 
after  that  both  stocks  were  to  share 
equally  in  any  further  distribution.  At 
the  present  time  six  percent  a  year  is 
being  paid  on  both  stocks.  However,  in 
case  of  default  in  payment  of  dividends 
on  the  preferred  stock  it  is  cumulative 
only  at  the  rate  of  five  percent  a  year 
and  not  at  the  higher  rate  under  the  par- 
ticipating feature. 

Preferred  stocks  are  often  made  pre- 
ferred as  to  assets,  and  in  case  this 
is  not  done  the  stock  can  be  considered 
but  little  better  than  a  common  stock. 
Sometimes  this  preference  is  only  as  to 
the  face  value  of  the  preferred  stock, 
while  in  some  corporations  the  prefer- 
ence as  to  assets  includes  all  unpaid  divi- 
dends on  the  preferred  stock.  This  pref- 
erence means  that  in  case  of  the  disso- 
lution of  a  company  the  preferred  stock 
is  to  receive  its  full  face  value  out  of  the 
assets  before  the  common  stockholders 
receive  anything.  As  dissolutions  of 
corporations  usually  take  place  only 
after  bankruptcy  proceedings  resulting 
in  foreclosure  of  mortgages  and  sale  of 
the  assets  for  the  benefit  of  the  cred- 
itors, this  provision  is  more  a  senti- 
mental than  a  practical  safeguard. 

Preferred  stock  issues  are  often  pro- 
tected against  any  danger  from  a  specu- 
lative dissolution  of  the  issuing  corpo- 
ration or  an  unwarranted  sale  of  its 
assets,  by  provisions  that  the  directors 
may  not  dispose  of  the  property  of  the 
company  without  the  consent  of  two- 
thirds  or  three-fourths  of  both  classes 
of  stock.  In  the  same  way  the  power  of 
the  board  of  directors,  or  of  the  com- 
mon stockholders,  to  mortgage  or  other- 
wise encumber  the  property  is  limited  by 
a  provision  that  the  corporation  shall 
not  mortgage  any  property  or  create  any 
bond  issue  without  the  consent  of  two- 
thirds  or  three-fourths  of  the  outstand- 
ing preferred  stock. 

Sometimes  in  order  to  give  the  holder 
of  a  preferred  stock  an  opportunity  of 
participating  in  the  profits  of  the  com- 
pany other  than  by  the  participating 
dividend  feature,  the  preferred  stock  is 
made  convertible  into  the  common  stock 
either  in  the  ratio  of  share  for  share  or 
on  some  other  agreed  basis.  There  are 
instances  where  the  preferred  stock  has 
been  so  hedged  about  with  restrictions 
that  it  has  been  made  extremely  difficult 
for  the  corporation  to  do  its  required 
financing.  In  the  case  of  one  company 
where  the  preferred  stock  is  issued 
under  an  agreement  that  the  corporation 
shall  have  no  power  to  create  any  in- 
debtedness prior  to  the  preferred  stock, 
the  company  has  had  to  pay  high  rates 
for  money  obtained  by  the  sale  of  de- 


bentures which  were  junior  to  the  pre- 
ferred issue.  The  company  has  made 
advantageous  otTers  to  the  holders  of 
the  preferred  to  exchange  for  the  com- 
mon stock,  but  so  far  has  been  unable  to 
get  in  but  a  small  amount  of  the  pre- 
ferred, which  is  held  as  a  high-class  in- 
vestment. 

Another  provision  often  placed  in  pre- 
ferred stock  certificates  is  that  in  case 
of  non-payment  of  dividends  on  the 
stock  for  a  period  of  from  one  year  to 
two  years,  depending  on  the  terms  of 
issue,  the  common  stock  loses  its  voting 
power  and  full  control  of  the  company 
is  given  to  the  preferred  stockholders. 
In  other  instances  it  may  be  provided 
that  the  preferred  stock  sh,  11  select 
a  majority  of  the  board  of  directors  so 
long  as  dividends  are  unpaid.  Such  a 
provision  exists  in  the  preferred  stock 
of  International  Mercantile  Marine,  and 
the  preferred  stockholders  have  elected 
a  majority  of  the  board  of  that  corpora- 
tion since  its  organization. 

While  preferred  stockholders  usually 
have  equal  voting  power  with  the  com- 
mon stockholders,  yet  sometimes  it  is 
provided  the  preferred  stock  may  only 
vote  in  case  of  non-payment  of  its  divi- 
dends. In  some  cases,  to  guard  against 
the  danger  of  excessive  dividends  being 
paid  on  the  common  stock  and  the  posi- 
tion of  the  preferred  weakened,  it  is  pro- 
vided in  the  issue  of  the  preferred  stock 
that  a  reserve  for  the  payment  of  divi- 
dends on  the  preferred  stock  must  be  set 
up  before  dividends  are  paid  on  the 
common  or  that,  in  case  of  payment  of 
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dividends  on  the  common,  these  may 
only  be  paid  to  within  a  certain  percen- 
tage of  the  actual  earned  surplus  of  the 
company. 

Preferred  stock  sometimes  has  a  re- 
demption feature.  This  means  that  the 
corporation  shall  have  the  right,  on  giv- 
ing a  certain  number  of  days'  notice,  to 
call  in  and  redeem  or  pay  off  the  pre- 
ferred stock.  The  price  at  which  this 
may  be  done  is  always  fixed  in  the  cer- 
tificate of  preferred  stocks  and  may  run 
from  two  percent  above  par  to  as  high 
as  10  or  15  percent  above  par.  Some- 
times there  is  a  sinking  fund  provided 
for  preferred  stock  to  provide  for  its 
retirement.  In  the  case  of  one  corpora- 
tion it  is  provided  that  $100000  of  in- 
come shall  be  used  each  year  for  the  re- 
demption of  outstanding  preferred  stock, 
which  shall  be  drawn  by  lot  and  the  cer- 
tificates called  in,  paid  for  and  canceled. 
This,  of  course,  results  in  a  steady 
growth  of  the  equity  of  the  common 
stockholders  in  the  property,  and  event- 
ually this  will  retire  all  the  preferred 
stock. 

There  are  several  different  classes  of 
preferred  stocks  and  the  purchaser 
should  not  fail  to  learn  just  what  class 
he  is  purchasing,  in  addition  to  seeing 
that  the  more  important  of  the  above 
provisions  are  included  for  the  protec- 
tion of  his  stock.  When  a  company  has 
but  one  issue  of  preferred  stock  it  is 
designated  as  "preferred,"  and  in  other 
instances  companies  may  have  a  first 
preferred,  a  second  or  even  a  third  pre- 
ferred stock,  ranking  in  priority  of  claim 
on  earnings  and  assets  of  the  company 
as  shown  by  their  designations.  In  the 
case  of  issues  of  second  preferred  stock 
it  is  often  provided  that  their  dividends 
shall  be  cumulative  progressively,  such 
as  two  percent  the  first  year,  three  per- 
cent the  second  year,  four  percent  the 
third  year,  five  percent  the  fourth  year 
and  six  percent  thereafter,  and  it  also  is 
often  provided  that  when  the  second 
preferred  becomes  cumulative  at  the 
same  rate  as  the  first  preferred  that  it 
shall  be  convertible  into  the  first  pre- 
ferred, and  thus  the  corporation  will 
have  but  one  issue  of  preferred  stock. 
In  the  case  of  the  Pacific  Gas  &  Electric 
Company,  that  company  has  two  classes 
of  preferred  stock,  both  ranking  equally, 
however,  as  to  dividends  and  assets. 
One  issue  is  known  as  "original  pre- 
ferred" and  the  other  as  "first  pre- 
ferred." After  July  1  of  this  year  the 
orignal  preferred  will  be  convertible  into 
the  first  preferred  at  the  rat--'  of  100 
shares  of  the  former  for  102^  snares  of 
the  latter,  and  after  this  conversion  is 
made  the  company  will  have  but  one 
issue  of  preferred  stock. 

Sometimes  when  a  company  has  an 
issue  of  preferred  stock  outstanding  it 
may  find  itself  in  such  a  position  that, 
while  it  requires  funds,  it  can  sell  no 
more  of  the  existing  preferred  because 
of  low  rate  of  earnings  or  small  equity 
in  the  assets,  and  so  may  decide  to  issue 
a  "prior"  preferred  stock.  This  stock, 
as  its  name  implies,  is  ahead  of  all  other 
stocks  as  regards  profits  and  assets,  and 
a  market  may  often  be  found  for  such  a 
stock  when  the  regular  preferred  stock 
of  the  company  is  unsalable  for  the  pur- 
pose of  securing  new  capital  for  the 
corporation. 
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In  addition  to  these  various  provisions 
which  should  be  looked  into  in  purchas- 
ing a  preferred  stock  for  investment, 
there  are  other  factors  which  must  not 
be  overlooked.  The  position  of  the  pre- 
ferred stock  in  the  financial  structure  of 
the  company  should  be  investigated.  It 
may  be  that  it  is  the  senior  security  of 
the  company  and  that  neither  bonds  nor 
short-time  notes  are  ahead  of  it.  In  this 
case  it  has  a  first  claim  on  all  assets  of 
the  corporation,  as  well  as  on  its  earn- 
ings. On  the  other  hand,  investigation 
may  show  that  ahead  of  the  preferred 
stock  may  be  several  bond  issues  of 
varying  degrees  of  priority,  and  also 
there  may  be  issues  of  short-time  notes 
or  other  evidences  of  indebtedness. 

A  preferred  stock  investor  also  should 
always  learn  in  investing  in  a  preferred 
stock  just  where  it  stands  in  the  finan- 
cial organization  of  the  corporation,  so 
that  he  may  know  just  what  claim  the 
stock  has  on  the  earnings  and  assets  of 
the  company.  In  the  case  of  preferred 
stocks  issued  by  holding  corporations 
there  usually  are  no  bonds  ahead  of  the 
preferred  stock  so  far  as  the  holding 
corporation  is  concerned,  but  it  would 
be  well  to  give  some  attention  to  the 
financial  organization  of  the  subsidiary 
companies  controlled  by  the  holding  cor- 
poration and  thus  learn  of  the  equities 
on  which  your  preefrerd  stock  is  issued. 

Sometimes  it  is  provided  that  all  new 
preferred  stock  must  be  paid  in  at  par 
and  that  for  each  share  of  preferred  is- 
sued a  share  of  common  stock  must  also 
be  issued  and  paid  for  at  par  in  cash. 
Such  a  provision  exists  in  the  case  of  the 
preferred  stock  of  the  Electric  Bond  & 
Share  Company,  and  is  one  of  the  prin- 
cipal reasons  for  tlie  stable  and  high 
price  at  which  that  preferred  stock  sells. 
The  preferred  stock  is  sold  to  the  public 
at  par,  and  for  each  share  of  preferred 
stock  issued  and  sold  the  General  Elec- 
tric Company,  the  controlling  factor  in 
the  Electric  Bond  &  Share  Company, 
must  take  and  pay  for  in  cash  at  par  a 
share  of  common  stock  also. 

Rates  of  dividends  on  preferred  stocks 
vary  from  four  to  as  high  as  eight  per- 
cent. The  preferred  stocks  of  many  pub- 
lic utility  companies  issued  some  years 
ago  bear  dividends  at  the  rate  of  five 
percent,  but  in  later  years  almost  all 
public  utility  stocks  issued  have  had 
dividend  rates  of  either  six  or  seven 
percent,  with  one  bearing  eight  percent, 
which,  however,  is  now  paying  but  four 
percent  and  allowing  the  other  four  per- 
cent a  year  to  accumulate  on  the  stock. 
There  is  one  public  utility  company 
which  has  a  preferred  stock  with  a  divi- 
dend rate  of  five  and  one-fourth  percent, 
but  this  came  about  through  the  addi- 
tion of  a  quarter  of  one  percent  to  the 
stock  to  facilitate  the  exchange  of  an- 
other stock  for  the  present  preferred. 

It  is  not  at  all  difficult  to  figure  the 
rate  of  income  which  will  be  received 
from  the  purchase  of  a  stock.  Take  the 
price  paid  for  the  stock  and  by  it  divide 
the  amount  of  return  which  will  be  re- 
ceived in  a  year  from  the  stock,  and  the 
result  will  show  the  annual  rate  of  in- 
come on  the  amount  of  rrioney  invested 
in  the  stock.  There  are  a  number  of 
good  public  utility  preferred  stocks 
which  may  now  be  purchased  at  a  price 
to  give  an  income  yield  of  from  six  to 


seven  percent,  and  in  some  instances 
even  higher,  with  a  large  degree  of 
safety  of  both  principal  and  income. 

Earnings  play  a  large  part  in  the  sell- 
ing price  of  a  preferred  stock,  and  for 
an  investment  they  should  show  that  at 
least  twice  the  dividend  requirements 
have  been  earned  over  a  period  of 
years.  In  some  instances  a  smaller  mar- 
gin of  safety  might  be  considered  to  be 
satisfactory,  but  in  the  case  of  public 
utility  issues  a  preferred  stock  should 
not  be  purchased  as  an  investment  where 
the  issuing  company  is  not  earning  twice 
its  dividend  requirements.  It  will  be 
found  that,  as  the  margin  of  safety 
above  dividends  rises,  the  price  of  the 
stock  also  increases.  The  highest-priced 
public  utility  preferred  stock  in  the  gen- 
eral market  is  the  six  percent  cumulative 
preferred  stock  of  American  Light  & 
Traction  Company,  the  dividend  require- 
ments of  which  are  being  earned  more 
than  six  times.  The  six  percent  pre- 
ferred stock  of  American  Gas  &  Electric 
Company  is  selling  also  at  a  high  price, 
and  its  preferred  dividend  is  being 
earned  more  than  five  times. 

There  is  no  more  desirable  investment 
for  the  professional  or  business  man 
than  well-selected  public  utility  preferred 
stocks,  and  a  diversified  list  may  easily  be 
made  up  which  will  return  a  large  yield, 
insuring  a  steady  income  with  a  mini- 
mum of  risk  of  the  funds  invested.  In 
making  such  a  list,  look  first  to  the  place 
which  the  preferred  stock  occupies  in 
the  financial  structure  of  the  issuing  cor- 
poration ;  how  many  and  what  bonds  or 
other  evidences  of  indebtedness  are 
ahead  of  it;  look  up  the  dividend  record 
and  learn  if  there  has  been  any  cessa- 
tion of  dividends,  and  if  so  make  close 
inquiry  as  to  the  reason,  as  sometimes  a 
corporation  may  have  a  perfectly  valid 
reason  for  a  suspension  of  preferred 
dividends  not  at  all  affecting  the  in- 
trinsic merits  of  the  stock.  This  might 
be  a  disaster  of  some  kind,  or  a  sudden 
and  world-wide  financial  stringency  in 
which,  for  the  protection  of  the  corpo- 
ration, it  might  have  been  necessary  for 
a  time  to  conserve  all  cash  resources  of 
the  corporation.  However,  as  already 
said,  a  suspension  of  preferred  dividends 
always  places  the  burden  of  proof  on 
the  stock  to  show  that  it  is  really  an  in- 
vestment issue. 

Then  learn  the  provisions  under  which 
the  preferred  stock  was  issued,  its  rights 
in  regard  to  assets  and  earnings  and  the 
position  which  it  occupies  in  regard  to 
the  common  stock  and  also  its  voting 
power.  See  that  all  the  provisions  safe- 
guarding the  issue  of  the  preferred 
stock  are  explained  fully  and  under- 
standingly.  Then  take  up  the  question 
of  earnings.  Look  over  the  earning 
statements  of  the  company  for  a  period 
of  from  three  to  five  years  and  see  if  the 
earnings  have  been  increasing  or  de- 
creasing and  learn  the  why  of  the  gain 
or  loss.  It  may  be  that  a  sudden  in- 
crease may  be  almost  as  dangerous  as  a 
sudden  loss  in  earnings  unless  a  good 
reason  is  given.  See  just  the  amount 
available  for  the  payment  of  the  divi- 
dends on  the  preferred  stock  and  how 
large  is  the  margin  of  safety,  or  the 
amount  which  will  remain  after  the  divi- 
dends have  been  paid  for  the  year. 


Of  course,  it  is  only  in  the  case  of  the 
older  issues  that  an  earning  record  of 
some  length  of  time  can  be  secured,  but 
in  the  case  of  any  preferred  stocks  de- 
sirable for  investment  this  earning  rec- 
ord should  be  available.  The  preferred 
stocks  issued  by  the  new  corporations 
stand  in  the  same  relation  in  the  invest- 
ment field  as  the  bonds  of  such  compa- 
nies and  must  have  some  seasoning  be- 
fore they  can  be  classed  as  investments. 
With  the  preferred  stocks  of  old  and 
well-tried  companies  available  at  their 
present  prices,  the  investor  should  make 
his  selections  from  these  and  not  take 
up  those  of  new  and  unproved  compa- 
nies. He  will  find  on  investigation  that 
he  can  secure  the  former  as  cheaply  and 
in  many  instances  at  a  lower  price  than 
some  of  the  newer  preferred  stocks 
which  will  be  offered  him. 


DENVER  GAS  &  ELECTRIC  LIGHT 
COMPANY 

Denver  Gas  &  Electric  Light  Company 
has  sold  $4000000  of  its  first  and  re- 
funding bonds  and  the  proceeds  will  be 
used  for  increasing  generating  and  dis- 
tributing facilities  and  to  refund  short- 
time  notes.  Earnings  of  the  company 
have  been  showing  good  gains  and  for 
1915  net  earnings  were  $1  652370,  or  2.6 
times  the  requirements  for  interest  on 
the  entire  funded  debt  of  the  company. 
Denver  Gas  &  Electric  Light  Company 
has  outstanding  $3500000  six  percent 
notes  due  in  1917,  but  they  will  be  called 
for  payment  at  loi,  October  I,  1916. 
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PERSONALS 

Mr.  Charles  N.  Black,  vice  president 
and  general  manager  of  the  United  Rail- 
roads of  San  Francisco,  has  severed  his 
connection  with  that  company  to  devote 
his  time  to  the  interests  of  Ford,  Bacon 
&  Davis,  of  which  he  is  a  member.  Mr. 
Black  was  president  of  the  American 
Electric  Railway  Association  in  1913- 
1914.  ■ 

Mr.  John  B.  Sebring,  Pittsburgh  rep- 
resentative of  the  Ward  Leonard  Elec- 
tric Company,  has  moved  his  offices  to 
901  Park  Building. 
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Mr.  G.  E.  Emmons,  who  has  been  man- 
ager of  works  of  the  Schenectady  works 
of  the  General  Electric  Company,  has 
been  elected  a  vice  president  of  the  com- 
pany. 


-39- 


Mr.  C.  C.  Gray,  assistant  editor  of  the 
Electrical  Record,  has  resigned  to  ac- 
cept a  position  in  the  editorial  division 
of  the  Westinghouse  department  of  pub- 
licity at  East  Pittsburgh. 


Mr.  H.  D.  James,  assistant  to  the  man- 
ager of  engineering  of  the  Westing- 
house  Electric  &  Mfg.  Company,  has 
been  appointed  engineer  in  charge  of  the 
industrial  control  division. 


Mr.  W.  E.  Skinner,  consulting  engi- 
neer, has  opened  an  office  at  415  Ply- 
mouth Building,  Minneapolis,  Minn. 
Until  recently  Mr.  Skinner  was  presi- 
dent and  manager,  W.  E.  Skinner,  Ltd., 
consulting  engineers,  Winnipeg,  Mani- 
toba. Prior  to  entering  the  consulting 
field  in  Winnipeg  in  1907  Mr.  Skinner 
was  connected  with  the  Westinghouse 
interests  in  Pittsburgh,  Buffalo,  Hono- 
lulu, Hawaii,  Hamilton,  Ontario  and 
Winnipeg. 


Mr.  H.  McD.  Crawford  has  resigned 
as  president  and  general  manager  of  the 
Reading  Transit  &  Light  Company  to 
accept  an  engagement  with  the  E.  W. 
Clark  Management  Association,  with 
headquarters  in  Columbus,  Ohio. 


Messrs.  Frank  L.  A.  Graham  and  Ford 
W.  Harris  have  formed  the  firm  of  Gra- 
ham &  Harris,  patent  attorneys,  933  Hig- 
gins  Building,  Los  Angeles,  Cal. 


Mr.  H.  W.  Cope,  who  has  been  in  San 
Francisco  for  over  a  year  in  charge  of 
the  Westinghouse  Company's  exhibit  at 
the  Panama-Pacific  Exposition,  has  been 
appointed  assistant  to  the  manager  of 
engineering  at  the  East  Pittsburgh  works 
of  the  company. 

Mr.  H.  W.  Hoel,  manager  of  the  Buf- 
falo office  of  the  A.  J.  Deer  Company,  of 
Hornell,  N.  J.,  has  resigned  to  enter  the 
employ  of  the  Westinghouse  Electric  & 
Mfg.  Company  at  the  Buffalo  district 
office. 


Mr.  R.  L.  McLellan,  formerly  com- 
mercial manager  of  Merchants  Heat  & 
Light  Company,  of  Indianapolis,  has 
joined  the  Chicago  sales  force  of  the 
Westinghouse  Electric  &  Mfg.  Company 
in  charge  of  steam  railroad  business  in 
the  Chicago  territory. 


Mr.  J.  F.  Briscoe,  of  the  Cincinnati 
district  office  of  the  Westinghouse  Elec- 
tric &  Mfg.  Company,  has  resigned  to 
enter  the  employ  of  the  American  Laun- 
dry Machinery  Company  at  Cincinnati. 


Mr.  C.  L.  Foster,  formerly  with  the 
Cleveland  office  of  the  Westinghouse 
Electric  &  Mfg.  Company,  is  now  con- 
nected with  the  American  Electric  Fur- 
nace Company,  of  Alliance,  O. 


Mr.  C.  P.  Walker,  formerly  of  the  Los 
Angeles  district  office  of  the  Westing- 
house Electric  &  Mfg.  Company,  is  now 
electrical  engineer  with  the  Llewellyn 
Iron  Works  and  in  charge  of  the  in- 
stallation of  their  new  steel  mill  located 
at  Torrance,  Col. 


At  the  annual  meeting  of  The  Norma 
Company  of  America,  in  New  York  City, 
Mr.  W.  M.  Nones  was  elected  persident 
and  treasurer.  Prior  to  this  Mr.  Nones 
was  secretary-treasurer,  as  well  as  gen- 
eral manager.  In  his  new  position  he 
will  continue  to  exercise  the  general 
management  of  the  firm,  which  has,  in 
five  years,  grown  from  a  small  import 
business  to  a  commanding  position 
among  the  American  manufacturers  of 
ball,  roller,  thrust  and  combination 
bearings. 


Mr.  W.  R.  Johnson,  of  the  mining  sec- 
tion of  the  industrial  department  of  the 
Westinghouse  Electric  &  Mfg.  Company, 
has  been  transferred  to  the  El  Paso  dis- 
trict office. 


Mr.  G.  W.  Goebel,  of  the  Westing- 
house Electric  Service  Department,  has 
gone  to  Eastern  France  to  look  after 
some  erection  work. 


Mr.  Harris  F.  Reeve,  formerly  con- 
nected with  the  Westinghouse  Electric 
&  Mfg.  Company,  has  accepted  the  po- 
sition of  associate  editor  of  the  Elec- 
trical Record  of  New  York. 


H.  M.  Byllesby  £?  Company 
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NEW  BOOKS 


"Oxy-Acetylene  Welding  and  Cutting — 
Electric  and  Thermit  Welding"— Har- 
old Manly.  215  pages,  56  illustrations. 
Published  by  Frederick  J.  Drake  &  Co. 
For  sale  by  The  Electric  Journal. 
Price  $1.00. 

While  the  field  of  this  book  has  pre- 
viously been  covered  by  other  writers, 
nevertheless  the  volume  has  been  care- 
fully compiled  and  may  be  said  to  be 
one  of  the  best  of  its  kind,  being  in- 
tended for  the  practical  rather  than  for 
the  theoretical  reader.  Accordingly,  it 
aims  to  give  usable  information  freed 
from  mathematical  intricacies ;  and,  ad- 
ditional to  descriptions  of  the  welding 
processes  as  indicated  in  the  title,  it  con- 
tains data  on  thermit  welding,  soldering 
and  brazing  and  on  the  alloys,  gases, 
etc.,  involved  in  these  several  processes, 
as  well  as  on  the  heat  treatment  of  vari- 
ous steels.  The  manufacture  of  oxygen 
and  acetylene  are  explained  at  some 
length,  more  particularly  the  apparatus 
required  for  the  generation  and  control 
of  the  latter  gas,  since  it  is  customary 
for  the  average  consumer  to  make  it  di- 
rect from  calcium  carbide,  while  the 
oxygen  is  almost  invariably  purchased 
already  made  and  compressed  into  suit- 
able cylinders.  Some  little  space  is  like- 
wise devoted  to  the  auxiliary  apparatus 
used  in  oxy-acetylene  welding,  including 
the  three  classes  of  torches — high,  me- 
dium and  low  pressure.  The  chapter  on 
the  actual  work  of  welding  by  this  pro- 
cess is  excellent.  The  description  of  the 
electric,  incandescent  and  electric  arc 
processes  of  welding,  while  good,  are 
not  amplified  to  the  same  extent  as  is 
that  on  oxy-acetylene  welding,  and  this 
refers  more  especially  to  the  electric  arc 
process,  details  of  which  are  largely 
lacking.  In  this  respect  the  volume 
could  be  improved  in  its  subsequent  edi- 
tions, if  necessary,  at  the  expense  of  the 
chapter  on  blacksmith  welding.  The 
chapter  on  soldering  and  brazing  is 
thoroughly  practical.  C.  B.  A. 
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ciples  of  accounting,  but  presents  facts 
regarding  actual  problems  of  the  busi- 
ness, such  as  distinguishing  between 
capital  and  operating  costs,  handling  de- 
preciation, treating  capitalization,  ana- 
lyzing balance  sheets  and  other  impor- 
tant phases.  Professor  Cole's  treatment 
may  be  profitably  consulted  by  the  busi- 
ness man  and  engineer,  as  well  as  by  the 
accountant,  as  it  certainly  is  to  their  ad- 
vantage to  follow  up  closely  the  best 
accounting  methods  in  order  that  they 
maintain  a  properly  designed  system  of 
accounts  giving  them  data  regarding 
their  business  in  a  clear  and  accurate 
manner.  E.  D.  D. 


"Accounts — Their  Construction  and  In- 
terpretation'— William  Morse  Cole.  430 
pages.     Published   by  Houghton-Mif- 
flin Company.    For  sale  by  The  Elec- 
tric Journal.    Price  $2.25. 
With   the   increased   complexities   and 
competition  in  modern  business,  detailed 
records    and    analyses    are    matters    of 
large  importance.     While  leaders  in  the 
industries    have   worked    assiduously   to 
organize   their   business   on   an   efficient 
basis,    in    many   cases   they   have    failed 
to    provide    adequately    for    the    funda- 
mental means  of  measuring  their  results 
through  a  comprehensive  system  of  ac- 
counting.    In  many  cases  business  deci- 
sions   have   been   governed    by   rule   of 
thumb  methods  rather  than  with  the  aid 
of  analytical  accounts.     Professor  Cole 
sets    forth    very    clearly    the    scientific 
considerations    in    practical    accounting. 
The  author  not  only  discusses  the  prin- 


"Indexing  and  Filing" — E.  R.  Hudders. 
292  pages,  illustrated.  Published  by 
The  Ronald  Press  Company.  For  sale 
by  The  Electric  Journal.  Price  $3.00. 
While  every  up-to-date  concern  of  any 
considerable  size  has  its  filing  system, 
very  little  has  been  published  in  book 
form  giving  a  comprehensive  outline  of 
the  various  methods  of  filing  and  index- 
ing information  for  convenient  refer- 
ence. The  present  book  outlines  and 
illustrates  present-day  methods  of  filing 
papers  with  outlines  as  to  methods  of 
organizing  a  filing  department.  Very 
definite  rules  have  been  evolved  for 
library  practice,  but  the  records  of  com- 
mercial organizations  differ  so  radically 
from  those  of  the  library  that  many 
modifications  must  be  made.  In  the 
present  volume  an  attempt  has  been 
made  to  codify  the  rules  governing  com- 
mercial indexing  of  records  both  by  the 
Dewey  decimal  arrangement  and  by 
other  schemes.  Various  forms  and  cur- 
rent systems  are  illustrated.  The  book 
should  be  of  considerable  interest  to 
anyone  desiring  information  as  to  the 
best  practice  on  the  subject. 


mation  but  sufficient  special  informa- 
tion to  enable  students  to  do  actual  wir- 
ing installation  work.  It  includes  in  ad- 
dition to  elementary  work  of  bell  wiring 
concealed  knob  and  tube  wire  sections 
of  wiring  for  motors  and  armored  cable 
and  metal  moulding  wiring.  An  ap- 
pendix is  included  giving  data  with  ref- 
erence to  wire  sizes,  wire  markings,  con- 
duit sizes  for  different  sizes  of  wire,  etc. 


"Industrial    Leadership" — H.    L.    Gantt. 
128  pages,  9  charts.     Published  by  the 
Yale   University   Press.     For   sale  by 
The  Electric  Journal.    Price  $1.00. 
This  book  is  based  on  a  lecture  deliv- 
ered in  the  Page  lecture  series,  1915,  be- 
fore the  senior  class  of  Sheffield  Scien- 
tific  School,  Yale  University.     The  au- 
thor is  well  known   in  connection   with 
his  work  in  scientific  management,  and 
the  present  book  reviews  and  reiterates 
his  ideas  regarding  the  training  of  work- 
men, principles  of  task  work,  results  of 
task  work,  with  a  concluding  chapter  on 
production  and  sales.     The  discussion  is 
general  in  its  character  and  makes  fas- 
cinating  reading  to  any  one  interested 
in  this  subject. 


"Practical  Electrical  Wiring" — John  M. 

Sharpe.     256  pages;   152  illustrations. 

Published  by  D.  Appleton  &.  Co.    For 

sale  by  The  Electric  Journal.    Price 

$1.00. 

This  work  by  the  instructor  in  the 
wiring  department  of  Bliss  Electrical 
School  furnishes  not  only  general  infor- 


NEW  RESISTANCE  UNITS 

In  automobile  plants,  with  the  present 
great  use  of  low-voltage  equipments, 
battery  charging,  lamp  dii  n  ing,  etc., 
the  demand  is  great  for  anyining  that 
promises  increased  efficiency  in  this  ser- 
vice, and  is  worthy  of  being  given  the 
closest  investigation  and  of  having  the 
best  engineering  talent  devoted  to  the 
solution  of  the  questions  involved.  The 
Ward  Leonard  Electric  Company,  of 
Mount  Vernon,  N.  Y.,  has  devoted  its 
attention  to  the  specific  task  of  produc- 
ing a  compact  unit  of  high  resistance 
and  a  moderate  current  carrying  capac- 
ity, combining  in  a  small  space  the  sali- 
ent features  of  a  strong,  durable  resist- 
ance unit.  Their  units  are  made  of 
practically  zero  temperature  coefficient 
wire,  wound  on  porcelain  tubes,  and  cov- 
ered with  a  viterous  enamel,  possessing 
the  following  advantageous  features : — 

The  resistance  wire  is  embedded  in  a 
material  which  will  expand  and  contract 
at  the  same  rate  as  the  resistance  itself 
within  the  limits  of  usage,  thus  prevent- 
ing the  adjacent  turns  from  closing  to- 
gether and  short-circuiting,  preventing, 
therefore,  a  change  in  the  resistance  of 
the  unit  which  might  cause  a  burnout  in 
the  circuit.  The  vitreous  enamel  in 
which  the  wire  is  embedded,  and  by 
which  it  is  entirely  covered,  protects  the 
wire  from  the  atmosphere.  As  the  en- 
tire wire  is  hermetically  sealed  it  can- 
not deteriorate  owing  to  the  action  of 
moisture  or  other  corrosive  elements. 
The  coating  of  enamel  over  the  wire  is 
so  thin,  and  the  enamel  so  good  a  con- 
ductor of  heat,  that  the  heat  generated 
is  dissipated  very  rapidly,  because  the 
radiating  surface  is  practically  increased 
from  that  of  the  fine  wire  to  that  of  the 
porcelain  tube.  The  resistance  wire  has 
practically  zero  temperature  coefficient, 
that  is,  its  resistance  does  not  alter  with 
change  of  temperature,  the  importance 
of  which  is  well  known.  These  units  are 
very  strong  mechanically,  are  small,  com- 
pact, non-abrasive,  rust-proof,  water- 
proof, fire-proof  and  dust-proof.  The 
terminals  are  very  strong,  and  the  con- 
nection between  the  resistance  wire  and 
the  terminal  leads  is  embedded  in  the 
vitreous  enamel,  which  preserves  the 
joint  against  any  depreciation.  Any  of 
the  units  can  be  furnished  with  resist- 
ance as  high  as  10  000  ohms  on  one  layer 
of  wire.  The  Ward  Leonard  Electric 
Company's  engineers  solicit  the  opinion 
of  automobile  engineers,  and  will  gladly 
take  up  any  problems  of  design,  mount- 
ing, etc.,  which  they  may  suggest. 
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Th     C         tV>      ■'^  '^^  article  in  this  issue  on  "Efficiency 
-    ,      _  Tests  of  a  30000  Kw  Cross-Compound 

or  the  Steam     „^  t-     1  •     »       n  t,       c  •  i 

Steam  Turbine     will  be  of  consider- 

1  urbine  ^^^^  value  to  all  who  are  concerned  in 

power  plant  performance,  as  it  presents  in  a  very  inter- 
esting way  the  trend  of  the  economic  development  in 
power  plant  practice  within  the  past  fifteen  years.  The 
authors  show  the  tremendous  evolution  that  has  oc- 
curred in  the  investment  cost  per  unit  of  output,  pri- 
marily by  the  use  of  the  steam  turbine,  but  also  in  an 
important  degree  by  the  increase  in  boiler  evaporation 
effected  by  the  use  of  underfeed  stokers  and  by  the  use 
of  superheated  steam.  By  these  means  the  original 
Seventy-fourth  Street  Plant,  laid  out  to  give  about  1.2 
kilowatts  output  for  each  boiler  horse-power  installed, 
now  gives  more  than  seven  kilowatts  for  each  boiler 
horse-power.  They  might  also  have  added  as  an  inter- 
esting item  in  the  comparative  operating  cost  between 
the  turbines  and  the  reciprocating  engines,  that  the 
engine  room  crew  previously  required  on  one  recipro- 
cating unit  of  7500  kilowatts  maximum  capacity  is  now 
found  sufificient  to  operate  three  turbine  units  of  90000 
kilowatts  capacity. 

But  above  all  these  subordinate  questions,  important 
and  interesting  as  they  are,  lies  the  all-important  eco- 
nomic fact  that  the  steam  turbine  has  made  possible  the 
tremendous  electrical  development  now  existing  in  our 
large  centers  of  population.  Without  it  no  such  thing 
would  have  been  possible  as  the  installing  of  200  000  or 
300000  kilowatts  in  generating  capacity  in  one  plant. 
Aside  from  the  physical  impossibility,  it  could  not  have 
been  financed. 

It  is  one  of  the  engineering  achievements  of  our  day, 
equally  creditable  to  the  operating  companies  and  to  the 
manufacturers  of  power  plant  machinery,  that  our  cen- 
tral station  plants  have  within  a  dozen  years  or  so  been 
revolutionized  so  as  to  bring  down  their  initial  cost  from 
one-half  to  two-thirds,  and  their  operating  cost  from 
one-third  to  one-half.  It  has  enabled  the  public  utilities 
companies,  confronted  as  they  have  been  with  greatly 
increased  cost  in  many  other  directions,  with  more  ex- 
pensive labor,  with  higher  costs  on  much  of  their  ma- 
terial purchases,  and  with  the  many  restrictions  of  regu- 
lative legislation,  to  continue  to  reduce  their  rates  for 
their  product,  so  that  the  public,  accustomed  to  paying 
increased  prices  for  most  of  its  wants  during  the  past 
fifteen  years,  has  found  in  that  same  period  a  greatly 
reduced  cost  in  its  electrical  service.  The  steam  turbine 
has  surely  been  the  agent  of  a  great  public  service. 

It  is  not  often  that  we  are  privileged  to  have  before 
us  test  data  of  a  prime  mover  in  as  complete  detail  as 
given  by  Messers.  Stott  and  Finlay,  or  to  have  a  test 
made  with  such  care  to  insure  accuracy.     The  results 


stand  as  the  best  recorded  performance  to  date  of  any 
steam  turbine  of  any  size  or  type,  and  perhaps  it  should 
be  emphasized  that  in  the  consideration  of  this  design  it 
was  determined  that  reliability  of  operation  should  take 
precedence  over  the  question  of  efficiency.  The  unit  was 
so  big  and  its  loss  from  service  so  vital  that  nothing  short 
of  the  greatest  reliability  of  design  in  every  particular 
could  be  tolerated.  Therefore,  in  its  design  no  special 
materials  were  required,  for  all  the  stresses  are  low  and 
well  within  the  successful  practice  of  many  years.  The 
three  units  have  now  been  in  service  from  a  year  to  a  year 
and  a  half  and  have  been  most  successful  in  every  way. 
Students  of  this  subject  will  be  interested  to  watch 
the  future  development  of  large  turbine  unit  practice. 
Many  large  turbines  have  been  purchased  and  will  be 
installed  within  the  next  year.  Some  of  them  as  large 
as  these  Interborough  units  will  be  of  single-cylinder 
design.  Others  of  about  the  same  size  will  be  of  tandem 
design,  having  the  high  and  low-pressure  cylinders 
mounted  on  the  same  shaft,  with  a  single  generator. 
There  will  also  be  several  cross-compound,  two-gener- 
ator units  similar  to  the  Interborough  design  installed  in 
sizes  of  40000  to  45000  kilowatts.  Also,  there  will  be 
installed  one  or  more  units,  each  of  70  000  kilowatts  ca- 
pacity, comprising  three  elements,  the  high-pressure  in 
the  middle  and  low-pressure  on  either  side,  each  element 
having  its  own  generator.  Such  a  set,  therefore,  con- 
sists of  three  units,  each  capable  of  operating  separately, 
but  all  three  combined  to  constitute  one  very  large  unit, 
thus  giving  a  combination  of  maximum  efficiency,  flexi- 
bility and  reliability.  E.  H.  Sniffin 


J,..  The  blowing   of   a   steam   locomotive 

safety  valve  is  a  self-advertising  form 
Inetticiency  ^^  inefficient  use  of  power.  Every  en- 
gineer can  recall  other  instances  in  which  wasted  energy 
attracts  disagreeable  attention  to  itself  and  thus  acts  as 
an  automatic  incentive  to  improved  conditions  in  order, 
if  for  no  other  reason,  to  eliminate  the  distressing  symp- 
toms. Other  inefficient  conditions  frequently  persist 
because  attention  is  not  continually  being  called  to  them, 
and  such  "noiseless"  wastes  may,  in  the  aggregate,  be  as 
serious  as  the  more  noisy  ones. 

An  example  of  such  "silent"  inefficiency  is  that  due 
to  improper  wall  surfaces  in  office  buildings.  There  are 
probably  few  people  who  are  not  aware  of  the  fact  that 
less  light  is  required  to  produce  a  given  illumination  in 
a  room  having  light  walls  and  ceilings  than  in  one  with 
darker  surroundings.  It  is  usually  difficult,  however,  to 
persuade  building  owners  to  spend  real  money  to  obtain 
an  intangible  and  incalculable  benefit.  Hence,  the  advan- 
tage of  quantitative  data  such  as  is  presented  by  Mr.  S. 
G.  Hibben  in  this  issue.  A.  H.  McIntire 


The  Hydroelectric  Development  of  the 
Peninsular  Power  Company* 


Chari.es  v.  Seastoxe 

Consulting  Engineer, 

Madison,  Wis. 


THE  LARGE  demand  for  electric  energy  by  the 
iron  ore  mining  companies  in  the  Iron  River 
region  of  Michigan  opened  up  the  way  for  the 
hydroelectric  development  of  the  Lower  Twin  Falls  of 
the  Menominee  River  by  the  Peninsular  Power  Com- 
pany. This  location  is  about  three  and  one-half  miles 
north  of  the  city  oi  Iron  Mountain.  The  principal  points 
of  delivery  of  electric  energ>'  from  this  plant  are  in  the 
mining  regions  adjacent  to  Florence,  W'is.,  and  Iron 
River,  Mich.  The  hydroelectric  plant  at  Twin  Falls  and 
the  substation  at  Iron  River,  about  36  miles  distant,  are 


structure  of  the  power  house,  the  forebay  or  canal  sec- 
tion from  which  the  water  is  carried  to  the  penstocks, 
and  the  head-gate  section  containing  the  trash  racks 
and  penstock  gates,  are  built  on  solid  rock. 

The  maximum  head,  including  the  rock  and  concrete 
dam,  is  44  feet,  with  an  average  working  head  of  from 
40  to  42  feet.  The  portion  of  the  dam  crossing  the 
river  proper  consists  of  a  Tainter-gate  section  for  pass- 
ing the  flood  flow  of  the  river,  having  ten  Tainter- 
gates,  each  14  feet  square.  A  cross-section  through  the 
Tainter-gate   section,   illustrating  the  general   arrange- 
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connected  by  a  three-phase,  66  000  voltage  duplicate 
transmission  line  supported  on  steel  towers.  This  plant 
is  also  connected  by  a  66000  volt  transmission  line  to 
the  substation  of  the  Iron  Mountain  Electric  Light  & 
Power  Company. 

The  original  installation  at  the  power  house  con- 
sisted of  three  looo  kw  generating  units ;  two  additional 
1250  kw  units  were  later  installed,  making  the  total  ca- 
pacity of  the  plant  5500  kw.  At  Iron  River  are  located 
a  3400  kw  auxiliary  steam  plant,  and  a  substation  from 
which  the  current  is  distributed  to  the  mines  in  this 
vicinity. 

The  relative  location  of  the  dam,  forebay  and  power 
house  is  shown  in  Fig.  i.  The  natural  foundation 
ofifered  by  the  ledge  of  solid  rock  which  forms  Lower 
Twin  Falls  gave  an  excellent  location  for  the  dam,  in 
that  the  height  of  the  dam,  and  therefore  the  amount  of 
concrete,  was  thereby  reduced.  All  the  rock  in  this 
vicinity  is  of  a  granitic  formation,  commonly  known 
as  greenstone.    The  other  structures,  including  the  sub- 


♦Revised  from  a  paper  read  before  the  American  Institute 
of  Mining  Engineers. 


ment,  design  and  method  of  anchorage  of  the  gates,  is 
shown  in  Fig.  4.  This  section,  which  is  about  170  feet 
long,  is  constructed  throughout  of  solid  concrete  and  is 
of  the  gravity  type,  provided  with  a  solid  ogee  section 
for  the  spillway,  being  flanked  on  the  Wisconsin  side  by 
a  gravity-section  concrete  dam.  The  gates  are  operated 
by  hand  winches  which  move  on  a  track  on  the  operating 
platform.  In  addition  to  this,  there  is  an  earthen  sec- 
tion about  14  feet  high  and  850  feet  long  provided  with 
a  solid  concrete  core-wall,  well  anchored  to  the  solid 
rock  which  underlies  the  surface.  In  addition  to  the 
flood  gates,  the  dam  is  provided  with  an  approved 
type  fishway  and  a  chute  for  the  passage  of  logs  or 
of  floating  debris.  Suitable  booms,  anchored  to  heavy 
rock-filled  cribs,  extending  to  the  bed  of  the  river, 
are  constructed  above  the  dam  to  guide  the  logs  to  the 
chute. 

This  general  plan  of  development,  as  shown  in  Fig. 
I,  was  adopted  because  it  afforded  a  location  for  the 
power  house,  which  is  practically  free  from  floating 
materials,  and  because  of  the  ease  of  construction  of  the 
plant. 
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On  the  Michigan  side,  in  the  base  of  the  Tainter-gate 
section,  is  a  four  by  four  foot  sluice  gate,  operated  by  a 
stand  on  the  operating  platform.  This  gate  is  utilized 
in  the  winter  season  when  it  is  sometimes  desirable  to 
discharge  only  a  small  amount  of  water,  and  when,  due 
to  ice  conditions,  the  operation  of  the  Tainter-gates  is 
more  or  less  inconvenient  and  difiScult. 

POWER    HOUSE 

The  general  arrangement  of  the  power  house,  includ- 
ing the  switchboard,  hydraulic  and  electrical  machinery, 
is  shown  in  Figs.  5  and  6.  The  headgates  are  con- 
structed of  timber  having  steel-bearing  plates,  and  each 
is  operated  by  an  individual  hoist.  Filler  gates  are  pro- 
vided in  the  penstock  gates,  although  the  hoists  are  de- 
signed to  move  the  latter  without  relieving  the  pressure. 
At  the  end  of  the  trash  racks  is  a  sluice  gate  with  a 
movable  crest,  which  provides  means  to  sluice  away  ice 
or  other  debris  that  may  collect  in  front  of  the  racks. 
In  the  design  of  the  hydraulic  features  of  the  plant  care 
was  taken  to  provide  liberal  areas  for  waterways,  and  so 
arrange  the  plant  as  to  minimize  the  labor  necessary  for 
its  economical  operation. 


charge  turbines,  are  mounted  in  steel  case  penstocks 
and  direct  connected  to  1000  kw  Westinghouse  gen- 
erators. Each  turbine  unit,  operated  under  an  eflfective 
head  of  42  feet,  will  develop  1700  horse-power  at  full 
gate,  running  at  a  speed  of  257  revolutions  per  minute. 
The  recently  installed  turbines  are  of  the  LefTel  type 
connected  to  generators  of  1000  kw  capacity.  A  sys- 
tem of  positive  lubrication,  consisting  of  a  large  grease 
compressor  which  is  fitted  with  a  suitable  handwheel 
and  gears  for  operating  it,  is  installed  with  each  turbine 
unit.  Holyoke  tests  of  a  similar  40  inch  Samson  runner 
showed  almost  89  percent  efficiency  at  about  three- 
quarter  gate,  and  the  manufacturer's  guarantee  for  the 
wheel  installed  was  86.5  percent  at  about  three-quarter 
discharge,  that  is,  when  developing  about  1400  horse- 
power. Under  the  conditions  of  installation  at  Twin 
Falls  power  house,  efficiencies  somewhat  greater  than 
the  manufacturer's  guarantee  have  been  realized. 

The  Westinghouse  generators  have  a  rating  of  1250 
k.v.a.,  60  cycles,  three-phase,  6600  volts,  257  r.p.m.,  each 
equipped  with  a  120  volt  direct-connected  shunt-wound 
exciter  of  2y.z,  kw  capacity,  designed  for  operation  with 
a  Tirrill  regulator.    The  rotor  of  the  generator  is  of  the 
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The  Menominee  River  forms  part  of  the  boundary 
between  Wisconsin  and  the  upper  peninsula  of  Mich- 
igan, and  flows  in  a  southeasterly  direction  into  Lake 
Michigan  through  Green  Bay.  A  gauging  station  was 
established  at  the  Homestead  highway  bridge,  about  2.5 
miles  south  of  Iron  Mountain,  in  September,  1902,  and 
records  are  available  from  that  time.  Discharge  meas- 
urements are  made  from  the  single  span  to  which  the 
gauge  is  attached. 

By  comparing  the  hydrographs  of  the  daily  flow 
from  government  gaugings  of  the  last  ten  years  it  is 
found  that,  by  the  use  of  the  pondage  that  is  available 
above  the  dam,  2500  continuous  horse-power  could  have 
been  delivered  during  each  day,  except  for  a  short  period 
during  the  years  1908,  1909  and  1910.  This  corre- 
sponds to  about  1500  continuous  kilowatts  delivered  to 
the  customer,  allowing  for  losses  in  generators,  trans- 
formers and  line. 

The  hydraulic  machinery  equipment  of  the  power 
hotise  now  consists  of  five  units,  two  having  been  in- 
stalled recently.  The  three  original  units,  each  consist- 
ing of  a  pair  of  40  inch  horizontal-shaft,   center-dis- 


flywheel  type,  so  designed  as  to  assist  materially  in  the 
speed  regulation  of  the  plant.  All  rotating  parts  are 
designed  for  60  percent  overspeed. 

The  superstructure  of  the  power  house  consists  of 
a  three-story  brick  building  containing  the  switchboard 
gallery,  individual  transformer  compartments  provided 
with  steel  doors,  high-tension  switch  compartments,  etc. 
The  transformer  installation  comprises  six  single-phase, 
835  k.v.a.,  oil-insulated,  water-cooled  transformers,  ar- 
ranged in  two  banks,  delta-connected  on  the  6600  volt 
side,  and  star-connected  on  the  66  000  volt  side.  Each 
transformer  is  placed  on  rails  in  a  separate  brick  com- 
partment closed  by  a  steel  rolling-curtain  door.  In  the 
west  end  of  the  transformer  building  an  opening  is  left 
through  all  the  floors  large  enough  to  allow  the  raising 
of  the  transformer  core  with  the  aid  of  a  triplex  chain 
hoist  attached  to  an  I-beam  on  the  upper  floor.  The 
cooling  water  for  the  transformers  is  supplied  by  two 
motor-driven  centrifugal  pumps,  one  of  them  being 
held  for  reserve.  A  complete  oil  piping  system  is  in- 
stalled, connecting  each  transformer  with  an  oil-treating 
outfit  of  the  filter-press  type,  so  arranged  as  to  permit 
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cleaning  the  oil  of  any  transformer  without  taking  the 
transformer  out  of  service. 

The  oil  switches  are  separately  mounted  and  are 
controlled  electrically  from  the  main  control  board, 
which  is  located  on  the  second  floor  between  the  two 
transformer  groups  and  overlooking  the  generator-room 
floor.  All  high-tension  and  low-tension  measuring 
transformers  are  placed  in  fireproof  brick  compartments, 
closed  by  asbestos  doors.  The  individual  conductors  of 
the  high  and  low-tension  bus  systems  are  separated  by 
barriers  of  asbestos  wood. 

Special  care  has  been  exercised  in  providing  for  an 
uninterrupted  service,  and  the  equipment  installed  for 
this  purpose  is  unusually  complete  and  may  be  classified 
as  follows: — • 

I — Each  three-phase  line  is  equipped  with  a  modern  type 
electrolytic  lightning  arrester. 

2 — Each  individual  overhead  conductor  leaving  the  power 
house  is  equipped  with  a  choke  coil,  wound  with  Swedish  iron 
to  increase  its  resistance  greatly  under  lightning  oscillations. 


service  notwithstanding  trouble  on  the  line.  The  rheostat  is  of 
such  capacity  as  to  give  the  station  operator  ample  time  to 
locate  the  line  in  trouble  and  either  isolate  it  or,  more  frequently 
in  case  of  an  arcing  ground,  interrupt  service  over  this  one  line 
for  one  second  (maintaining  service  over  the  other  line),  and 
thereby  remove  the  trouble. 

The  transmission  line  leaves  the  power  house 
through  corrugated,  porcelain  outlet  bushings.  The  line 
is  built  in  duplicate  and  is  supported  on  steel  towers  set 
in  concrete  bases.  Two  types  of  towers  are  used,— a 
flexible  or  two-post  structure,  the  main  members  of 
which  are  channels,  and  a  four-post  tower  constructed 
from  angle  sections,  which  serve  as  anchorages  for  the 
line.  On  all  angles  above  12  degrees  a  heavier  four- 
post  structure  is  used.  The  percentages  of  the  different 
types  of  towers  are  as  follows : — 

Standard  two-post 73 

Standard  four-post  17 

Angle  towers 9 

Special  towers i 

The   .oncrete  anchorages  for  the  standard  two  and 
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3 — All  the  high-tension  stations  have  been  wired  with  solid 
Swedish  iron,  for  the  same  reason. 

4 — All  high-voltage  current  transformers  have  been  pro- 
tected by  special  electrolytic  cells. 

5 — A  special  type  of  arrester  has  been  imported  from 
Europe,  in  addition  to  the  American  types  already  installed,  for 
the  purpose  of  eliminating  troubles  due  to  high-frequency  dis- 
turbances by  lightning,  switching  and  arcing  grounds. 

6 — All  circuits  connecting  with  the  bus-bars  are  provided 
with  individual  choke  coils  of  Swedish  iron  to  protect  the  ma- 
chinery and  station  apparatus  against  high-frequency  and  short- 
circuit  effects. 

7 — Two  special  motor-generator  sets  have  been  provided, 
each  coupled  to  a  heavy  laminated  flywheel  of  boiler-plate  steel, 
to  furnish  emergency  lighting  and  power  to  operate  the  oil 
switches  in  the  very  remote  case  of  an  accidental  shutdown  of 
the  whole  plant. 

8 — A  special  metallic  grounding  rheostat  was  installed  be- 
tween the  transformer  high-tension  neutral  and  ground,  to- 
gether with  a  special  current  transformer,  alarm  bell,  signal 
lamp,  ammeter  and  special  relays.  This  equipment  serves,  in 
case  of  accidental  ground  on  the  transmission  line,  to  limit  the 
ground  current  to  a  moderate  amount  and  keep  the  oil  switches 
from  opening  automatically,  thereby  maintaining  uninterrupted 


four-post  towers  were  constructed  by  molding  concrete 
pedestals  around  the  base  or  anchorage  angles.  The 
forms  for  these  pedestals  were  constructed  of  galvan- 
ized iron,  and  the  work  was  done  at  convenient  points 
along  the  line  of  construction,  and  the  bases  distributed 
to  the  sites  and  set.  Where  a  line  parallels  a  railroad 
and  transportation  is  thereby  facilitated,  the  method 
above  outlined  for  forming  and  setting  the  concrete 
anchorages  has  been  found  to  be  more  economical  than 
the  usual  method  of  depositing  concrete  in  the  earth 
around  the  anchorage  iron,  and  also  gives  excellent 
results. 

The  conductors  consist  of  six  aluminum  wires,  of  a 
total  cross-section  equivalent  to  No.  o  B.  &  S.  gauge, 
around  a  high-strength  galvanized-steel  center,  having 
an  elastic  limit  of  130  000  lb.  per  sq.  in.  The  power 
cables  are  strung  with  a  sag  considerably  greater  than 
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that  recommended  by  the  manufacturers  and  guaran- 
teed by  them  as  being  entirely  safe  under  the  worst  pos- 
sible conditions  of  wind  and  sleet  loads  at  low  tempera- 
ture. This  was  done  to  get  a  factor  of  safety  on  the  line 
as  high  as  could  be  practically  obtained. 


FIG,  4 — CROSS-SECTION  OF  TAINTER-G.\TE  AND  DAM 

Special  care  has  also  been  taken  in  the  design  of  this 
transmission  line  to  provide  for  uninterrupted  service 
under  all  conditions.  The  special  features  which  will 
serve  this  purpose,  in  addition  to  those  at  the  power 
plant,  are  as  follows : — 

p — The  main  line  is  built  in  duplicate, 
which  always  leaves  the  second  line  in  ser- 
vice in  case  trouble  develops  on  one  line. 

10 — The  transmission  line  is  protected 
over  its  entire  distance  by  two  overhead 
ground  wires,  strung  10.5  feet  above  the 
highest  power  cable. 

// — Each  transmission  tower  is 
grounded  by  special  ground  plates  below 
the  concrete  bases. 

/-' — Each  string  of  insulators  is  pro- 
tected by  special  arcing  rods  arranged  above 
and  below  the  insulators  to  save  them  from 
damage  by  an  accidental  power  arc. 

13 — The  total  line  has  been  divided  into 
a  large  number  of  separate  sections,  which 
may  be  easily  and  quickly  disconnected. 
This  will  greatly  reduce  the  time  for  in- 
sulating and  repairing  a  damaged  section  if 
it  should  ever  become  necessary. 

14 — A  private  two-wire  telephone  line 
has  been  installed  on  a  wooden  pole  line, 
within  a  short  distance  of  the  transmission 
line,  connecting  the  main  generating  station 
with  all  the  substations.  The  crews  at  the 
power   house    and    all    the    substations    are  j.j,- 

furnished     with     portable     telephone     sets 
which  can  be  connected  to  any  point  of  the  telephone  line. 

With  this  equipment  any  trouble  on  the  line  can  be 
quickly  located,  isolated  and  repaired. 

The  auxiliary  steam  plant  is  located  just  outside  of 
the  city  limits  of  Iron  River,  which  is  central  with  re- 


spect to  the  present  and  probable  future  mining  opera- 
tions, and  at  the  same  time  to  the  probable  load  center. 
The  main  line  of  the  Chicago  &  Northwestern  Railway 
through  this  section  adjoins  the  property  on  the  east, 
providing  excellent  facilities  for  the  delivery  of  coal. 
Just  east  of  the  railroad  right-of-way  is  the  Iron  River, 
a  stream  having  a  drainage  area  of  60  square  miles  and 
an  exceptionally  uniform  flow,  thus  assuring  close  at 
hand  a  sufficient  supply  of  water  for  condensing  and 
other  purposes. 

Equipment  of  the  steam  plant  consists  of  four  West- 
inghouse  turbogenerator  units,  one  of  625  kw  and  the 
other  three  of  940  kw  capacity,  making  a  total  capacity 
of  3445  kw.  The  units  generate  three-phase,  60  cycle, 
6600  volt  current. 

The  exciter  units  consist  of  one  Westinghouse 
engine-driven  generator  and  one  Westinghouse  steam 
turbine-driven  generator.  These  units  are  on  the  main 
floor  of  the  turbine  room.  On  the  main  floor  of  the 
turbine  room,  besides  the  main  units  and  e.xciters,  are 
the  complete  substation  switchboard  and  duplicate  sets 
of  15  kw  flywheel  motor-generators  for  emergency  oper- 
ation of  the  control  circuits  and  station  lighting. 

The  main  substation  is  at  Iron  River,  Mich.,  and 
consists  of  a  two-story,  fireproof  brick  building,  directly 
connecting  with  the  company's  auxiliary  steam  turbo- 
generator plant.  It  contains  six  420  k.v.a.,  single-phase 
transformers  of  the  oil-insulated,  water-cooled  type  and 
the  necessary  switchboard  and  bus-bar  equipment.  The 
equipment  for  furnishing  cooling  water  and  that  for  fil- 
tering the  transformer  oil  is  a  duplicate  of  that  installed 
at  the  main  generating  station.  The  sub-station  is  de- 
signed to  control  two  incoming  66  000  volt  transmission 


5 — CROSS-SECTION  OF  POWER  HOUSE  AND   HEADGATE 

lines,  and  four  outgoing  6600  volt  distribution  feeders ; 
also  two  banks  of  station  light  and  power  trans- 
formers, which  also  provide  for  all  the  auxiliary  elec- 
trical equipment  installed  in  the  substation  and  adjoining 
power  plant. 
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A  second  high-tension  substation  is  located  at  Flor- 
ence, Wis.,  ten  miles  from  the  hydraulic  plant,  and  con- 
necting to  the  main  66  ooo  volt  transmission  line.  This 
substation  supplies  power  to  two  iron  mines  near  Flor- 
ence, over  a  6600  volt  line  carried  on  steel  towers.  It 
contains  three  150  k.v.a.,  single-phase  transformers, 
delta-connected  on  both  the  high  and  low-tension  sides. 
A  third  high-tension  substation  is  now  in  operation  at 
Alpha,  Mich.,  supplying  power  to  the  Judson  and  Balkan 
mines.  The  town  of  Alpha  is  furnished  with  electrical 
energy  for  general  commercial  lighting  and  power  pur- 
poses. The  equipment  of  this  substation  is  the  same  as 
that  at  Florence,  with  the  exception  that  the  total  trans- 
former capacity  amount  to  900  kw. 

The  same  type  of  protective  equipment  as  is  in- 
stalled in  the  main  generating  station  has  been  placed 
at  the  substations,  such  as  electrolytic  lightning  arresters, 
individual   choke   coils,   high-tension    station    wirin?   of 
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Swedish  iron,  special  electrolytic  cells  for  protection  of 
current  transformers,  high-frequency  arrester,  and  fly- 
wheel motor-generator  sets  in  duplicate.  In  addition,  the 
66  000  volt  oil  switches  for  the  incoming  duplicate  trans- 
mission line  are  equipped  with  reverse  power  relays. 

The  secondary  distribution  system  consists  of  two 
three-phase,  6600  volt  feeder  circuits  for  distributing 
power  to  a  number  of  mines  around  Iron  River,  and  also 
furnishing  energy  to  the  local  electric  light  and  power 
plant.  The  entire  system  is  built  in  duplicate,  thereby 
insuring  uninterrupted  service  to  the  mines. 

The  secondary  feeder  lines  have  also  been  equipped 
with  protective  devices  similar  to  those  on  the  main  high- 
tension  transmission  line.  The  special  protective  features 
embodied  in  these  secondary  distribution  lines  are  in- 
cluded under  items  0.  m.  11  and  12  as  classified  above. 


Power  is  transmitted  to  each  mine  substation  at  6600 
volts  and  is  there  transformed  to  2200  volts  for  general 
distribution  around  the  mine.  The  equipment  of  each 
of  these  secondary  substations  is  owned  by  the  power 
company  and  consists  of  three  single-phase,  oil-insu- 
lated, self-cooled  transformers,  of  a  capacity  corre- 
sponding to  the  particular  mine  load,  with  ample  reserve 
capacity  for  a  considerable  future  increase  of  this  load. 
The  equipment  comprises  an  automatic  oil  switch,  a  con- 
trol panel  with  all  necessary  instruments,  relays  and 
measuring  transformers,  and  a  complete  set  of  elec- 
trolytic lightning  arresters  and  choke  coils.  The  trans- 
formers are  delta-connected  on  both  the  6600  volt  and 
2200  volt  sides  to  provide  for  continuity  of  service  in 
case  of  damage  to  one  transformer. 

The  secondary  substations  carry  a  tyincal  mining 
load,  consisting  of  air  compressors,  pumps,  hoists, 
motor-generators  for  underground  haulage,  crushers,, 
blowers,  shop  motors  and  lighting  above  and  below  sur- 
face. Practically  all  the  larger  motors,  such  as  com- 
pressor, pump  and  hoist  motors,  are  operated  on  2200 
volts,  which  calls  for  only  a  comparatively  small  invest- 
ment on  the  part  of  the  mine  owner  in  step-down  trans- 
formers for  the  lighting  and  small  motor  load,  thereby 
maintaining  at  the  same  time  a  high  all-around  plant 
efficiency.  In  order  to  obtain  the  best  possible  voltage 
regulation  over  the  entire  system,  all  the  large  air  com- 
pressors are  equipped  with  synchronous  motors,  so  ad- 
justed as  to  give  a  range  of  power-factor  most  advan- 
tageous for  the  maintenance  of  a  steady  voltage.  The 
maximum  variation  in  voltage  in  the  distribution  system 
is  about  four  percent. 

The  economic  and  other  advantages  of  electric  drive 
for  mining  operations  have  been  fully  realized  in  the 
district  served  by  the  power  company,  as  is  evidenced 
not  onlj'  by  the  number  of  new  mines  with  electrical 
equipment  throughout,  but  also  by  the  mines  formerly 
operated  by  steam  which  are  now  changing  to  electric 
drive.  The  economy  effected  by  electric  over  steam 
drive  is  most  evident  on  the  pumping  operations. 

A  special  arrangement  has  been  made  by  the  power 
company  in  regard  to  the  large  hoists,  with  their  inter- 
mittent short-time  loads,  which  had  an  unfavorable 
■  influence  upon  the  total  load  factor  of  the  electric  mine 
installation,  on  which  the  rates  for  service  are  partly 
based.  The  new  arrangement  provides  that  all  the  large 
hoisting  motors  be  supplied  over  a  separate  set  of 
meters,  which  eliminates  the  elTect  of  the  intermittent 
heavy  hoisting  load  upon  the  meter  determining  the  load 
factor  of  the  mine,  and  thereby  allows  the  mine  to  earn  a 
lower  rate  for  power  than  would  otherwise  result.  The 
power  taken  by  the  hoist,  and  also  the  other  motors,  is 
not  charged  on  the  basis  of  the  actual  load  factor  ob- 
tained at  the  installation,  but  on  the  more  favorable 
basis  of  the  load  factor  obtained  by  that  portion  of  the 
load  exclusive  of  the  hoist. 


Watts  vs.  Wallpaper 


THE  EFFECTS  OF  INTERIOR  COLORS  AND  FINISHES  UPON  THE  LIGHTING  OF  ROOMS 


S.    G.   HiBBEN 

Consulting  Engineer, 
Pittsburgh,  Pa. 


WE  ALL  recognize  in  a  more  or  less  general  way 
that  dark-colored  walls  and  ceilings  absorb 
light,  and  that  white  or  nearly  white  surfaces 
are  good  reflectors.  But  unless  one  has  had  particular 
occasion  to  study  the  matter,  he  may  not  realize  how 
great  an  economy  in  the  cost  of  artificial  lighting  is 
being  overlooked  by  the  passive  acceptance  of  dark- 
colored  room  finishes,  or  how  it  depletes  his  pocketbook 
if  he  exercises  bad  judgment  in  the  selection  of  paint  or 
wallpaper. 

When  a  lighting  fixture  is  Inmg  in  an  office,  for  ex- 
ample, its  primary  object  is  to  ilUuninate  the  desks  or 
table  tops :  secondarily,  to  illuminate  the  faces  of  filing 
cabinets  or  bookshelves,  or  wall  pictures ;  and  finally,  to 
brighten  the  whole  room  with  a  moderate  intensity  for 
cheerfulness.  The  light  rays  that  do  any  or  all  of  these 
things  ma}'  be  classed  in  two  divisions, — those  rays 
reaching  the  illuminated  object  direct  from  the  lighting 
unit,  and  those  multi-reflected  rays  that  first  strike  the 
wall,  ceiling,  floor  or  furniture,  and  from  thence  are  sent 
eventually  to  the  desired  object. 

Now  ordinarily  a  great  deal  more  light  reaches  the 
walls  and  ceilings  than  strikes  the  desk  and  table  top 
direct.  If  this  "broadcast"  light  is  partially  reflected  to 
the  table,  even  though  half  of  it  be  absorbed  in  the  paint 
or  paper  that  it  first  strikes  on  the  walls  and  ceiling,  the 
remainder  will  approximately  double  the  direct  illumi- 
nation originally  received  by  the  talilc.  If,  when  using 
the  modern  types  of  semi-indirect  bowls  or  diffusing 
globes,  the  room  surfaces  reflect  75  percent  of  the  light 
striking  them,  then  the  direct  light  received  on  the  table 
will  be  increased  approximately  four  times  what  it 
would  be  if  the  surfaces  reflected  none  of  the  light.  If 
80  percent  is  reflected,  the  light  received  directly  will  lie 
increased  nearly  five  times,  etc. 

The  ratio  of  the  light  reflected  from  anv  surface, 
compared  to  that  which  strikes  it,  is  its  coefficient  of 
reflection.*  \\'ere  all  the  incident  light  reflected  the  co- 
efificient  would  be  i.oo.  "\\'hite  blotting  paper  has  a 
coefficient  of  about  0.83,  or  reflects  83  percent  of  the 
light  striking  it.  If  an  imaginary  room  were  considered 
shaped  as  a  sphere,  the  light  received  on  an  object  in 
that  room   would  be   equal   to  that    which   reached   the 


object  directly,  multiplied  l)v  the   factor 


where 


k  =  the  coeflicient  of  reflection  of  the  interior  room 
surface.  For  instance,  the  direct  illumination  on  a  desk 
in  such  a  room  may  be  3.0  foot-candles,  when  the  co- 
efficient of  reflection  averages  S7-5-    The  total  illumina- 


tion on  that  desk  (  when  aided  by  reflected  light  from  all 
surfaces)    will   theoretically  then  be  3.0  multiplied  by 


0-575 


3.0  X  2.3s 


7.05  foot-candles. 


Actually  the  measured  illumination  is  somewhat  less 
than  this  calculated  value,  because  of  the  ordinary  room 
being  a  rectangular  box  rather  than  a  sphere  in  shape, 
and  because  of  such  large  dififerences  between  reflecting 
efficiencies  of  the  floor  and  other  surfaces.  If  the  room 
were  cubical,  with  the  floor  reflecting  as  efficiently  as 
the  ceiling  and  walls,  then  the  actual  increases  of  illu- 
mination would  closely  a])proach  the'  theoretical  maxi- 
mum of  the  above  formula. t  In  any  event,  this  example 
will  suffice  to  show  how  greatly  the  direct  light  may  be 
increased  on  account  of  interior  colorings,  considering 
the  theoretical  maxinuim  possible  increases. 

Of  course,  no  room  is  colored  the  same  throughout. 
The  walls  will  be  darker  than  the  ceiling,  and  the  floor 
darker  than  the  walls.  Lighting  units  will  throw  dif- 
ferent amounts  of  light  to  ceilings  or  walls,  or  be  hung 
at  varying  positions.  Lender  such  variable  circum- 
stances it  is  better  to  measure  the  reflecting  coefficients 
of  the  surfaces,  and  make  tests  of  the  actual  illumina- 
tion under  the  working  conditions.  In  this  way  it  is 
possible  to  arrive  at  an  understanding  of  the  influence  of 
the  surface  finishes  and  colors  upon  the  illumination  in 
any  particular  case, — not  the  theoretical,  but  the  actual. 

The  writer  recently  conducted  an  investigation  of  the 
performance  of  several  different  types  of  standard  com- 
mercial lighting  fixtures  when  installed  in  a  typical  office 
room  measuring  16  by  21  ft.  with  an  11  ft.  ceiling.  The 
same  conditions  held  during  all  illumination  measure- 
ments, except  that  various  colors  of  wall  and  ceiling 
paints  were  itsed.  Some  valuable  information  may  be 
gathered  from  a  study  of  these  results.  For  instance,  in 
Table  I,  it  aj^pears  that  the  semi-indirect  styles  of  fix- 
tures are  considerably  dependent  upon  wall  colorings  for 
efficient  operation,  even  though  the  majority  of  the  light 
is  originally  directed  upward  to  the  ceiling.  Even  the 
complete  indirect  lighting  units  that  send  all  the  reflected 
light  originally  to  the  ceiling  are  materially  affected  by 
wall  colorings.  In  the  case  of  the  indirect  units  the  light 
is  diffused  and  reflected  back  first  from  the  ceiling,  but 
quite  an  appreciable  quantity  of  it  strikes  the  walls  on 
its  journey  to  the  table  top  or  useful  level.  From  Table 
II  it  is  seen  that  diffusing  globes  are  more  influenced  by 


*Also  termed  the  ".\lbedo"  of  the  surface. 
tCf.   "The   Box   Photometer,"  by  L.   O.   Grondahl ;   Trans. 
I.E.S..  XI,  2. 
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wall  colorings  than  are  the  other  types  of  glassware. 
This  is  naturally  so,  since  such  globes  send  as  much  or 
more  light  sideways  than  downward. 

The  influence  of  ceiling  colors  upon  the  efficiency  of 
indirect  and  semi-indirect  types  of  fixtures  may  be  seen 
in  Table  III,  where  it  appears  that  the  indirect  bowls 
are  affected  most,  the  dense  glass  bowls  considerably, 
and  the  more  translucent  bowls  the  least.  The  color 
change  is  relatively  slight,  cream  color  to  ivory  white, 
yet  the  increases  in  illumination  are  readily  noticeable. 

In  Table  IV  may  be  seen  the  combined  influence  of 
wall  and  ceiling  colors  upon  open-bottom  reflectors,  and 
the  difference  between  shallow  and  deep  reflector  shapes. 
Table  V  gives  the  combined  effects  of  ceiling  and  wall 
colors  on  the  indirect  and  semi-indirect  units.  The  large 
percentage  increases  speak  for  themselves. 

TABLE  I— EFFECTS  OF  WALL  COLORS  ON  THE 

TABLE-TOP  ILLUMINATION 

Indirect  and  Semi-Indirect  Lighting  Units 


Glassware  or  Fixture 


X-Ray  Bowl  No.  221-T,  E  150. 
"Moonstone"  Light  Opal  Bowl 

No.  6053 

"Ionian"  Dense  Opal  Bowl  No. 

6318 

"Sudan"  Dense  Opal  Bowl  No. 

3037  X 16 

"Parian"    Medium    Opal    Bowl 

No.  458 

"Sudan"  Dense  Opal  Bowl  No. 

3031  X 14 


Horizontal  Foot- 
Candles  of 
Illumination 


Light 
Green 
WaUs 


2.59 
3  09 
2  .40 
2  .72 
2.79 
2  .29 


Jersey 
Cream 
WaUs 


2.95 
3  64 

2-77 
3  22 
3  28 
2.78 


Increase 
Per 
Cent. 


13-9 
17.8 
154 
18.4 
17.6 
21.4 


Average  increase,  cream  over  green  walls,  17.4  percent.  The 
ceiling,  for  either  case  of  wall  color,  remained  the  same,  namely, 
ivory  white.  The  above  changes  in  illumination  are  therefore 
due  solely  to  wall  color.  Finishes  were  stippled  paint.  This 
same  condition  applies  to  Table  II. 

The  actual  coefficients  of  reflection  of  the  surfaces  in 
the  test  room  where  the  above  results  were  observed  are 
as  follows :— * 

Ivory  White  Ceiling 75.9  percent 

Jersey  Cream  Walls 69.0  percent 

Cream  Ceiling  67.0  percent 

Light  Green  Walls 42.2  percent 

Olive  Green  Base  Border 21. i  percent 

Maple  Floor  14.6  percent 

Mahogany  Woodwork  2.9  percent 

By  comparing  the  actual  measured  increases  of 
table-top  illumination  with  the  corresponding  increases 
in  the  efficiencies  of  the  surfaces  as  reflectors,  it  is  pos- 
sible to  arrive  at  an  approximate  means  of  predicting 
what  the  final  illumination  will  be  in  a  rectangular  room 
for  aijy  surface  colors  whose  reflecting  coefficients  have 
been  measured. 

For  example,  from  the  first  item  of  Table  I  it  is  seen 
that  the  measured  useful  illumination  in  the  typical 
office  room  is  2.59  foot-candles  from  an  indirect  unit 
when  the  walls  are  reflecting  42  percent  of  the  incident 


*The  reflected  light  being  measured  at  an  angle  of  30  de- 
grees from  the  normal.  Incident  light  (tungsten  lamp)  normal 
to  the  tested  surface. 


light.  The  illumination  is  2.95  when  the  walls  reflect 
69  percent.  Hence  the  increase  of  27  percent  in  the 
reflecting  power  of  the  walls  is  responsible  for  a  14  per- 
cent increase  in  useful  illumination.  Tabulating  the 
data  from  all  the  five  tables,  Table  VI  is  obtained. 

TABLE  II— EFFECTS  OF  WALL  COLORS  ON  THE 
TABLE-TOP  ILLUMINATION 
Totally  Enclosing  Diffusing  Globes 


Glassware 


'Parian"    Medium   Opal   Globe 

No.  7812 

'Chatham"    Light   Opal   Globe 

No.  2065 

'DeUca  White"  Opal  Globe  No. 

775 

'Dehca  White"  Opal  Globe  No. 

748 


Horizontal  Foot- 
Candles  of 
Illumination 


Light 
Green 
Walls 


2.47 
2  49 
2  65 
2.03 


Jersey 
Cream 
Walls 


3.18 
3  >9 
3-24 
2  .60 


Increase 
Per 
Cent. 


22  .3 
28.1 


-Average   increase,   cream   over   green   walls,   26.8   percent. 
Ceiling  in  both  cases  of  wall  color  was  ivory  white. 

TABLE  III— EFFECTS  OF  CEILING  COLORS  ON  THE 

TABLE-TOP  ILLUMINATION 

Indirect  and  Semi-Indirect  Lighting  Units 


Glassware  or  Fixture 


'Cora"   Cased   Opal   Bowl  No. 

No.  12701^ 

'Moonstone"  Light  Opal  Bowl 

No.  6053 

'Sudan"  Dense  Opal  Bowl  No. 

3037  X 16 

'Ionian"  Dense  Opal  Bowl  No. 

6318 

'Lenox"  Light  Opal  Bowl  No. 

3018 

'  Delica  White  "  Cased  Opal  Bowl 

No.  8077 

'X-Ray"     Indirect    Bowl    No, 

221-T,  E-150 

'Sudan"  Dense  Opal  Bowl  No. 

3031  XI4 


Horizontal  Foot- 
Candles  of 
Illumination 


Medium 
Cream 
Ceiling 


2  .76 
2.88 
2  .40 
2  .01 
2.86 
2  .72 
2  .16 
2.14 


Ivory 
White 
Ceiling 


3  03 
3  09 
2  .72 

2  .40 

3  07 
2.96 
2  59 
2  .29 


Increase 
Per 
Cent. 


Average  increase,  ivory  white  over  cream  ceiling,  11.6  per- 
cent.   Walls,  in  both  eases  of  ceiling  color,  a  light  green. 

TABLE   IV— COMBINED   EFFECTS   OF   CEILING   AND 

WALL  COLORS  ON  TABLE-TOP  ILLUMIN.\TION 

Open-Bottom  Diffusing  Glass  Reflectors 


Glassware 

Horizontal  Foot- 
Candles  of 
Illumination 

Increase 

Cream 
Ceiling 
Light 
Green 
Walls 

Ivory- 
White 
CeiHng 
Cream 
Walls 

Per 

Cent. 

"Alba"  Shade  No.  3463 

"Chatham"  Shade  No.  2008.  . .  . 

2.35 

2.85 

2.92 
3  20 

24 -3 
12.3 

The  first  reflector,  of  a  shallow-bowl  type,  allows  more 
direct  light  to  strike  the  walls.  The  second,  of  a  deep-bowl 
shape,  allows  less  light  to  strike  the  walls  and  is  least  influenced 
by  the  surroundings. 
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TABLE   V— COMBINED    EFFECTS    OF    CEILING    AND 
WALL  COLORS  ON  TABLE-TOP  ILLUMINATION 


Glassware  or  Fixture 


'X-Ray"  Bowl  No.  221-T,  E150 
'Moonstone"  Light  Opal  Bowl 

No.  6053 

'Ionian"  Dense  Opal  Bowl  No. 

6318 

'Cora"  Cased  Opal  Bowl,  No 

1394 J^ 

'Sudan"  Dense  Opal  Bowl  No 
3037 X  16 

'Sudan"  Dense  Opal  Bowl  No, 
3031  X 14 


Horizontal  Foot- 
Candles  of 
Illumination 

Increase 
Per 

cent 

Cream 
Ceiling 
Light 
Green 
Walls 

Ivory- 
White 
Ceiling 
Cream 
Walls 

2.16 

2.95 

36.6 

2.88 

3.64 

26.4 

2.01 

2.77 

37.8 

2.95 

3  70 

25 -4 

2  .40 

3-22 

34-2 

2.14 

2.78 

29.9 

indirect  or  semi-indirect  lighting  units,  but  also  the  wall 
colors  must  be  reckoned  with,  for  the  walls  have  a 
larger  influence  upon  the  final  illumination  than  is  com- 
monly supposed. 

The  use  of  the  Mazda  C  lamps  in  small  room  lighting 
has  extended  greatly  the  application  of  the  indirect  and 
TABLE  VIII— TYPICAL  ROOM  FINISHES 


Average  increase,  light-colored  over  original  interior.  31.7 
percent. 

TABLE  VI— COMPARISON  OF  TABLES  I-^' 


Percent  Increase 
in  Reflecting 
Coefficients 

Percent 
Increase 

in 

Useful 

[Uumination 

Of 
Ceiling 

Of 

Walls 

Table      I — Bowls. 

9 
9 
9 

27 
27 

27 

27 

17  4 
26.8 
II. 6 
12  to  25 
317 

Table    II — Globes 

Table  III— Bowls 

Table  IV— Shades  . 

Table     V — Bowls 

Building 

Room 

Surface 

Percent 
Efficiency 

of 
Reflection 

H.  W.  Oliver    Build- 
ing. 

Typical  Outside .  .  . 

Corridors  and  Toil- 
ets 
Test  Room  No.  1316 

Green  Walls 

Olive  Dado 

Mahogany  Trim . . . 

White  Marble 

Maple  Floor 

Ivory  White  Ceil'g. 
Jersey  Cream  Walls 

42.2 
21. 1 
2.9 
61.8 
14.6 
75-9 
69.0 

Century  Building 

Corridors 

2d  Floor  Show  Rm. 
Typical  Outside 

Buff  Walls 

Dark  Red  Dado  ,  . . 
Light  Green  Walls. . 
Med.  Cream  Walls 

S6.3 
7.0 
25.2 
56.3 

Westinghouse  Build- 
ing 

Corridors 
Typical  Room 
Electric  Journal 

White  Marble 

Dull  Green  Walls.. 
Med.  Green  Walls.. 

S6.3 
IS.S 
16.7 

Keenan  Building 

Typical  Office 
Chamber  of  Com'ce. 

Cream  Walls 

Light  Cream  Ceil'g. 
Dark  Green  Walls . . 

«l.8 
67. 5 
8.S 

Carnegie  Building 

Typ'l  Outside  Rm. 
Inside  Room 

Gray-Green  Walls. . 
Lemon-Yel.  Walls.  . 

49. S 

70.2 

Frick  Building 

Typ'l  Outside  Off'ce 
F.  H.  Heywood  Off. 

Medium  Buff 

Cream  Walls 

Dark  Cream  Dado. 

57. S 
67. S 
53.4 

semi-indirect  types  of  fixtures.  Heretofore  much  em- 
phasis has  been  put  upon  the  value  of  efficient  ceiling 
colors  in  order  to  redirect  the  upward  reflected  light 
back  towards  the  floor,  but  little  has  been  said  of  the 
influence  of  the  walls  upon  the  results  obtainable  with 


TABLE 

VII— LIGHT 

REFLECTING  POWERS  OF 

VARIOUS  COLORED  SURFACES. 

SURFACE 

Composition  by  Percent  Weight 

Comparative  Coefficients  of  Re- 
flection 

0 

3 

c 

1 

E 

c 

J3 

is 

Ip 

0 

s 

ill 

IP 

u 

e3 
0 

0 

Incident  Light  at  45  degree! 
Clear  Tungsten  Lamp 
Flat  White  Taken  as  100  Percent 

Normal  to 
Surface 

45°  Angle  to 
Surface             I 

Coeff.     1    Rank 

Coeff. 

Rank 

Enamel  W  bite 

"Moo 

ranel" — 100  t 

ercent      ...     I     ... 



no      i        I        1      122 

I 

Bare  Plaster 

1 

106        1           2           1        III 

2 

Flat  White 

1 

... 

100 

lO'l 

^          1        100 

4 

Ivory  White 

1    ... 

0.9 

...     99.1 

99 

4                 108 

3 

Light  Buff  Ceiling 

1.60 

13. 54  84.1 

0.76 

... 

88 

5                  91 

S 

Light  Green  Ceiling 

1.6.S 

10.81    87.3 

... 

0.092 

0.182 

85 

6                88 

6 

Yellow  Ceiling 

1.60 

83 

7                 85 

7 

Light  Grey 

1.62 

12,19   86. IS 

... 

... 

0.043    ... 

79 

8                 84 

8 

Buff  CeiHng 

I. S3 

13.34  80,8 

... 

4.37 

79 

8                83 

9 

Medium  Buff  Wall 

1.50 

17. S4  79. I 

0.14 

1.44 

0.32 

77 

9                80 

10 

Dark  Grev 

1. 59 

... 

62 

10 

66 

II 

Medium  Green  Wall 

1-55 

13. 9S   81   0 

... 

2.51 

54 

II 

S8 

12 

Dark  BufT  Dado . 

1.39 

IS. 57   7J.'; 

0.86 

6.72 

II 

57 

13 

Straw  Green 

1-37 

16.21 

72.3 

2.15 

7.66 

... 

2.28 

45 

12 

48 

IJ 

Dark  Green  Dado. 

1-47 

10. 6g 

78.0 

2.95 

6.89 

38 

13 

Before  attempting  to  generalize,  the  author  would 
prefer  more  extensive  data,  but  it  appears  from  these 
tests  that  where  diflfusing  globes  are  used  to  illuminate  a 
moderate-sized  rectangular  room  the  useful  illumination 
will  be  increased  by  a  percentage  nearly  equal  to  the 
increase  in  the  reflecting  coefficient  of  the  walls.  Where 
semi-indirect  bowls  are  used,  the  illumination  is  in- 
creased by  a  percentage  roughly  one-half  that  of  the 
increase  in  wall  reflection,  and  by  a  percentage  equal  to 
or  a  little  greater  than  the  increase  in  ceiling  reflection. 

One  fact  stands  out  prominently.  Not  only  must  the 
reflecting  values  of  the  ceiling  be  considered  when  using 


such  fixtures.  If  the  semi-indirect  bowl  is  of  medium 
or  light  density  glass,  the  wall  colors  should  be  given 
nearly  as  much  weight  as  the  ceiling  colors  if  best  ulti- 
mate efficiency  is  sought. 

A  word  of  caution  should  be  given,  to  warn  against 
the  use  of  enameled  or  glazed  surfaces  when  painting 
office  rooms,  for  only  in  extreme  cases  do  such  finishes 
increase  the  useful  illumination,  and  in  nearly  every 
case  they  cause  glare,  specular  reflections  and  unpleas- 
ant interiors.  The  common  method  of  obtaining  the 
matt  or  stippled  paint  finish  is  by  the  use  of  a  short- 
bristle  wire  brush  applied  to  the  surface  before  the  paint 
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is  dry.  Data  as  to  the  compositions  of  some  common 
paint  mixtures  and  the  values  of  the  various  mixes  as 
light  reflectors  are  given  in  Table  VII.*  What  has  been 
said  about  paints  will  apply  equally  well  to  wall  papers. 
The  residence  owner  is 
needlessly  extravagant  who 
uses  dark  paper,  and  then 
pays  for  larger  lamps  and 
more  wattage  than  would 
otherwise  be  necessary. 

In  every  city  and  in  every 
building  there  are  wide 
ranges  of  colors  used  in 
ofifice  and  similar  rooms.  A  few  typical  examples  in  the 
citv  of  Pittsburgh  are  given  in  Table  \'III.    Some  colors 


FIG.    I — POSITIOX   OF   PHOTO- 
METER  FOR   RE.^DI^-GS    GIVEN 
IN  T.\BLE  VII 


as  listed  above,  or  found  in  use,  are  a  great  deal  darker 
than  seems  necessary  or  advisable.  It  is  not  advocated 
that  rooms  be  finished  in  white,  for  in  addition  to  the 
difficulty  of  maintenance,  the  tiring  effects  upon  the  eyes 
would  condemn  this  color.  But  it  is  advocated  that 
where  walls  reflect  less  than  50  percent  of  the  incident 
light,  and  ceilings  less  than  70  percent,  the  owner  or 
tenant  look  towards  a  color  change.  It  is  more  than 
likely  that  an  appreciable  savings  in  the  cost  for  lighting 
can  thereby  be  effected,  and  the  operating  costs  reduced 
without  sacrificing  artificial  illumination.  Furthermore, 
the  daylight  illumination  will  be  correspondingly  in- 
creased and  the  hours  of  artificial  lighting  shortened. 


*An  investigation  directed  by  Mr.  F.  H.  He.N-^vood.  Union 
Arcade,  Pittsburgh. 


Automatically-Controlled  Feeder  Voltage 

Regulators 


E.  E.  Lehr  and  I.  C.  Mixick 


INDUCTIOX-TYPE  feeder  voltage  regulators  have 
come  into  general  use  by  central  station  operating 
companies,  and  the  installation  of  this  type  of  regu- 
lator tends  to  keep  pace  with  the  growth  in  alternating- 
current  feeder  lines  and  distribution  networks,  particu- 
larly on  the  systems  of  the  larger  stations.  With  the 
continuous  increase  and  extension  of  distributing  sys- 
tems, especially  for  supplying  lighting  service  to  outlying 
residential  districts,  the  installation  of  feeder  regulators 
has  proven  a  necessity  for  maintaining  constant  voltage 
at  distributing  centers,  aside  from  any  other  advantages 
that  may  accrue  from  their  use.  Under  such  conditions 
it  is  found  that  considerably  less  expense  is  incurred 
in  the  maintenance  of  constant  voltage  at  the  distrib- 
uting center  by  means  of  feeder  regulators  than  by  the 
addition  of  line  copper.  In  fact,  the  addition  of  line 
copper  cannot  eliminate  the  line  drop  and  is,  therefore,  a 
very  inefficient  way  of  improving  the  regulation.  For 
example, — assume  a  feeder  ha^^ng  ten  percent  voltage 
drop  at  full  load  due  only  to  the  resistance  of  the  line. 
If  copper  were  added  so  as  to  double  the  total  line  cop- 
per, the  line  drop  would  only  be  reduced  from  ten  to  five 
percent.  Since  some  of  the  drop  is  necessarily  due  to 
the  inductance  of  the  line,  the  improvement  in  regulation 
would  be  even  less. 

In  addition  to  the  immediate  requirement  of  main- 
taining constant  voltage  at  the  supply  end  of  the  feeder 
in  order  to  provide  satisfactory  service,  the  proper  ap- 
plication of  induction  regulators  results  in  direct  benefits 
to  the  central  station.    These  benefits  are : — 

I — The  increased  revenue  derived  from  the  increased  watt- 
age consumption  of  lamps,  heating  apphances  and  other  povirer- 
consuming  devices  when  the  voltage  is  held  normal  during  peak- 
load  periods. 

2 — The  increased  life  of  incandescent  lamps  when  not  sub- 
jected to  over-voltage  which  frequently  occurs  at  periods  of 
light  load. 


S — Tlie  possibility  of  increasing  the  load  on  normally  loaded 
feeders  without  the  necessity  for  adding  heavier  conductors  to 
neutralize  the  voltage  drop. 

Because  of  the  increasing  importance  of  the  feeder 
regulator,  a  considerable  amount  of  engineering  investi- 
gation and  experimental  work  has  been  carried  out  with 
a  view  to  the  further  improvement  of  the  induction-type 
regulator  from  the  operating  standpoint.  Refinements 
of  certain  details  of  design  have  been  made,  resulting  in 
improved  electrical  efficiency,  simplification  of  acces- 
sories for  automatic  control  and  increased  reliabilit}'  in 
service. 

Following  the  tendency  in  other  lines  of  power  ap- 
paratus, steel  has  been  substituted  for  cast  iron  where 
practicable.  Single-phase  units  of  the  more  commonly 
used  sizes  are  now  built  with  the  so-called  frameless 
type  construction  which  is  largely  used  for  induction 
motors.  With  this  type  of  construction,  the  cross- 
section  of  the  magnetic  circuit  is  increased  without  in- 
creasing either  the  size  of  other  parts  or  the  floor  space, 
but  the  iron  loss  and  exciting  current  are  correspond- 
ingly reduced. 

A  regulator  of  recent  design  is  shown  in  Fig.  i.  re- 
moved from  the  tank  in  which  it  is  immersed  in  trans- 
former oil  for  operation,  and  the  regulator  mounted 
in  a  sheet-steel  cast-in  tank  is  shown  in  Fig.  2.  This 
regulator  has  a  laminated  steel  stator  core  assembled  and 
rigidly  clamped  between  steel  end  plates  by  heavy  steel 
rods  passing  longitudinally  through  the  core  at  the  cor- 
ners of  the  punchings.  This  forms  a  compact  unit,  of  a 
convenient  .shape  for  winding.  Fig.  3  shows  the  core 
after  the  stator  windings  are  in  place. 

The  primary  core  or  rotor  is  likewise  built  of  steel 
punchings,  these  being  assembled  on  a  cast-iron  spider 
and  clamped  between  finger  plates,  as  shown  in  Fig.  4. 
This  spider  is  pressed  on  a  heavy   steel   shaft  having 
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ground  bearing  surfaces.  For  small  regulators  the 
punchings  are  built  up  directly  on  the  shaft.  The  copper 
loss  in  the  short-circuit  windings  of  single-phase  regu- 
lators of  the  type  shown  has  also  received  attention.  In- 
stead of  using  one  or  a  few  turns  of  a  solid  or  bare 


FIG.    I — AUT0M-\TIC.\UL\-(.UMROI  LED     INDUCTION-TYPE 
FEEDER  vol  T  \(  I    REi  I  I  \TOR 

W'itli  tank  removed. 
Stranded  conductor,  many  turns  of  small-sized  enamel 
wire  are  used  and  a  material   reduction  in  the  loss  is 
effected. 

Open  slots  are  used   in   both  the   rotor  and   stator 
punchings    except    for    the    short-circuit    windings    of 


Brake  Magnet 
Brake  Whee 
Worm   Segment 
Secondary  Relay 


~  Operating 
Motor 


FIG.   2 — .\UTOM.\TIC.^LLY-CONTRO[.I,ED   REGULATOR 

Mounted  in  a  sheet-steel  cast-in  tank, 
single-phase  regulators.     Here  no  advantage  is  gained 
by  the  use  of  form-wound  insulated  coils,  and  partially 
closed  slots  are  therefore  used  to  reduce  the  magnetizing 
current  as  much  as  possible.     The  form-wound  coils  are 


held  in  position  by  hard  fiber  wedges  in  small  grooves  at 
the  top  of  the  slots,  as  shown  in  Fig.  4. 

To  prevent  vibrations  which  would  otherwise  occur 
in  single-phase  regulators  because  of  the  magnetic 
action  between  the  rotor  and  stator  cores,  special 
methods  of  machining  the  end  frames  and  bearings  are 
employed  to  secure  perfect  alignment  of  the  bearings 
and  accurate  centering  of  the  rotor  shaft.  The  stator 
punchings  with  end  plates  are  carefully  built  up  on  an 
expanding  mandril  and  riveted  together.    Before  remov- 


FIG.   3 — LAMINATED   STEEL    ST.VTOR   CORE 

With  the  stator  windings  in  place, 
ing  the  mandril  the  stator  is  placed  in  a  lathe  and  finish- 
ing cuts  are  taken  on  the  bearing  surface  between  the 
stator  and  brackets,  thus  insuring  the  best  possible  align- 
ment and  a  uniform  air-gap.  Also  a  heSavy  rotor  shaft 
with  long  bearing  surfaces  is  used  ta  secure  rigidity. 
These  features  of  design  have  successfully  overcome 
vibration,  and  the  modern  regulator  operates  quietly  and 
presents  no  difficulties  due  to  vibration. 

Regulators  operate  in  most  cases  under  severe  condi- 
tions as  regards  both  voltage  and  mechanical  strain  on 
the  insulation  of  the  coils.  Unlike  most  other  types  of 
power  apparatus,  the  regulator  carries  the  entire  load 
on  the  feeder  through  its  secondary  winding  and  fre- 
quently has  no  protection  other  than  an  oil  circuit- 
breaker.  It  is,  therefore,  subject  to  voltage  strains  from 
surges,  static  or  other  line  disturbances,  and  in  addition 
the  secondary  coils  receive  the  mechanical  shocks  result- 
ing from  heavy  current  rushes  due  to  short-circuits  oc- 


FIG.  4 — PRIMARY  CORE  OR  ROTOR 

Laminated  and  assembled  on  cast-iron  spider, 
curring  on  the  line.  If  the  regulator  is  installed  in  or 
near  the  generating  station,  the  rush  of  current  through 
the  secondary  coils  during  a  short-circuit  may  reach  an 
excessive  value  and  result  in  violent  mechanical  forces 
n  the  windings,  tending  to  distort  the  coils  and  badly 
injure  the  insulation. 

Because  of  the  severe  service  conditions  the  coils  of 
feeder  regulators  are  form-wound  and  very  carefully 
insulated,  especial  care  being  taken  to  secure  sufficient 


334 


THE    ELECTRIC   JOURNAL 


mechanical  strength  to  resist  bending  or  twisting  under 
strain.  The  tendency  of  a  heavy  surge  of  current  pass- 
ing through  the  stator  winding  is  to  bend  the  ends  of  the 
coils  extending  beyond  the  core  slots  backward  away 
from  the  rotor.  Such  bending  would  result  in  cracking 
the  impregnated  insulating  materials  and  probably  lead 
to  a  failure  of  the  insulation  of  the  coils  to  the  iron  core 
or  short-circuit  a  number  of  the  turns  in  the  coil.  To 
strengthen  the  coils  against  distortion  from  current 
rushes,  a  recent  improvement  is  to  use  bracing  rings 
formed  from  steel  rod  of  circular  cross-section  thor- 
oughly insulated,  which  are  securely  bound  over  the  ends 
of  the  coils,  as  shown  in  Fig.  3.  These  rings  add  a  high 
degree  of  stiffness  to  the  coils  and,  therefore,  increase 
the  factor  of  safety  of  the  regulator  against  failure  in 
operation.  The  installation  of  preventive  reactances 
connected  in  series  with  the  feeder  wires  on  the  load 
side  of  the  regulator  will  also  prove  a  valuable  safe- 
guard on  many  circuits.  When  a  short-circuit  occurs 
near  the  station  on  a  feeder  connected  to  the  bus-bar  of 
a  large  generating  plant,  the  instantaneous  current  which 
may  flow  is  so  large,  and  the  resulting  magnetic  stresses 
in  the  windings  are  so  great,  that  it  is  not  practical  to 


FIG.    5 — CONTROL   DI.\GRAM    OF   AUTOMATICALLY-CONTROLLED 
REGULATOR 

With  auxiliary  relay  mounted  separately, 
provide  sufficient  protection  within  the  regulator  to  take 
care  of  these  enormous  stresses.  For  such  conditions 
separate  current  limiting  reactances  should  be  provided. 
These  are  desirable  not  only  to  protect  the  regulator,  but 
also  to  protect  the  feeder  itself  against  extremely  de- 
structive short-circuits. 

The  latest  regulators  are  automatically  controlled  by 
means  of  a  voltage  regulating  primary  relay  and  an  elec- 
trically-operated motor  switch  commonly  called  an  aux- 
iliary or  secondary  relay.  A  line  drop  compensator  with 
the  necessary  current  transformer,  and  a  voltage  trans- 
former for  reducing  the  line  voltage  to  a  value  suitable 
for  the  primary  relay,  are  the  accessories  normally  re- 
quired for  automatic  operation. 

In  order  to  simplify  the  control  wiring,  and  thus 
lessen  the  chance  for  failure  in  the  control  circuit,  a 
modification  of  the  secondary  relay  has  been  recently 
made  whereby  the  limit  switch  used  to  stop  the  motor, 
in  case  of  failure  of  one  of  the  relays,  and  thus  prevent 


overtravel  of  the  regulator,  is  incorporated  as  a  part  of 
the  relay,  and  the  whole  is  mounted  on  the  regulator  top 
cover.  Formerly  the  limit  switch  was  mounted  on  the 
regulator  cover  and  the  auxiliary  relay  was  mounted  sep- 
arately. It  is  possible,  even  with  a  separately  mounted 
auxiliary  relay,  to  use  but  five  control  wires  to  the  regu-" 
lator,  but  the  motor  would  not  have  the  protection 
against  burnouts  that  is  provided  by  the  above  connec- 
tions. With  separate  relays  and  but  five  control  wires, 
if  the  regulator  is  turned  back  so  as  to  start  to  close  the 
limit  switch  again  after  the  limit  switch  trips,  it  is  pos- 
sible to  stop  the  regulator  with  the  limit  switch  in  such  a 
position  that,  when  an  attempt  is  made  by  means  of  the 
relay  to  operate  the  regulator  in  one  direction,  single- 
phase  current  only  will  be  connected  to  the  motor,  and  as 
the  motor  will  not  start  it  may  be  burned  out. 

When  the  connections  are  as  shown  in  Fig.  5,  the  limit 
switch  is  so  constructed  that  the  circuits  from  5  to  14 
and  from  5  to  //  are  always  opened  before  the  circuits 
from  6  to  12  or  from  6  to  /j  are  opened.  In  closing, 
the  reverse  action  takes  place,  i.  e.,  the  circuits  5  to  14 
or  5  to  //  close  last.  Since  the  operating  coils  of  the 
auxiliary  relay  get  their  current  through  leads  14  or  // 
the  auxiliary  relay  cannot  operate  until  the  circuits  are 


FIG.  6 CONTROL   DIAGRAM   OF   AUTOMATICALLY-CONTROLLED 

REGULATOR 

With  auxiliary  relay  mounted  with  limit  switch  on 
regulator  cover. 

completed  so  that  single-phase  current  alone  cannot  be 
connected  to  the  motor. 

In  Fig.  6  is  shown  the  control  diagram  of  the  auto- 
matically-controlled regulator,  shown  in  Figs,  i  and  2. 
Five  control  wires  only  are  brought  out  from  the  relay, 
but  the  motor  is  protected  from  the  possibility  of  having 
single-phase  current  connected  to  the  motor  (except  as 
a  result  of  a  defective  supply  circuit  or  defective  ap- 
paratus), since  the  motor  is  stopped  by  interrupting  the 
current  to  the  operating  coil  of  the  auxiliary  relay. 
Regulators  are  frequently  operated  (especially  when 
being  installed)  by  pushing  in  the  auxiliary  relay  con- 
tacts by  hand.  Since  the  opening  of  the  circuit  to  the 
operating  coil  would  not  stop  the  motor  in  this  case,  it 
would  be  possible  for  the  regulator  to  overtravel  and 
jam  the  worm.  To  prevent  this  a  device  is  arranged  to 
mechanically  open  the  auxiliary  relay  contacts  if  for  any 
reason  the  auxiliary  relay  does  not  open  when  the  cir- 
cuit to  the  operating  coil  is  opened. 


Efficiency  Tests  of  a  30000  Kw  Cross- 
Compound  Steam  Turbine 

H.  G.  Stott  and  W.  S.  Finlay 

IN  THE  JouRNAt  for  June,  1915,  Mr.  M.  C.  McNeil  gave  a  description  of  the  30000  kw  turbogenerating 
sets  which  were  at  that  time  being  installed  in  the  Seventy-fourth  Street  Power  Station  of  the  Interborough 
Rapid  Transit  Company.  The  following  article,  in  the  form  of  extracts  from  a  paper  presented  by 
Messrs.  H.  G.  Stott  and  W.  S.  Finlay  before  the  American  Society  of  Mechanical  Engineers,  May,  1916, 
together  with  additional  points  presented  in  the  discussion  by  the  authors,  gives  complete  test  data  with 
regard  to  the  operating  efficiencies  of  what  is  at  once  the  largest  and  most  efficient  units  which  have  yet 
been  tested. —  [Ed.] 


THE  determining  factors  in  the  selection  of  power 
generating  equipment  present  about  as  many  vari- 
ables as  there  are  installations.  Engineering  ex- 
perience has  practically  standardized  the  electrical  end. 
The  steam  engine,  on  the  other  hand,  does  not  seem  to 


tions  involved  will  possibly  serve  to  classify  the  installa- 
tion properly.  The  prospective  daily  plant  load  could  be 
best  provided  for  by  units  of  30  000  kw  maximum  con- 
tinuous capacity  each.  Economic  considerations  war- 
ranted the  withdrawal  of  the  horizontal-vertical  double 


-THREE    30000    KW    TURBINES    INSTALLED    IN    THE    SEVENTH 
INTERBOROUGH  RAPID  TRA^^SIT  CO! 


have  been  capable  of  such  standardization,  as  engineers      cross-compound  englue-geWerator  sets  installed  at  that 
are  not  agreed  as  to  the  most  desirable  superheat,  pres- 
sure, etc.,  which  must  be  considered  both  from  the  stand- 
point of  reliability  and  boiler  and  engine  economy.    This 


thought  is  more  than  ever  pertinent  at  this  time,  as  it 
appears  that  we  are  on  the  eve  of  the  employment  of 
higher   pressures    and    perhaps    even    new    systems    of 


time,  and  their  replacement  by  more  eflfcient  and  larger 
units. 

The  generally  accepted  essential  requirements  of  a 
railroad  plant  were  the  next  considerations,  viz.,  reli- 
ability, efficiency  and  cost.  In  the  development  of  tur- 
bine design,  at  the  time^the  installation  was  being  con- 


power  generation.    Further,  the  capacity  of  the  machine      sidered,  possibly  the  sim^fett  type  of  machine  was  the 


to  be  selected  and  the  relation  of 
consumption  to  maximum  continue 
for  heavy  overloads  for  limited  per 
on  load  factors,  diversity  factors, 
new  problem  for  every  installa 
Without  detailing  at  lengt! 
led  to  the  selection  of  three 
Seventy-fourth  Street  Station 


oint  of  best  steam 
load  and  provision 
s  are  all  dependent 
,  which  present  a 

.derations  which 

units   for  the 

Interborough  Rapid 


Transit  Company,  a  brief  summation  of  the  main  ques- 


single-shaft,  single-rotating" element  turbine  as  a  natural 
outgrowth  of  the  generally  accepted  type  developed  in 
smaller  capacities.  Certain  structural  features,  however, 
inherent  with  the  larger  capacity,  tended  to  favor  the 
division  of  the  unit  into  two  elements. 

In  a  steam  turbine,  maximum  centrifugal  stresses  are 
encountered  at  the  exhaust  end,  where  the  greate^^eam 
volume  requires  the  greatest  blade  area.  In  th^SRigh- 
pressure   blading   which   uses   steam    of    sml^  specific 
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volume,  the  best  velocity  ratio  conducive  to  high  econ- 
omy cannot  be  met  by  the  rotative  speed  as  determined 
by  the  exhaust  end.  To  avoid  a  compromise,  the  condi- 
tions are  more  readily  satisfied  by  carrying  out  the  ex- 
pansion in  two  separate  elements,  and  avoiding  conges- 
tion due  to  the  high  specific  volume  of  the  steam  at  one 
inch  absolute  exhaust  pressure  by  the  use  of  the  lower 
speed,  longer  blades  and  the  double-flow  principle.  In 
the  matter  of  efficiency  the  double  unit  offered  still  more 
desirable  possibilities,  prominent  among  which  was  the 
relative  flatness  of  its  water  rate  characteristic. 

Reliability  also  seemed  better  served  in  the  double 
element  machine  by  the  shorter  shaft,  and  reduction  of 
danger  from  temperature  strains.  Furthermore,  there 
was  the  possibility,  in  an  emergency,  of  operating  either 
element  of  the  unit  alone,  and  that  at  a  fairly  high 
efficiency,  the  low-pressure  element  being  available  for 
service  simply  by  the  use  of  a  bypass.  The  use  of  the 
high-pressure  end  alone  in  the  case  of  a  bad  breakdown 
on  the  low-pressure  end  was  to  be  obtained  by  removing 
the  low-pressure  rotor  and  closing  tlic  shaft  openings 
with  special  covers. 

An  extremely  important  consideration,  favoring  the 
divided  unit  in  this  particular  case,  was  the  matter  of  the 
weight  of  the  parts  to  be  handled  by  the  crane  which,  in 
the  case  of  the  single  unit,  involved  provision  for  addi- 
tional crane  capacity  beyond  that  then  available  at  the 
plant.  To  take  care  of  such  additional  requirements 
would  have  necessitated  the  installation  not  only  of  a 
new  crane,  but  reinforcements  of  the  steel  work  of  a 
most  elaborate  nature  and  far  in  excess  of  that  required 
for  use  in  connection  with  the  double  unit. 

The  group  of  complete  units  is  shown  in  Fig.  i,  the 
high-pressure  element  with  its  governing  apparatus 
being  in  the  foreground.  This  element  is  practically  a 
typical  single-cylinder  reaction  turbine,  containing  38 
rows  of  blades.  The  low-pressure  element  in  the  back- 
ground is  a  turbine  of  the  double-flow  type.  Each 
turbine  was  erected  upon  a  foundation  of  steel  frame- 
work set  in  concrete,  the  steel  structure  alone  being 
amply  sufficient  for  support,  the  concrete  being  added  to 
eliminate  vibration.  Inasmuch  as  the  high-pressure  rotor 
was  inherently  of  small  diameter,  it  was  possible  to  de- 
sign it  to  operate  at  the  maximum  speed  possible  for  25 
cycle  service,  i.  e.,  1500  r.p.ni.  The  low-pressure  turbine 
was  designed  for  the  next  lower  synchronous  speed, 
namely,  750  r.p.m.,  utilizing  a  four-pole  generator. 

The  surface  condensers  which  occupy  most  of  the 
open  space  beneath  the  foundation  framework  consist 
each  of  two  shells  containing  25  000  sq.  ft.  of  condensing 
surface  apiece.  The  condenser  shells  are  connected  di- 
rectly to  the  turbine  outlets  without  an  intermediate 
expansion  joint.  The  weight  of  the  condensers  is  car- 
ried by  means  of  lugs,  cast  as  a  part  of  the  shell,  resting 
upon  a  number  of  spring  jacks,  which  are  adjusted  to 
carry  the  load  without  appreciable  strain  upon  the 
turbine  exhaust  nozzles.  Practically  no  restraint  has 
been  put  upon  longitudinal  expansion  of  the  low-pres- 
sure turbine  by  the  circulating  water  piping,  which  is 


fitted  with  rubber  expansion  joints.  There  is  one  expan- 
sion joint  of  copper  in  the  steam  equalizing  pipe  between 
the  shells. 

The  condenser  auxiliaries  were  selected  and  in- 
stalled with  the  prime  factor  of  reliability  continually  in 
mind.  The  turbine-driven  tri-rotor  circulating  pumps  of  ^ 
3j  500  gal.  per  min.  capacity  each  were  installed  in  du- 
plicate, the  reliability  consideration  being  augmented  by 
one  of  efficiency  in  the  matter  of  the  relative  require- 
ments for  winter  and  summer  use;  during  the  winter 
months  with  cold  water  one  pump  is  sufficient,  but  dur- 
ing the  summer  months  high  water  temperatures  necessi- 
tate two  units.  The  hot  well  pumps  were  also  installed 
in  duplicate.  A  single  rotary  dry  vacuum  pump  was  pro- 
vided for  each  unit,  with  sufficient  capacity  to  handle  the 
dry  air  from  two  units,  cross  connections  being  provided 
for  the  purpose. 

The  turbines  are  equipped  with  water-sealed  glands. 
The  gland  water  system  has  a  small  centrifugal  turbine- 
driven  pump  for  each  unit,  the  piping  for  all  of  which  is 
cross  connected  through  a  common  header.  The  water 
used  for  the  turbine  oil  coolers  returns  the  heat  which 
is  thus  regained  by  way  of  the  feed  water  heaters.  The 
return  of  heat  from  the  oil  coolers  amounts  to  nearly 
one  percent  of  the  total  heat  in  the  turbine,  and  the  heat 
in  the  air  from  the  turbine  generators,  which  amounts  to 
about  one  percent,  is  also  returned  by  carrying  a  dis- 
charge duct  to  the  boiler  room  cellar,  where  the  warm  air 
is  used  by  the  forced  draft  fans. 

The  exhaust  from  the  auxiliaries  has  been  carried 
into  the  feed  water  heaters,  which  operate  at  low  pres- 
sure. The  shortage  or  excess  of  heat  in  this  heater  sys- 
tem, as  the  case  may  be,  is  compensated  for  or  utilized 
by  means  of  heat  balance  valves  operating  between  the 
auxiliary  exhaust  lines  and  the  receivers  between  the 
turbine  elements. 

The  station  in  which  this  apparatus  is  located  was 
designed  about  the  year  1900,  so  that  from  that  time 
until  the  present  represents  a  period  of  about  sixteen 
years.  This  installation  illustrates  very  well  the  tre- 
mendous evolution  of  the  art  in  that  brief  period.  The 
engines  which  were  installed  at  that  time  consisted  of  a 
horizontal,  high-pressure  cylinder  connecting  on  to  a  ver- 
tical, low-pressure  cylinder,  at  right  angles  on  the  same 
crank  pin.  Then  on  the  other  side  of  the  generator  was  a 
duplicate  set.  Only  two  cranks  were  required  for  four 
cylinders.  These  engines  established  an  enviable  reputa- 
tion for  reliability.  Their  economy  was  as  good  as  could 
be  expected  in  reciprocating  engines  at  that  time,  with 
the  comparatively  moderate  pressure  of  about  175  lb. 
and  no  superheat.  The  valves  were  the  regular  Corliss 
type. 

It  is  interesting  to  recall  al)Out  what  these  units  cost. 
They  were  5000  kw  rating,  with  a  maximum  overload 
capacity  of  50  percent,  bringing  up  the  maximum  load  to 
7500  kw,  which  they  would  readily  carry,  but  with  cor- 
respondingly poor  water  rates.  The  water  rate  of  the 
engine  on  test  ran  over  17  lb.  per  kw-hr.,  and  that  was 
considered  a  very  good  record.    The  cost  of  these  units, 
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for  the  engine,  generator  and  condenser,  was  a  little  over 
$40  per  kw  capacity,  based  on  the  rated  capacity. 

The  original  plant  was  designed  on  what  was  practi- 
cally a  unit  basis,  as  far  as  the  engines  and  boilers  are 
concerned,  that  is  to  say,  there  was  a  group  of  eight 
520  hp  boilers  per  unit,  and  each  unit  could  be  operated 
independently  of  the  rest  of  the  plant,  but  normally  was 
operated  with  all  the  boilers  connected  together  through 
two  headers.  The  boiler  capacity  therefore,  was  4160 
boiler  hp  for  a  5000  kw  unit. 

In  place  of  the  engine  there  was  installed  a  30000 
kw  cross-compound  unit,  and  that  unit  of  30000  kw 
capacity  was  placed  between  the  same  centers  as  the 
5000  kw  unit  taken  out.  The  cost  per  kilowatt  of  the 
modern  unit,  including  condensers,  was  a  little  over  $9, 


original  unit ;  and  the  water  rate,  when  reduced  to  satur- 
ated steam,  has  been  reduced  approximately  fifty  per- 
cent, an  enormous  gain. 

The  progress  of  the  steam  turbine  has  been  so  great 
that  today  it  has  practically  displaced  the  gas  engine. 
The  thermal  efficiency  given  in  the  test  runs  up  to  about 
25  percent.  That  is  practically  in  the  same  class  as  the 
best  gas  engine  practice  today.  So,  as  the  cost  of  the 
gas  engine  unit  is  probably  seven  or  eight  times  as 
great  as  the  turbine  unit,  the  gas  engine  has  been  prac- 
tically put  out  of  the  running  for  large  power  plant 
work. 

Another  very  interesting  sidelight  is  the  value  of  the 
installation  as  a  general  prime  mover  in  competition  with 


anything  else  that  could  be  cited.     Fifteen  years  ago 
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TABLE  II— SUMMARY  OF  RESULTS,  NINE  TYPICAL  TURBINE  TESTS  FROM  A  TOTAL  OF  TWENTY-FIVE 
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*As  corrected  to  215  lb.  per  sq.  in.  absolute  pressure;    120  deg.  P.,  superheat; 

as  compared  with  $40,  in  the  first  place.  The  new  unit 
is  operated  by  the  same  eight  boilers,  that  is,  the  boiler 
capacity  has  not  been  increased,  except  to  put  in  under- 
feed stokers  under  the  boilers,  so  that  we  have  simply 
changed  a  5000  kw  unit  to  a  30000  kw  unit.  That  is 
about  si.x  to  one  increase  in  capacity,  on  the  same  num- 
ber of  boilers. 

The  improved  water  rate  is  obtained  through  the 
more  economical  turbine  and  through  the  use  of  super- 
heat, so  that  the  actual  water  rate,  discounting  the  super- 
heat, is,  with  the  present  unit  on  the  average  of  about 
12  lbs.,  as  compared  to  about  17.5  on  the  average  with 
the  previous  unit. 

The  advantages  which  have  been  procured  are,  first, 
in  the  same  floor  space  is  installed  six  times  the  capacity 
at  a  cost  per  kilowatt  of  approximately  one-fifth  of  the 


hydroelectric  power  developments  were  looked  on  as  a 
choice  investment,  worth  lots  of  money  at  almost  any 
cost  of  development.  Water-powers  were  developed 
that  cost  $200,  $250  and  $300  a  kilowatt.  Today  money 
could  not  be  obtained  for  an  investment  of  that  kind, 
simply  because  the  steam  turbine  has  become  so  efficient 
and  at  the  same  time  decreased  in  first  cost  that  it  has 
driven  out  all  possibility  of  developing  a  great  many 
of  these  water-powers,  because,  considering  the  fixed 
charges,  the  steam  turbine  can  make  power  more  cheaply 
than  the  high-priced  hydroelectric  development. 

TEST    RESULTS 

For  test  purposes  one  unit  was  selected  as  repre- 
sentative of  the  installation.  Tests  were  made  upon  this 
unit  by  the  use  of  standard  methods,  special  provisions 
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being  made  to  secure  accuracy,  some  of  which  are  re- 
tailed below: — 

High  steam  pressures  were  observed  by  the  use  of 
gages,  in  duplicate  where  of  importance,  such  gages 
being  calibrated  before  and  after  each  test.  Tempera- 
tures were  observed  by  calibrated  thermometers,  im- 
mersed in  iron  pipe  wells,  filled  with  mercury  or  oil, 
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FIG.  2 — W.\TER  R-\TE  CURVE 


depending  upon  conditions.  Wells  were  of  ample  depth 
and  correction  was  made  for  immersion.  Low  pressures 
were  observed  by  the  use  of  mercury  manometers. 
Vacuum  readings  were  made  by  the  use  of  mercury  col- 
umns provided  with  a  vernier  reading  of  i/iOO  of  an 
inch.  The  mercury  in  these  columns  was  regularly 
cleaned  and  its  specific  gravity  determined  before  and 
after  test  series  and  corrections  made  accordingly.  Tem- 
perature corrections  on  mercury  columns  were  provided 
for  by  the  use  of  thermometers  set  in  each  column  casing 
and  additional  corrections  were  made  for  specific 
gravity,  meniscus  and  barometer  reading.  The  barom- 
eter used  on  the  test  was  calibrated  by  reference  to  the 
U.  S.  Weather  Bureau. 

The  condensate  was  weighed  in  tanks  mounted  upon 
two  carefully  calibrated  platform  scales.  Platform 
scales  were  also  used  to  measure  drips  and  leakage.   The 
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FIG.  3 — THERM.\L  EFFICIENCY  CURVE 

unit  was  isolated  so  far  as  water  and  steam  outlets  were 
concerned.  The  large  atmospheric  relief  valve  neces- 
sarily remaining  connected  to  the  exhaust  system  was 
water  sealed,  the  seal  being  kept  under  continual  ob- 
servation by  means  of  a  window  in  the  valve  cover  and 
interior  illumination  by  electric  light. 


The  unit  output  was  obtained  by  means  of  three 
single-phase  rotating  standard  watthour  meters,  one  con- 
nected to  each  phase.  These  watthour  meters  were  cali- 
brated before  and  after  the  test  series,  which  calibration 
included  the  current  and  potential  transformers  and 
showed  no  variation  in  excess  of  0.2  percent. 

Each  test  was  of  three  hours'  duration,  with  about  a 
half-hour  preliminary  operation  under  test  conditions. 
The  load  was  controlled  from  the  switchboard,  the 
turbine  operating  upon  the  governor  with  hand  throttle 
wide  open.  This  subjected  the  turbine  to  the  full 
swings  of  the  railroad  load,  as  observed  by  a  graphic 
wattmeter.  Table  I  gives  a  summary  of  the  results.  At 
light  loads  these  variations  were  more  pronounced,  ap- 
proximating frequently  5000  kw  either  side  of  the  aver- 
age. A  variation  of  10  000  kw  total  in  half  a  minute 
was  not  uncommon,  especially  on  loads  of  16  000,  18000 
and  20000  kilowatts,  all  of  which  one  would  suppose 
would  affect  the  test  results  quite  deleteriously.  For 
while  the  heat  absorbed  by  the  turbine  walls  during  an 
upward  swing  is  all  given  back  to  the  steam  in  a  down- 
ward swing  the  heat  is  taken  from  the  steam  when  it  is 
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FIG.  4— KANKINE  CYCLE  EFFICIENCY  CURVE 

at  a  higher  pressure  than  when  it  is  returned  to  it,  which 
is,  of  course,  a  direct  loss.  However,  subsequent  tests 
with  the  governor  hobbled  did  not  show  any  particular 
difference. 

The  test  results  have  been  shown  graphically  in  Figs. 
2,  3  and  4,  upon  bases  of  load  and  water-rate,  load  and 
thermal  efficiency,  and  load  and  Rankine  cycle  efficiency 
ratio.  In  conducting  these  tests,  naturally  every  effort 
was  made  to  maintain  certain  standard  conditions  under 
which  guarantees  had  been  given,  and  the  test  results  as 
tabulated  have  been  corrected  to  such  standards.  These 
standards  represent  what  is  probably  the  average  of 
operating  service.  Corrections  for  variation  from  stand- 
ard conditions  were  based  upon  curves  which  were 
agreed  upon  prior  to  the  commencement  of  tests. 

In  discussing  and  analyzing  the  test  results,  attention 
might  be  called  to  the  following  particular  features : — 

/ — With  due  allowance  for  scale  of  ordinates  the  perform- 
ance curves  may  be  considered  unusually  flat,  naturally  con- 
ducive to  high  plant  efficiency. 

.'—The  dip  in  the  curve  between  22000  and  26000  kw  is  a 
peculiarity  which  was  received  at  first  rather  skeptically,  but 
which  was  later  remarkably  checked  by  repetition  of  tests 
throughout  the  range,  including  a  special  series  under  steadj 
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load  made  three  months  subsequent  to  the  original  series.  Vari- 
ous theories  have  been  advanced  in  connection  with  this  dip, 
and  a  series  of  special  tests  was  made  to  investigate  the  rela- 
tive action  of  the  receiver  between  the  two  cylinders  as  a 
separator,  and  the  velocities  of  the  steam  passing  through  it, 
with  the  idea  that  this  might  have  some  direct  bearing  upon  this 
dip.  Unfortunately,  winter  load  demands  terminated  further 
research  work  in  this  direction  without  any  definite  results 
liaving  been  obtained. 

.? — The  turning  up  of  the  curve  between  30000  and  32000 
kw  is  another  peculiarity,  accounted  for  by  the  turbine  designer 
as  follows : — 

"Concerning  the  turning  up  of  the  efficiency  curve  between 
30  000  and  32  000  kw,  consideration  and  calculation  indicate  that 
this  is  actually  not  an  inconsistency,  but  a  new  experience.  This 
turbine  was  designed  for  higher  hydraulic  efficiency  than  prob- 
ably any  machine  heretofore  built,  thus  approaching  the  crest 
of  the  efficiency  curve.  The  overload  capacity  of  the  machine 
is  small,  or  in  other  words,  the  amount  the  turbine  is  by- 
passed when  the  secondary  valve  opens  is  small,  and  the 
velocity  ratio,  therefore,  is  very  little  lower  when  full  steam 
pressure  is  applied  to  the  secondary  inlet  than  when  such  pres- 
sure is  applied  to  the  primary  inlet.  Further,  the  hydraulic 
efficiency  is  nearly  the  same,  so  that  the  Rankine  cycle  at  32  000 
kw  should  not  be  more  than  one  percent  lower  than  at  the 
point  of  best  efficiency,  viz.,  26  000  kw.  The  efficiency  at  the 
intermediate  overload,  say,  30000  kw,  is  somewhat  worse  than 
this,  for  while  the  blading  and  hydraulic  efficiencies  remain  as 
high  there  is  a  loss  due  to  a  certain  portion  of  the  steam  ex- 
]janding  through  the  secondary  valve  to  a  lower  pressure  with- 
out doing  work." 

A  number  of  tests  were  made  upon  the  condensers 

and    auxiliaries,    separate    and    individual    guarantees 


having  been  made  upon  the  condenser  proper,  circulat- 
ing pumps,  dry  vacuum  pumps  and  hot  well  pumps. 
Publication  of  this  test  data  would  simply  show  good 
efficient  performance  without  unusual  features. 

The  coal  per  kw-hr.  on  the  engines  before  the  tur- 
bines were  put  in  at  all  was  about  2.5  lb.  of  coal  for  the 
plant,  averaged  at  the  end  of  each  month.  That  included, 
of  course,  everything,  all  auxiliaries,  coal-handling  ap- 
paratus, and  everything  else.  Since  the  turbines  were 
put  in,  and  while  they  have  been  carrying  practically  all 
of  the  load,  with  the  steam  mains  leading  to  the  engines 
still  alive  for  emergency  purposes,  the  coal  consumption 
is  approximately  1.5  lb.,  a  drop  of  one  lb.  per  kw,  as  the 
result  of  the  installation  of  the  big  turbines.  The 
thermal  efficiency  of  the  station  for  the  monthly  average 
is  approximately  17  percent. 

Summarizing  the  results  of  these  tests,  it  may  be 
said  that  the  performance  in  the  case  of  both  turbine  and 
condenser  showed  higher  efficiencies  than  was  guaran- 
teed under  contract,  and  the  installation  has  proven 
to  be  thoroughly  satisfactory  in  every  particular,  having 
fully  realized  the  considerations  which  governed  its 
selection. 


The  Use  of  Protective  Relays  on  Alternating- 
Current  Systems 


L.  N.  Crichton 


RELAYS  for  protecting  apparatus  and  for  discon- 
necting disabled  sections  of  transmission  lines 
have  become  indispensable,  and  the  growth  of 
distribution  systems  has  called  for  the  development  of 
relays  that  are  particularly  accurate  and  reliable.  By 
the  use  of  such  relays  automatic  sectionalizing  can  be 
applied  to  distribution  systems  which  a  few  years  ago 
were  considered  too  complex  for  such  applications.  In 
applying  relays  it  is  necessary  to  consider  the  inntimer- 
able  operating  problems  which  are  more  or  less  distinc- 
tive of  every  system,  and  to  pay  particular  attention  to 
the  characteristics  of  the  relays,  circuit  breakers,  gener- 
ators, transformers,  lines  and  motors.  These  variables 
require  careful  study  on  the  part  of  the  operator. 

As  an  example  of  the  service  possible  from  a  cor- 
rectly designed  system  of  sectionalizing  relays  may  be 
cited  the  case  of  a  long-distance  transmission  company 
supplying  power  to  an  important  industry  which  a  few 
years  ago  suffered  more  than  25  interruptions  annually. 
A  systematic  study  of  the  sectionalizing  problem  was 
made,  which  resulted  in  a  comparatively  small  expendi- 
ture for  relays  and  a  slight  rearrangement  of  switching 
apparatus.  As  a  reward  for  this  work  the  service  to  the 
important  customers  on  the  system  is  now  almost  per- 
fect, and  the  company  officials  expect  in  the  future  not 
more  than  one  interrtiption  annually  from  all  causes. 
This  system  contains  more  than  1400  miles  of  transmis- 
sion line  and  suffers  not  less  than  100  short-circuits  and 
grounds  per  year :  nevertheless,  the  chance  for  an  ex- 


tensive interruption  from  line  trouble  is  now  much  less 
than  from  an  accident  in  a  generating  station. 

Such  service  frequently  pays  for  itself  in  a  con- 
spicuous way,  as  in  the  case  of  a  hydroelectric  system 
which  for  years  had  maintained  an  auxiliary  steam  plant 
on  a  hot  stand-by  basis.  As  the  result  of  the  installation 
of  a  complete  automatic  sectionalizing  scheme  it  was 
found  possible  to  place  this  plant  on  a  cold  stand-by 
basis,  thus  effecting  a  large  saving. 

Another  direct  financial  benefit  from  a  relay  installa- 
tion is  the  saving  in  copper  which  results  from  the  use 
of  a  closely  inter-connected  system.  Sometimes  a  power 
customer  demands  a  separate  set  of  feeders  from  the 
.generating  station,  in  order  that  his  service  may  not  be 
disturbed  by  troubles  on  the  remainder  of  the  system. 
Such  practice  requires  an  uneconomical  amount  of  cop- 
per because  the  diversity  factor  of  the  system  cannot  be 
utilized.  A  proper  equipment  of  relays  will  allow  the 
use  of  tie  lines  and  of  other  inter-connections,  with  the 
result  that  more  load  can  be  carried  and  the  service  to 
each  customer  will  be  improved  because  more  sources 
of  power  will  be  available. 

The  object  of  protective  relays  is  to  secure  continuity 
of  service,  and  this  applies  whether  the  relays  are  in- 
stalled so  as  to  disconnect  defective  sections  of  line  or 
to  disconnect  apparatus  which  is  in  danger  of  causing 
trouble  or  which  has  already  become  a  source  of  disturb- 
ance. Although  the  apparatus  and  methods  used  are 
continually  permitting  more  reliable  service,  at  the  same 
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time  electrical  systems  are  increasing  in  size,  with  a 
resulting  increase  in  causes  and  chances  for  disturbance. 
It  is,  therefore,  necessary  to  install  sectionalizing  de- 
vices before  perfect  service  can  be  secured. 


FIG.    I — ADJUSTABLE    DEFINITE    MINIMUM    INVEKSK    TIME 
ELEMENT  OVERLOAD  RELAY 

*■  Westinghouse  Type  CO. 

SECTIONALIZING  OF  TRANSMISSION   LINES 

The  following  discussion  will  be  limited  to  the  appli- 
cation of  relays  to  three-phase  systems,  because  such 
systems  offer  peculiar  difficulties  and  because  they  are 
almost  exclusively  used  for  transmission  purposes. 

Interruptions  may  be  defined  as  any  disturbances 
which  will  cause  a  loaded  induction  motor  to  stop.  The 
disturbance  which  a  motor  can  withstand  depends  upon 
the  nature  of  the  load  and  the  characteristics  of  the 
motor,  but  it  may  be  safely  stated  that  any  motor  can 
have  the  voltage  at  its  terminals  reduced  to  zero  for  at 


FIG.   2 — ADJUSTABLE  DEFINITE    MINIMUM    INVERSE   TI.ME   EI.K.MEXT 
REVERSE   POWER  RELAY 

Westinghouse  Type  CR. 

least  two  seconds  without  "interrupting"  it.  The  only 
method  of  handling  disturbances  which  will  be  consid- 
ered will  be  the  method  of  automatically  disconnecting 
any  section  of  line  or  piece  of  apparatus  which  is  cre- 


ating trouble;  other  methods  of  clearing  disturbances 
without  disconnecting  the  lines,  such  as  the  use  of  arc 
suppressors  and  voltage-killing  devices,  being  outside 
the  scope  of  this  discussion.  It  should  be  further  real- 
ized that  existing  types  of  relays  cannot  clear  grounds 
unless  they  amount  to  short-circuits,  as  in  the  case  of  a 
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FIG.  3 — TIME  CHARACTERISTIC  OF  A  FUSE 

Consisting  of  a  three-inch  length,  No.  32,  B  &  S  gage  copper  wire, 
grounded  neutral  system.  A  ground  on  an  isolated 
neutral  system  will  not  ordinarily  cause  an  interruption 
unless  it  should  develop  into  a  short-circuit,  in  which 
case  sectionalizing  relays  will  operate. 

Fuses  are  in  quite  general  use  for  protective  pur- 
poses and  are  invaluable  for  some  applications  because 
of  their  quick  action  when  a  short-circuit  occurs,  a  fea- 
ture which  is  particularly  important  on  high-voltage  sys- 
tems where  the  current  to  be  handled  is  small  and  the 
large  circuit  breakers  which  would  otherwise  be  used  are 
slow  in  operation.  The  characteristic  action  of  a  copper 
wire  fuse  is  shown  in  Fig.  3. 

Circuit-Breaker  Characteristics  —  The  small  circuit 
breaker  which  is  equipped  with  an  instantaneous  over- 
load trip  coil  can  be  made  to  operate  very  rapidly ;  the 
trip  coil  itself  will  release  the  latch  in  less  than  one  cycle 
when  a  heavy  short-circuit  occurs.    The  time  required 
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FxG.  4 — TYPICAL  TIME  CHAR.\CTERISTICS  OF  OIL-CIRCUIT  BREAKERS 

Showing  time  of  opening  contacts  with  various  types. 

I — 15000  volts,  2000  amperes.  2 — 88000  volts,  300  amperes. 

3 — 66000  volts,  300  amperes. 

for  a  circuit  breaker  to  open  the  circuit  depends,  of 
course,  upon  its  size  and  the  inertia  of  its  moving  parts, 
but  for  large  capacity  motor-operated  or  solenoid-oper- 
ated circuit  breakers  having  a  rating  of  15  000  volts  or 
less  it  is  between  0.2  and  0.3  seconds.  The  curves  in 
Fig.  4  show  the  characteristics  of  such  circuit  breakers, 
although  they  may  be  altered  materially  if  the  operating 
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FIG.  5 — RADIAI,  DISTRIBUTION    SYSTEM 


voltage  is  low  or  the  spring  adjustment  and  other  me- 
chanical features  are  changed.  Most  of  the  time  is  con- 
sumed in  energizing  the  trip  coil  and  in  overcoming  the 
inertia  of  the  moving  parts,  so  that  a  150  000  volt  circuit 
breaker  having  a  longer  contact  travel  should  not  require 
much  greater  time  to  operate  than  is  required  by  a  low- 
voltage  breaker. 
— I  Single   Source    of 

Power — Radial  Dis- 
tribution System  — 
The  method  of  ap- 
plying time-limit  re- 
lays will  first  be 
considered  for  a  dis- 
tribution system 
having  only  one 
source  of  power  supply.  Fig.  5  shows  a  radial  system, 
which  consists  of  a  number  of  feeders  leaving  the  gener- 
ator bus-bars,  each  feeder  being  in  turn  sub-divided  into 
a  number  of  smaller  feeders.  The  smallest  branches 
may  be  automatically  disconnected  from  the  remainder 
of  the  system  by  the  blowing  of  fuses  or  the  operation 
of  instantaneous  circuit  breakers.  The  circuit  breakers 
nearer  the  generator  station  are  equipped  with  definite 
time-limit  relays,  the  time  interval  between  the  suc- 
cessive relays  being  enough  to  insure  a  reasonable  mar- 
gin of  safety  above  that  required  for  the  circuit 
breakers  to  operate.  If,  in  addition  to  the  variation  in 
the  operating  of  the  switches,  there  is  also  an  uncertainty 
in  the  operation  of  the  relays,  this  time  interval  will 
become  excessive,  which  emphasizes  the  importance  of 
accurate  relays.  In  addition  to  securing  discrimination 
on  the  part  of  the  relays  by  means  of  a  definite  time 
feature,  it  is  also  possible  to  discriminate  by  the  current 
setting,  because  trouble  which  occurs  at  the  far  end  of 
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I-'IG.   6 — TIME   CHARACTERISTICS    OF   BELLOWS    OVERLOAIi    RELAY 
WITH   INVERSE-TIME  LIMIT 

one  of  the  branch  lines  will  not  draw  as  heavy  a  current 
as  though  it  were  near  the  generating  station.  There  is 
also  a  possibility  of  securing  selective  action  by  using  an 
inverse-time-limit  relay  having  a  characteristic  curve 
similar  to  that  shown  in  Fig.  6.  If  the  calculations  are 
carefully  made  this  relay  will  operate  properly  and  its 


use  will  enable  heavy  short-circuits  close  to  the  generator 
to  be  cleared  sooner  than  they  could  be  by  the  use  of 
definite-time  relays. 

When  the  inverse-time  and  the  definite-time  relay  are 
combined  so  that  they  have  the  characteristic  curve 


-,. 

1-8 

^•■ 

^^gs 

^ 

= 

= 

= 

= 

— 

— 

&^Y~r^— — 

^ 

^ 

" 

P 

j: 

r 

j: 

= 

= 

FIG.  7 — TIME  CURVES  OF  TYPE  CO  RELAY 

Numerals  on  curves  indicate  time  setting. 

shown  in  Fig.  7,  the  combination  is  well  adapted  to  this 
service,  because  either  the  inverse-time  part  of  the  curve 
or  the  definite-time  part  can  be  used,  depending  upon 
the  particular  circumstances. 

Parallel  Feeders — Another  simple  arrangement  of 
feeders  is  shown  in  Fig.  8  which  illustrates  a  single  gen- 
erating station  and  substation  connected  by  a  number  of 
parallel  circuits.  It  has  been  frequently  stated  that  such 
a  system  can  be  protected  by  the  use  of  inverse-time- 
limit  relays  at  the  end  of  each  feeder,  and  the  success 
of  these  relays  is  supposed  to  be  due  to  the  fact  that  the 
particular  circuit  which  is  in  trouble  will  draw  a  much 
heavier  current  than  do  its  neighbors,  with  the  result 
that  the  relay  on  the  defective  circuit  will  operate  first. 
Experience  has  shown  that  this  arrangement  will  not 
always  operate  properly.  It  will  be  seen  by  inspection 
of  Fig.  6  that  the  inverse-time-limit  relay  can  be  de- 
pended upon  only  between  the  limits  of  the  two  dotted 
lines.  For  greater  current  values  it  will  not  discrimi- 
nate, because  it  is 
practically  instan- 
taneous, and  for 
smaller  values  it  re- 
quires such  a  long 
time  to  operate  that 
a  serious  interrup- 
tion     would      occur  I-IG.  8-PARALLEL  FEEDERS 

before  a  defective  line  could  be  disconnected.  The  result 
of  such  a  limited  range  is  that  the  relays  cannot  be  ad- 
justed to  take  care  of  all  conditions  when  the  connected 
generator  capacity  is  changed.  For  instance,  on  a  system 
having  a  load  factor  of  40  percent,  which  is  not  unusual, 
the  connected  generator  capacity  at  full  load  may  be  at 
least  three  times  as  great  as  the  connected  capacity  at 
light  load.  Furthermore,  the  setting  of  inverse-time- 
limit  relays  is  made  difficult  by  the  short-circuit  char- 
acteristics of  the  generators.  In  Fig.  9  is  shown  how 
rapidly    the   short-circuit    current    of    a    generator    de- 
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creases,  and  also  shows  how  difficult  it  would  be  to  ap- 
proximate the  effective  values  of  this  current  when  set- 
ting relays.  Inverse-time-limit  relays  are  thus  shown  to 
be  impractical  for  protecting  parallel  feeders. 
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down  and  all  the  load  carried  by  the  generator  at  D. 
In  this  case  the  entire  relay  system  would  have  to  be  re- 
adjusted, as  shown  in  Fig.  I2.  Although  this  example 
is  a  simple  one,  it  illustrates  the  condition  which  occurs 
whenever  a  complicated  system  of   distribution   is  en- 


flG.    9— CURRENT    DECREASE    ON  UNSYMMETRICAL    SHORT-CIRCUITS 

R.P.M.  Cycles     Phases  Shorter! 

l' IS  800     K.v.a     Turbo  isoo         2S  3 

2  ,  -"O  coo     K.v.a     Turbo  l8oo         6o  i 

5.19  000     K.v.a     Turbo  187s         62.5  i 

3412000     K.v.a.     Alternator  116         25  3 

4      6  600     K.v.a.     Alternator  375         25  3 

6     15  000     K.v.a.     Alternator  375         50  3 

The  proper  way  to  protect  service  against  trouble  on 
parallel  feeders  is  to  place  reverse-power  relays  at  the 
substation  end  of  each  feeder,  and  definite-time-limit 
relays  at  the  generator  end,  as  shown  in  Fig.  lO.  This 
figure  shows  a  system  consisting  of  a  combination  of 
parallel  and  radial  feeders.  Such  a  system  may  be  sim- 
plified until  it  includes  nothing  but  a  generating  station 
and  a  substation  with  two  feeders  connecting  them. 

Ring  System — The  ring  system  shown  in  Fig.  1 1  is 
similar  to  the  case  of  two  parallel  feeders  supplying  a. 
substation,  except  that  each  feeder  is  made  to  loop 
through  a  number  of  substations.  On  such  a  system 
definite-time-limit  reverse-power  relays  must  be  used, 
and  the  time  limit  of  each  successive  relay  should  be  in- 
creased by  a  sufficient  amount  to  allow  time  for  the 
circuit-breaker  in  the  preceding  substation  to  open.  In 
the  illustration  it  has  been  assumed  that  one-third  second 
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FIG.    10 — USE  OF  REVERSE  POWER  AXD  DEFl.N'lTE-TIME  LIMIT 
RELAYS  ON  PARALLEL  FEEDERS 

is  a  sufficient  time  to  allow  for  this  purpose,  but  such  a 
small  setting  cannot  be  used  unless  the  relays  are  ac- 
curate. 

Systems  Having  More  Than  One  Source  of  Pozver — 
such  as  the  system  shown  in  Fig.  1 1  would  be  if  a  gen- 
erator were  placed  at  substation  D.  One  difficulty  would 
be  encountered  if  the  generator  at  A   should  be  shut 


FIG.    II — RING   SYSTEM 

countered.     It  also   illustrates  the   necessity    for  using 
relays  whose  adjustment  can  be  quickly  changed. 

Parallel  Feeders — When  parallel  feeders  are  used, 
reverse-power  relays  interconnected,  as  shown  in  Fig. 
13,  will  give  satisfactory  service,  irrespective  of  the 
direction  of  the  normal  flow  of  power.  In  this  method 
the  current  transformers  on  the  same  phase  of  all  the 
feeders  are  connected  in  series  and  each  relay  is  shunted 
across  its  transformer.  It  is  obvious  that  when  the 
feeders  are  in  good  condition  the  current  through  the 
current  transformers  will  be  in  the  same  direction  in  all 
of  them  and,  as  a  result,  very  little  current  will  flow 
through  the  individual  relays  because  of  their  imped- 
ance. When  one  of  the  feeders  fails,  the  current  in  it 
will  be  in  the  reverse  direction  to  that  of  the  others,  or  it 
will  be  much  larger ;  in  either  case  it  will  cause  current 
to  flow  through  the  relay  in  the  proper  direction  to  trip 
the  circuit  breaker.  The  scheme  must  be  used  with 
caution  because  of  the  trouble  which  might  occur  if  the 
current  transformer  leads  have  too  much  inductance  or 
if  the  current  transformer  ratios  are  not  adjusted  to  suit 
any  difference  which  may  exist  in  the  impedance  of  the 


110.    12 — RING   SYSTEM    HAVING    MORE  THAN    ONE   SOURCE  OF   POWER 

various  cables.  It  is  evident  that  if  all  the  cables  are 
not  alike  it  will  be  necessary  to  correct  for  their  dis- 
similarity by  using  current  transformers  having  differ- 
ent ratios.  When  one  of  the  feeders  is  disconnected 
it  is  necessary  to  short-circuit  its  current  transformers, 
which  can   readily  be  done  by   placing  a   small   pallet 
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switch  on  the  circuit  breaker.  This  should  be  done  even 
when  there  are  only  two  hnes,  in  which  case  a  hne  will 
be  non-automatic  if  it  is  the  only  one  left  in  service. 
This  scheme  will  fail  upon  occurrence  of  trouble  which 
short-circuits  one  end  of  a  feeder  and  leaves  the  other 
end  clear.     These  objections  are  of  slight  consequence, 

and  this  scheme  is 
the  only  one  which 
can  be  satisfac- 
torily used  without 
requiring  pilot 
wires,  split  c  o  n- 
ductors,  or  similar 
devices. 

Networks — The 
method  j  u  s  t  ex- 
plained can  also  be 
applied  to  sections  of  a  network  such  as  is  shown  in 
Fig.  14.  The  difficulties  which  will  be  met  with  in  pro- 
tecting the  duplicate  feeders  have  already  been  consid- 
ered and,  for  purpose  of  illustration,  several  other  con- 
nections have  been  shown,  although  it  is  not  to  be  as- 
sumed that  these  few  examples  cover  all  the  problems 
which  will  arise  in  practice.  In  case  of  trouble,  it  is  not 
always  possible  to  prevent  automatic  switches  from 
operating  when  the  feeder  which  they  control  is  not 
affected,  nor  is  there  any  objection  to  opening  a  few 
such  circuit  breakers  if  they  will  not  cause  an  interrup- 
tion to  part  of  the  load.  It  frequently  happens  that  the 
problem  of  automatic  sectionalizing  can  be  very  much 
simplified  if,  at  the  first  instant  of  short-circuit,  a  num- 
ber of  circuit  breakers  are  opened  for  the  purpose  of 
simplifying  the  operation  of  the  remainder  of  the  sys- 
tem. In  Fig.  14,  for  instance,  is  shown  a  feeder  between 
substations  N  and  S,  which  normally  assists  in  maintain- 
ing voltage  regulation,  but  which  could  be  dispensed 
with  for  a  time  if  there  should  be  trouble  on  the  line. 
We  have,  therefore,  assumed  that  the  circuit  breaker  on 
section  A  in  the  substation  TV^  is  equipped  with  an  instan- 
taneous relay.  If  it  should  happen  that  the  trouble  is  on 
this  section  of  line,  the  relay  in  substation  S  will  operate 
after  one-half  second,  and  clear  the  trouble ;  but  if  the 
trouble  is  not  on  this  particular  feeder  no  harm  will  be 
done  and  the  load  which  is  supplied  from  it  will  not  be 
interrupted.  In  order  that  synchronizing  and  other 
switching  on  the  system  will  not  cause  interruptions,  it 
is  assumed  that  the  minimum  time  limit  of  one-quarter 
second  is  necessary.  If  such  a  setting  is  used,  and  a 
short-circuit  occurs  at  the  point  Z,  the  relay  in  sub- 
station N  will  require  one-quarter  second  to  operate, 
and  there  will  be  a  further  one-quarter  second  required 
for  the  circuit  breaker  to  open.  The  relays  at  substation 
P  will  not  begin  to  operate  until  the  switch  at  substation 
N  has  opened,  because  it  is  assumed  that  the  short- 
circuit  is  close  to  the  latter  substation  and  there  is,  con- 
sequently, no  unbalancing  at  substation  P.  There  will. 
therefore,  be  still  further  delay  of  one-half  second  at 
substation  P  before  the  trouble  is  finally  cleared.  It  is 
for  this  reason  that  the  definite  time  limits  in  the  tie 


feeders  between  substations  P,  S  and  T  have  been 
shown  to  be  higher  than  appears  necessary  at  first  sight. 
With  the  setting  shown  in  these  substations  it  will  re- 
quire more  than  two  seconds  to  clear  a  case  of  trouble 
should  it  occur  in  either  section  B  or  C.  For  this  rea- 
son it  may  be  thought  advisable  to  adjust  the  relays  at 
substation  T  so  that  they  have  a  lower  time  setting,  with 
the  result  that  one  of  them  will  operate  on  practically  all 
cases  of  trouble,  but,  as  in  the  case  of  section  A,  this  will 
not  result  in  any  interruption  of  service;  it  will  merely 
trip  out  a  circuit  breaker  which  can  later  be  closed  by 
the  attendant. 

These  illustrations  show  how  to  adapt  relays  to  com- 
plicated systems,  thus  securing  all  the  advantages  which 
can  be  obtained  from  a  close  interconnection  of  stations 
and  substations. 

Pilot-Wire  and  Split-Conductor  Schemes — A  num- 
ber of  years  ago  a  pilot-wire  scheme  was  proposed  which 
operated  from  secondaries  of  current  transformers 
placed  at  the  two  ends  of  a  feeder  and  which,  conse- 
quently, required  that  a  number  of  conductors  be  run 
between  the  substations.  For  cable  systems  it  is  said  to 
give  satisfactory  results,  but  for  long-distance  transmis- 
sion lines  it  is  not  reliable.  It  ordinarily  makes  use  of 
standard  overload  relays.  The  use  of  split  conductors 
has  been  applied  more  recently,  apparently  with  good 
results.  This  scheme  is  applicable  only  to  cable  systems, 
and  consists  in  splitting  each  conductor  into  two  parts, 
and  using  a  relay  which  operates  whenever  the  current 
in  the  two  halves  becomes  unbalanced.  A  three-phase 
cable  constructed  on  this  plan  contains  six  conductors 
instead  of  three,  which  not  only  increases  the  cost  of  the 
cable,  but  increases  its  size,  thus  requiring  more  invest- 
ment in  duct  space.  Although  both  the  pilot-wire  and 
the  split-conductor  schemes  are  reported  to  give  satisfac- 
tion, there  seem  to  be  a  number  of  conditions  where 
failure  is  possible,  and  it  does  not  appear  that  they  can 
be  any  more  reliable  than  the  other  schemes  described. 

CALCULATION  OF  SHORT-CIRCUIT  CURRENT 

In  applying  any  protective  scheme  it  is  necessary  to 
determine  the  short-circuit  currents  which  will  be  avail- 


FIC.    14 — NETWORK    DISTRIBUTIXG   SYSTEM 

able  under  all  conditions.  It  is  unfortunate  that  the 
term  "overload"  has  ever  come  into  use  in  connection 
with  sectionalizing  distribution  systems,  because  it  im- 
plies that  the  relays  should  be  set  to  operate  at  a  value 
determined  bv  the  normal  load  on  the  feeder.     Such  a 


344 


THE    ELECTRIC   JOURNAL 


setting  is  possible  if  definite-time-limit  relays  are  used, 
but  where  a  relay  having  inverse-time  characteristics  is 
used  it  is  necessary  to  consider  the  current  which  occurs 
during  times  of  trouble,  and  which  may  be  tens  or  even 
hundreds  of  times  greater  than  the  normal  current.  An 
approximate  method  of  determining  the  possible  short- 
circuit  current  is  by  observing  the  voltage  drop  between 
two  stations  at  normal  load. 

Short-circuit  current  =   """""^  ^'"j'"^'     X  load  current, 
voltage  drop 

For  example,  if  a  certain  load  current  causes  a  drop 
of  five  percent  in  voltage  between  a  generating  station 
and    substation,    the    maximum    short-circuit    current 


TABLE 

I— RESISTANCE, 

INDUCTANCE  AND  IMPEDANCE 

OF  OVERHEAD  LINES 

Resistance 
(R) 

Inductance  X  and  Impedance  Z  per  wire  per  mile. 

Spacing- 

-Ft. 

2 

4                          8             1            IS 

Size  Wire 

R 

X    1    Z 

X    1    z 

X    1    z     1    X 

z 

25  CYCLES.                                                    1 

0000 

0.267 

0.24s 

0.36s 

0.280 

0.387 

0.31S 

0.413 

0.348 

0.437 

000 

0.336 

0.251 

0.420 

0.286 

0.442 

0.320 

0.463 

0.3S2 

0.487 

00 

0.423 

0.257 

0.49s 

0.291 

0.S63 

0.326 

0.S3S 

0.358 

0.SS3 

0 

0.S34 

0.262 

0.S9S 

0.297 

0.611 

0.332 

0.628 

0.364 

0.647 

2 

0.849 

0.277 

0.8Q5 

0.312 

O.90S 

0.347 

0.917 

0.378 

0.930 

4 

1.35 

0.288 

1.38 

0.324 

1.39 

0.358 

I. .106 

0.390 

1.40 

6 

2.IS 

0.401 

2.19 

3.400 

0.413 

3-43 

60  CYCLES.                                                     1 

0000 

0.267 

0.S87 

0.64s 

0.672 

0.723 

0.7SS 

0.801 

0.831 

0.873 

000 

0.336 

0.601 

0.690 

0.68s 

0.763 

0.769 

0.839 

0 

845 

0.908 

00 

0.423 

0.61S 

0.745 

0.699 

0.81S 

0.782 

0.888 

0 

8.S9 

0.958 

0 

0-534 

0.629 

0.82s 

0.714 

0.892 

0.797 

0.958 

0 

S73 

1.03 

2 

0.849 

0.664 

1.07s 

0.748 

1. 130 

O.S32 

1. 188 

0 

908 

1.23 

4 

1.35 

0.692 

I. SIS 

0.776 

I.SSS 

0.860 

1.60 

0 

936 

1.64 

6 

2. IS 

0 

064 

2.35 

3.40 

0.992 

3.54 

Above  values  are  to  be  used  with  voltage  to  neutral.  Sizes  No.  0000  to  0  are 
stranded:  others  are  s  ^lid.  Based  on  97  per  cert  conductivity  at  20  degrees  C. 
or  67  degrees  F.     Values  in  Table  computed  on  slide  rule. 

TABLE  II— APPROXIMATE  OHMIC  RESISTANCE  AND  IMPEDANCE 
THREE  CONDUCTOR  CABLES.  AT  60  CYCLES 


Size 

Impedance  Ohms  per  Mile. 

Ohms 
per    Mile 

Working  Voltage. 

3000 

5000 

7000 

lOOOO 

ISOOO 

20000 

2 

0.850 

0.858 

0.859 

0.863 

0.867 

0.872 

0.8S4 

I 

0 

674 

0.692 

bob 

0 

700 

0.706 

0.712 

0 

724 

0 

0 

S35 

O.S4S 

0 

547 

0 

552 

0.SS8. 

o.s6s 

0 

S8o 

00 

0 

424 

0.436 

0 

439 

0 

444 

0.452 

0.460 

0 

478 

OQO 

0 

336 

0.3S2 

0 

3S2 

0 

3S7 

0.36s 

0.374 

0 

396 

0000 

0 

2O7 

0.280 

0 

283 

0 

288 

0.296 

0.306 

0 

332 

2S0000 

0 

227 

0 .  245 

0 

24.'! 

0 

252 

0.261 

0.272 

0 

299 

300000 

0 

18.S 

0.210 

0 

0 

217 

0.227 

0.241 

0 

270 

3SO00O 

0 

161 

0.187 

0 

187 

0 

194 

0.204 

0.217 

0 

2S0 

400000 

0 

141 

0.166 

0 

166 

0 

174 

0.18s 

0.199 

0 

234 

450000 

0 

127 

0.148 

0 

148 

0 

1.56 

0.167 

0.182 

0 

221 

SOOOOO 

0.113 

0.137 

" 

137 

0.144 

0.156 

0.172 

0.212    1 

Based  on  Pure  Copper.  75*^  F.  with  an  allowance  of  three  percent  for  spiral 
path  of  conductors,  60  cycles  per  second  and  standard  thickness  of  varnished 
cambric  insulation.  Values  are  practically  the  same  for  other  types  of  insulation. 
These  figures  are  also  approximately  correct  for  98  percent  conductivity  copper  at 
65°  F. 

would  be  20  times  the  load  current.  Results  obtained 
in  this  way  are  likely  to  be  too  large,  particularly  on  lines 
having  high  inductance. 

The  calculation  of  the  short-circuit  currents  on  a 
complicated  system  involves  more  or  less  approximation, 
and  a  good  method  is  to  prepare  a  table  showing  the 
impedance  of  each  section  of  line  and  also  of  the  gener- 
ators. These  figures  can  then  be  combined  in  any  way 
desired  to  determine  the  impedance  of  a  particular  path. 
In  obtaining  the  impedance  of  several  sections  of  a  sys- 
tem, the  resistances  and  inductances  must  be  added  sep- 
arately and  the  two  sums  combined  geometrically.    The 


inductance  varies  with  the  size  of  the  conductors  and 
with  the  distance  between  them,  which  in  the  case  of  a 
cable  is  determined  by  the  thickness  of  the  insulation. 
The  characteristics  of  cables  can  usually  be  obtained 
from  the  manufacturers.  A  15  000  volt  No.  0000  cable 
at  60  cycles  has  an  impedance  about  23  percent  greater 
than  its  ohmic  resistance,  whereas  the  impedance  of  a 
150000  volt  line  having  the  same  size  copper  conductors 
spaced  15  feet  apart  is  about  three  and  one-quarter  times 
the  value  of  its  resistance.  The  resistance,  inductance 
and  impedance  of  aerial  transmission  lines  having  vari- 
ous wire  spacings  is  given  in  Table  I,  and  Table  II 
shows  the  resistance  and  impedance  of  various  kinds  of 
three-conductor  cable. 

The  method  of  computing  the  impedance  of  a  cir- 
cuit, including  a  line,  generator  and  transformer,  is 
shown  in  the  following  example : — 

.\ssume : — A  5000  k  v.a.,  60  cycle  generator  having  10  per- 
cent reactance  drop. 
A  5000  k  v.a.  bank  of  transformers  having  one 
percent  resistance  drop  and  five  percent 
reactance  drop. 
50  miles  45  000  volt  line  No.  o  copper  con- 
ductors .spaced  four  feet  apart. 
All  values  of  resistance,  reactance  and  impedance  will  be 
reduced  to  terms  of  45  000  volts. 

5000000 
Full  load  current  =   y's"  X  45  000   —  ^^  amperes. 
Star  voltage  =r  26  100. 

Generator  Characteristics: — 

Reactance  drop  =:  10  percent  of  26  100  =  2610  volts. 

Reactance  =  ^  41  ohms. 

64 

Transformer  Characteristics:- — 

Resistance  drop  =  one  percent  of  26  100  =  261  volts. 

Resistance  :=    =  4-1  ohms. 

64 

Reactance  drop  =  five  percent  of  26  100  =  1305  volts. 

Reactance  =:  -^—5  =:  20  ohms. 
64 

Line  Characteristics  (from  Table  I)  : — 

R  =  50  X  0.534  =  26.7  X  =  50  X  0.714  =  357 

Summary: —  R  X 

Generator Negligible  41. 

Transformer 4.1  20. 

Line 26.7  35.7 

Total 3o.8  96.7  ohms. 

R'  =       950 
X'  —     9150 

Z'  =  R'  -I-  X'  =  10  100  Hence  Z  =  100.5  ohms. 

^,        ,  •        •  •       ,         (•  26  100 

The  short-circuit  current  is  therefore  =   260 

100.5 

amperes  for  the  first  instant.  As  shown  in  Fig.  9,  the 
initial  current  will  decrease  until  the  sustained  value  is 
reached.  In  this  example  the  sustained  value  is  prob- 
ably about  twice  full-load  current,  or  say  130  amperes. 
If  the  line  should  have  more  impedance,  or  if  less  gener- 
ating capacity  should  be  connected  to  the  bus-bars,  the 
generator  reaction  would  have  less  effect  in  cutting  down 
the  current,  and  the  calculated  results  would  need  less 
correction. 

Alternator  and  Transformer  Constants — The  char- 
acteristics of  alternators  vary  through  a  wide  range,  but 
it  is  usually  assumed  that  their  reactance  is  about  eight 
percent,  which  allows  a  maximum  instantaneous  short- 
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circuit  current  of  12.5  times  full  load.  The  maximum 
sustained  short-circuit  current  is  usually  assumed  to  be 
between  2.5  and  3  times  full-load,  although  some  ma- 
chines, particularly  turbo-alternators,  are  now  being 
built  which  have  a  sustained  short-circuit  current  of 
about  1.5  times  full  load.  It  is  usually  safe  to  assume 
that  a  transformer  has  one  percent  resistance  drop  and 
five  percent  reactance  drop. 

Nature  of  Short-Circuits  —  When  making  current 
calculations  it  should  always  be  assumed  that  a  short- 
circuit  is  due  to  a  metallic  connection  between  the  con- 
ductors. On  a  high-voltage  aerial  line  using  wooden 
pins  and  cross-arms  it  sometimes  happens  that  an  insu- 
lator is  broken,  with  the  result  that  the  wood  is  gradually 
heated  by  the  passage  of  the  current  through  it  until  it 
finally  bursts  into  flame,  thus  causing  an  arc  between 
conductors.  A  little  consideration  shows  that  the  flow 
of  current  is  small  until  the  arc  is  established,  and  that  it 
is  absurd  to  speak  of  automatically  disconnecting  a  sec- 
tion of  line  which  has  such  a  high-resistance  short- 
circuit.  It  has  sometimes  been  assumed  that  an  arc  has 
a  high  resistance,  but  this  is  not  the  case,  and  in  general 
the  presence  of  an  arc  at  the  point  of  short-circuit  will 
not  decrease  the  short-circuit  current  by  more  than  a 
few  percent.  Incidentally,  it  may  be  of  interest  to  note 
that  on  a  high-voltage,  ungrounded-neutral  system  the 
capacity  current  to  ground  through  an  arc  is  greater 
than  it  is  through  a  direct  ground.  There  is  only  one 
case  where  a  short-circuit  is  likely  to  increase  in  inten- 
sity as  it  develops,  and  that  is  on  a  system  where  the 
neutral  is  grounded  through  a  resistance ;  a  cable  break- 
down, for  instance,  frequently  occurs  first  between  one 
conductor  and  the  sheath  and  the  current  flow  may  be 
limited  by  the  neutral  resistance ;  the  trouble  will  quickly 
involve  all  the  conductors  in  the  cable,  resulting  in  a 
heavy  short-circuit,  but  it  is  possible  that  it  will  require 
an  appreciable  time  to  do  this,  in  which  case  the  relay 
operation  may  be  unsatisfactory.  This  is  particularly 
liable  to  happen  if  the  neutral  is  not  grounded  at  every 
substation. 

RELAY    ACCURACY 

A  study  of  the  preceding  discussion  will  show  the 
necessity  for  the  use  of  relays  which  are  not  only  ac- 
curate and  constant  in  their  characteristics,  but  can  also 
be  adjusted  to  operate  on  small  diiTerences  of  time.  The 
relays  shown  in  Figs,  i  and  2  are  individually  adjusted 
and  the  calibration  curve  is  marked  on  the  nameplate. 
As  a  result  it  is  possible  to  set  the  relay  to  the  desired 
value  with  only  a  few  minutes  work.  The  relay,  having 
combined  definite  and  inverse-time  characteristics,  is 
particularly  valuable  on  large  systems  where  con- 
stant changing  of  the  connections  necessitates  frequent 
changes  in  the  relay  settings. 

Effect  of  Low  Voltage — The  most  important  require- 
ments of  a  reverse-power  relay  is  that  it  should  operate 
when  the  potential  at  its  terminals  is  between  one  and 
two  percent  of  normal.  If  we  assume  the  case  of  a  No. 
0000  cable  normally  carrying  300  amperes  at  12  000 
volts,  connected  to  a  generating  station  having  a  short- 


circuit  current  of  3000  amperes,  the  loss  which  would 
occur  between  the  bus-bars  and  a  metallic  short-circuit 
100  feet  from  them  would  be  45  kw  per  phase,  or  less 
than  three-quarters  of  one  percent  of  the  relay  setting. 
This  shows  the  absurdity  of  installing  relays  which  re- 
quire a  percentage  reversal  of  five  or  ten  percent  to 
operate  them.  The  proper  way  to  construct  a  reverse- 
energy  relay  is  to  use  two  elements,  one  of  them  an 
excess  current  element  which  may  be  equipped  with  any 
time  limit  desired,  and  a  selective  watt  element  which  is 
sensitive  enough  to  indicate  accurately  which  direction 
the  power  is  flowing  in  the  circuit,  even  at  the  lowest 
possible  value  of  voltage.  The  co-operation  of  both  ele- 
ments is  necessary  in  order  to  trip  the  circuit  breaker. 
The  statement  has  frequently  been  made  that  a  reverse- 
power  relay  cannot  operate  when  there  is  no  voltage,  but 
neither  can  there  be  a  flow  of  current  unless  there  is  a 
difference  of  potential.  The  problem  is  therefore  noth- 
ing more  than  a  question  of  securing  a  contact-making 
wattmeter  which  is  sensitive  enough  to  operate  on  the 
small  potential  which  is  always  present  when  a  short- 
circuit  occurs.  The  potential  drop  across  the  arc  at  the 
point  of  short-circuit,  although  small,  is  in  itself  suf- 
ficient to  operate  relays  of  the  type  shown  in  Figs,  i 
and  2.  Numerous  tests  have  been  made  which  show  that 
when  a  cable  breaks  down,  the  arc  through  the  insulating 
space  between  conductors  will  maintain  a  voltage  of 
between  one  and  two  percent,  and  it  has  been  found  that 
a  higher  voltage  is  maintained  when  the  current  is  small 
than  when  it  is  excessive,  a  fact  which  materially  assists 
reverse-power  relays.  It  should  be  pointed  out  that  on 
large  systems  it  is  practically  impossible  to  obtain  a  me- 
tallic short-circuit  because  any  small  object  which  could 
be  brought  into  contact  with  the  bus-bars  would  be  im- 
mediately destroyed.  The  only  possibility  for  obtaining 
a  short-circuit  which  will  lower  the  voltage  to  a  point 
where  reverse-power  relays  cannot  operate  is  the  case 
of  an  extra  high-voltage  system  where  the  short-circuit 
current  is  so  small  that  it  cannot  burn  off  a  metallic  con- 
nection. For  instance,  on  a  150000  volt  system  of  some 
magnitude,  the  current  at  short-circuit  may  not  exceed 
500  amperes,  which  could  be  carried  for  some  seconds 
by  a  telephone  wire  dropped  across  a  transmission  line. 
The  possibility  of  interruption  from  this  cause  is  remote, 
because  a  short-circuit  across  three  wires  will  not  often 
occur,  and  when  only  two  wires  are  involved  the  low- 
voltage  condition  does  not  exist  except  on  one  phase. 

EFFECT  OF  UNBALANCED  SHORT-CIRCUITS 

In  the  past  the  operation  of  reverse-power  relays  has 
been  somewhat  unsatisfactory,  because  means  were  not 
taken  to  insure  correct  operation  at  times  when  the 
power-factor  of  the  system  was  bad,  due  to  unbalanced 
short-circuits.  As  a  result  of  several  years'  investiga- 
tion, it  has  been  found  that  the  method  of  connecting 
reverse-power  relays  with  their  potential  coils  in  star,  as 
has  been  the  usual  custom,  is  theoretically  incorrect,  and 
the  relays  will  fail  to  operate  upon  the  occurrence  of  the 
most  common  form  of  short-circuit.  When  unbalanced 
short-circuits  occur,  a  large  number  of  combinations  of 
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circumstances  are  possible,  but  it  has  been  found  that  the 
most  severe  condition  is  when  only  two  conductors  of  a 
three-phase  line  are  short-circuited,  and  if  relays  will 
operate  properly  under  this  condition  they  will  satisfy 
practically  all  the  others. 

In  Figs.  15  and  16  are  shown  in  a  rather  incomplete 
way  the  vector  relations  on  a  simple  electric  circuit  when 
a  short-circuit  occurs  between  the  wires  S  and  C.    Fig. 


Pig    i5_Short-circuit  on  an  unloaded  circuit. 
pj|    16— Short-circuit  on  a  loaded  circuit. 

15  shows  at  a  the  voltage  triangle  at  the  generating  sta- 
tion and  at  b  the  voltage  triangle  some  distance  from 
the  generating  station.  At  c  is  represented  the  condi- 
tions at  the  short-circuit,  and  it  will  be  seen  that  the  long 
sides  of  the  voltage  triangle  have  closed  in  together.  It 
will  also  be  observed  that  the  two  star  voltages,  OB  and 
OC,  are  in  phase.  Referring  again  to  a,  if  the  circuit 
has  no  inductance,  the  current  which  flows  into  the 
short-circuit  will  be  in  phase  with  the  voltage  BC.  as  is 
shown  by  the  vectors  /b  and  /c.  If  such  a  condition 
were  possible,  none  of  the  relays  at  the  short  circuit 
could  operate,  because  the  power  factor  is  zero.  Since, 
however,  there  is  always  inductance  in  the  circuit,  the 
current  will  lag  somewhat,  as  shown  by  the  vectors 
7'b  and  7'c.  The  result  of  this  is  to  cause  one  of  the 
relays  at  the  short-circuit  to  operate  forwards  and  the 
other  one  to  operate  backwards.  Fig.  16  shows  the 
effect  of  an  inductive  load  on  the  system.  The  short- 
circuit  currents  are  represented  by  dash  vectors,  and  the 
resultant  of  the  short-circuit  currents  and  load  currents 
by  heavy  vectors.  The  general  result  of  the  load  current 
on  the  system  is  to  make  less  pronounced  the  efifect  due 
to  the  short-circuit,  as  will  be  observed  upon  comparing 
b  in  Figs.  15  and  16.  In  the  former  case  one  of  the 
relays  operates  backwards,  but  in  the  latter  case  both  of 
them  read  properly. 

In  the  above  explanation,  the  condition  in  only  one 
line  has  been  shown,  and  the  question  might  immediately 
arise  as  to  what  difference  it  makes  whether  or  not  one 
relay  operates  backwards,  so  long  as  one  of  them  oper- 
ates to  trip  the  circuit  breaker.  The  answer  is  that  the 
same  condition  exists  in  all  the  good  sections  of  line  ad- 
jacent to  the  trouble,  with  the  result  that  their  circuit 
breakers  will  also  be  opened. 

One  method  of  curing  this  trouble  is  very  simple. 
Since  the  distorted  condition  is  due  to  a  single-phase 
being  short-circuited,  the  relays  should  be  connected 
with  the  potential  coils  across  the  same  conductors 
which  are  causing  the  short-circuit.  In  other  words,  the 
potential  coils  should  be  connected  in  delta  in  accord- 
ance with  Fig.  17.  Because  the  current  will  lag  behind 
the  voltage  when  a  short-circuit  occurs,  the  connection 
should  be  so  made  that  at  unity  power-factor  the  current 
in  the  current  coils  of  the  relays  will  lead  the  potential 


bv  30  degrees.  This  connection  not  only  overcomes  the 
trouble  from  distortion,  but  it  allows  the  relays  at  all 
times  to  operate  under  a  higher  power- factor.  In  order 
to  make  this  connection  satisfactory  it  is  necessary  to 
take  into  account  the  direction  of  the  rotation  of  phases. 

The  above  discussion  is  not  based  solely  upon  the 
mathematical  study  of  the  problem,  but  is  the  results  of 
actual  tests  made  on  a  number  of  transmission  hnes 
where  the  reverse-energy  relays  connected  according  to 
the  old  method  have  not  given  satisfactory  service.  Ex- 
periments have  shown  that  this  method  of  connection 
should  also  be  used  on  systems  having  a  grounded  neu- 
tral. This  connection  (with  the  current  30  degrees 
ahead  of  the  voltage)  must  be  used  with  care  on  an 
ungrounded  neutral  system  having  a  heavy  charging 
current  to  ground.  Difficulty  may  also  be  encountered 
on  some  systems  where  the  load  cm-rent  is  leading.  But 
in  both  these  cases  the  short-circuit  currents  will  be 
much  greater  than  any  possible  leading  current  and  no 
difficulty  due  to  incorrect  operation  of  the  reverse-power 
relays  will  be  experienced  if  the  excess-current  elements 
are  adjusted  to  operate  only  on  short-circuits. 

Overload  and  Reverse-Current  Relays  —  Various 
manufacturers  have  in  the  past  made  a  type  of  relay 
which  would  operate  on  a  heavy  overload  in  cither 
direction  and  would  also  operate  on  a  small  overload  in 
reverse  direction.  Such  a  relay  is  occasionally  desired 
for  the  purpose  of  limiting  the  amount  of  jjower  which 
can  flow  into  a  piece  of  apparatus,  but  it  is  not  satis- 
factory for  line  sectionalizing  and  its  manufacture  has 
been  almost  abandoned.  The  principal  objection  to  it  is 
that  its  operation  cannot  be  foretold  when  unbalanced 
short-circuits  occur. 

Current  Transformers  Required — To  insure  satis- 
factory protection  on  a  grounded  neutral  system,  current 
transformers  should  be  placed  in  each  wire,  and  it  is 
advisable  to  do  the  same  on  an  ungrounded  neutral  svs- 
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KIG.    17— COXXECTION    OF    RELAYS   TO   C.\USE   THE    CURRENT    TO    l.E.M) 
THE  VOI,T.\GE  ON   NON-INDUCTIVE  L0.\nS 

tern.  This  is  because  two  conductors  in  different  phases 
of  different  sections  of  line  are  likely  to  be  grounded 
simultaneously,  thus  resulting  in  a  short-circuit  which 
involves  two  line  sections.  For  instance,  suppose  that 
phase  A  in  one  section  of  line  becomes  grounded  and 
the  resulting  surge  in  voltage  causes  a  breakdown   in 
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another  section  of  line  in  phase  B.  It  both  of  these 
wires  should  happen  to  be  without  current  transformers, 
the  short-circuit  could  not  be  cleared.  This  is  not  a 
fanciful  example,  but  is  one  which  occurs  quite  fre- 
quently on  overhead  lines,  due  to  the  simultaneous  flash- 
over  of  two  or  more  insulators.  Even  if  no  such  trouble 
is  feared,  there  is  an  advantage  in  using  three  current 
transformers  and  three  relays  at  every  switching  point, 
because  by  such  means  additional  insurance  is  provided 
against  the  failure  of  any  one  relay  to  operate.  This 
applies  particularly  to  reverse-power  relays  under  con- 
ditions where  only  two  wires  are  short-circuited,  because 
then  one  of  the  relays  is  operated  under  very  low 
voltage. 

Potential  Transformers  Required —  Two  potential 
transformers  connected  in  /'  are  sufficient  to  operate 
three  reverse-power  relays.  On  high-voltage  systems  it 
is  sometimes  inconvenient  to  connect  potential  trans- 
formers on  the  line^side  of  the  power  transformers,  in 
which  case  they  may  be  connected  to  the  low-voltage 
bus-bars.  If  the  power  transformers  are  connected  star- 
delta,  the  potential  transformers  should  be  connected  the 
same  way  in  order  to  bring  the  phases  into  the  proper 
relation. 

THE   PROTECTION   OF  APP.\RATUS 

It  is  not  our  intention  to  cover  the  protection  of 
apparatus  under  all  possible  conditions,  but  only  to 
mention  those  which  are  more  intimately  connected  with 
the  question  of  continuous  service,  and  such  cases  as  are 
particularly  affected  by  disturbances  on  the  distribution 
lines. 

Travsforiners — In  general,  the  current  which  can 
flow  through  rotating  apparatus  is  limited  to  a  reason- 
able value,  and  quick  action  in  disconnecting  such  ap- 
paratus from  the  system  is  not  essential.  Transformers 
having  low  internal  reactance  are  quite  likely  to  be  dam- 
aged in  a  few  seconds  if  they  are  short-circuited,  and  a 
means  of  protecting  them  against  internal  short-circuits 
is  shown  in  Fig.  i8.  The  current  transformers  in  the 
corresponding  primary  and  secondary  leads  have  their 
M»mp™„  £;X',  ratios     so     chosen 

that  the  current  is 
equal  through  both 
secondaries.  The 
normal  current, 
therefore,  c  i  r  c  u- 
lates  through  the 
two  transformers 
and  does  not  pass 
through  the  relay  because  of  its  impedance.  If  a  short- 
circuit  occurs  in  the  power  transformer,  the  current 
through  the  current  transformers  will  be  reversed  in  di- 
rection so  that  it  cannot  circulate  through  them,  but  will 
flow  through  the  relay  and  cause  it  to  operate.  It  is  pos- 
sible that  the  ratio  of  the  power  transformer  may  be 
such  that  standard  current  transformers  placed  in  its 
primary  and  secondary  will  not  have  equal  secondary 
currents,  in  which  case  the  difference  between  the  two 
currents  will  flow  through  the  relay.     There  is  no  par- 


ticular disadvantage  in  this  if  the  relay  is  given  a  suf- 
ficiently high  current  setting. 

Generators — It  has  been  considered  bad  practice  to 
place  automatic  devices  in  alternator  circuits,  because 
overload  relavs  could  not  be  set  accurately  enough  and 
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FIG.   l8 — PROTECTION  OF  A  TRANSFORMER 


FIG.    19 — PROTECTION  OF  A    GENERATOR 

reverse-power  relays  were  unreliable.  However,  some 
engineers  insist  upon  generator  protection  because  of 
the  extensive  damage  which  will  occur  before  a  short- 
circuited  generator  can  be  disconnected  by  the  operator. 
Fig.  19  shows  a  scheme  for  connecting  balanced  current- 
transformers  similar  to  that  shown  in  Fig.  18.  It  will 
protect  against  occurrence  of  short-circuits  in  the  gen- 
erator windings  or  in  the  leads,  and  it  will  not  introduce 
any  risks  of  disconnecting  the  generator  upon  the  occur- 
rence of  an  overload ;  but  it  has  the  objection  of  requir- 
ing the  opening  of  the  generator  winding  at  the  neutral 
point,  which  is  often  difficult,  and  it  cannot  well  be  ap- 
plied to  delta-connected  machines.  It  is  believed  that  sat- 
isfactory protection  can  be  obtained  against  generator 
failures  by  installing  reverse-power  relays  to  operate  on 
a  current  slightly  less  than  the  sustained  short-circuit 
value  of  the  generator  and  with  a  definite  time-limit  of 
say  one-half  second.  This  will  not  disconnect  the  gen- 
erator upon  loss  of  field  if  it  is  carrying  load,  although  it 
might  disconnect  it  if  it  is  unloaded. 

Motors — The  protection  of  motors  has  been  thor- 
oughly standardized,  the  only  doubtful  feature  of  exist- 
ing practice  being  the  often  unnecessary  use  of  the  low- 
voltage  release;  a  short-circuit  on  a  distribution  system 
frequently  lowers  the  voltage  at  a  sub-station  to  such  a 
value  as  to  have  the  same  effect  as  an  interruption.  If 
the  system  is  properly  sectionalized  a  short-circuit 
should  be  cleared  within  three  seconds,  and  practically 
any  motor  load  will  withstand  such  a  disturbance  with- 
out inconvenience.  It  is  therefore  obvious  that  the  use 
of  a  device  which  will  instantly  disconnect  a  motor 
when  the  voltage  falls  to  a  low  value  does  not  assist  in 
maintaining  continuous  service.  It  is  better  practice 
to  equip  the  low-voltage  release  with  a  short  time-limit, 
or  to  omit  it  entirely  and  depend  upon  an  overload 
device  for  protection. 

The  effect  of  a  short-circuit  on  a  distribution  system 
should  also  be  considered  when  adjusting  the  overload 
device  on  a  motor.     When  an  unbalanced  short-circuit, 
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such  as  has  been  previously  described,  occurs  on  a  sys- 
tem, all  motors,  both  synchronous  and  induction,  at- 
tempt to  maintain  a  balanced  voltage  on  all  three  phases. 
A  motor  under  such  conditions  will  receive  power  from 
the  good  phases  and  send  it  back  into  the  line  over  the 
bad  phase,  with  the  result  that  the  current  in  all  three 
wires  is  excessive.  Overload  protective  devices  on 
motors  should  therefore  have  sufficient  time  limit  to 
allow  the  sectionalizing  circuit  breakers  on  the  distribu- 
tion system  to  clear  the  trouble  before  the  motors  will 
be  disconnected. 

Protecting  Threc-Phase,  Star-Delta  Transformers — 
A  three-phase  bank  of  star-delta  transformers,  having 
a  grounded  neutral,  acts  in  a  manner  similar  to  an  in- 
duction motor  in  that  it  attempts  to  maintain  the  voltage 
equal  on  all  three  phases.  As  a  result,  if  a  ground  occurs 
on  the  distribution  system,  the  star-delta  transformers 
will  supply  current  to  the  grounded  wire,  irrespective  of 
whether  these  transformers  are  at  substations  or  gener- 
ating stations.  In  other  words,  if  a  small  bank  of  trans- 
formers is  connected  to  a  large  system,  and  has  its 
neutral  grounded,  it  will  be  subject  to  short-circuit  con- 
ditions every  time  there  is  a  ground  on  the  distribution 
system.  For  this  reason  banks  of  small  transformers 
should  have  their  neutrals  isolated,  not  only  because  of 
the  strain  which  frequent  short-circuits  throw  on  them, 
but  also  because  of  the  frequent  interruptions  caused  to 
the  customer. 

The  above  argument  applies  principally  to  high- 
voltage  systems,  but  it  is  necessary  to  consider  the  same 
conditions  on  a  low-voltage  four-wire  system.  Four- 
wire  systems  are  usually  used  when  a  large  amount  of 
single-phase  load  is  to  be  distributed,  and  as  a  result  the 
voltage  on  the  three  phases  is  liable  to  be  unbalanced. 
When  a  bank  of  delta-star  transformers  is  connected  on 
to  such  a  system,  the  question  of  grounding  the  neutral 
must  be  carefully  considered.  As  a  rule,  it  is  dangerous 
to  make  such  a  connection  if  the  transformers  are  small, 
but  if  they  are  large  it  may  be  advisable  to  utilize  them 
to  assist  in  maintaining  balanced  voltage.  The  balancing 
is  effected  by  drawing  current  from  the  high-voltage 
phases  and  supplying  it  to  the  low-voltage  phase,  with 
the  result  that  there  is  a  flow  of  current  through  the 
neutral  connection.  The  possibility  of  burning  out  the 
transformers  can  be  prevented  by  installing  an  overload 
relay  in  the  neutral  connection  and  connecting  it  so  it 
will  sound  an  alarm  or  automatically  open  the  neutral. 

It  frequently  happens  that  star-delta  transformers 
are  connected  to  the  main  circuit  through  fuses,  and 
trouble  is  encountered  when  a  single  fuse  is  opened.  If 
the  transformer  neutral  is  ungrounded,  the  load  will 
operate  single-phase,  with  the  possibility  of  injuring  the 
motors.  On  the  other  hand,  if  the  neutral  is  grounded, 
two  of  the  transformers  will  carry  all  the  load  at  a  much 
lower  power-factor  than  normal.  Usually  there  is  no 
way  of  knowing  that  the  fuse  is  blown,  with  the  result 
that  the  transformers  will  continue  to  carry  the  overload 
until  they  are  destroyed.  A  relay  installed  in  the  neutral 
and  arranged  to  give  an   alarm  seems  to  be  the  best 


means  of  preventing  the  transformers  from  being  dam- 
aged. 

Protecting  Small  Substations — It  sometimes  happens 
that  a  substation  is  supplied  by  duplicate  feeders  which 
are  equipped  with  reverse-power  relays  to  operate  in 
case  of  line  trouble,  and  it  is  desired  to  install  overload 
relays  which  will  open  both  circuit  breakers  in  case  of 
trouble  on  the  substation  bus-bars.  This  can  be  done  by 
installing  overload  relays  in  series  with  the  reverse- 
power  relay,  but  the  time  setting  must  be  sufficiently  high 
so  that  the  operation  of  the  reverse-power  relays  will 
not  be  interfered  with.  A  further  disadvantage  is  that 
the  setting  of  the  overload  relays  must  be  changed 
whenever  one  of  the  lines  is  disconnected  if  it  is  desir- 
able to  maintain  the  same  degree  of  protection.  Both 
these  objections  can  be  overcome  by  installing  an  over- 
load relay  in  such  a  way  that  it  is  operated  by  the  total 
current  flowing  into  the  substation  in  the  manner  shown 
in  Fig.  20. 

DETAILS   OF   RELAY   CONSTRUCTION 

The  Plunger  Type  of  overload  relay,  although  widely 
used  for  simple  applications,  such  as  the  protection  of 
motors,  is  not  adapted  to  the  accurate  work  required  in 
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FIG.   20 — PROTECTION   OF  A    SUBSTATION    SUPPI.IEU    BY 
DUPLICATE  LINES 

automatically  sectionalizing  distribution  networks.  Some 
of  these  relays  now  on  the  market  have  received  a  bad 
reputation  because  of  their  poor  workmanship  and  de- 
sign. One  difficulty  is  that  the  continuous  vibration  to 
which  they  are  subjected  gradually  loosens  the  set 
screws  and  other  parts,  with  the  result  that  they  fail  to 
operate  at  a  critical  time  .  It  must  be  remembered  that 
the  force  on  the  plunger  increases  as  the  square  of  the 
increase  in  current,  with  the  result  that  the  forces  reach 
enormous  values  when  hea\'y  short-circuits  occur.  It  is, 
therefore,  no  uncommon  thing  for  relays  of  this  type  to 
be  so  seriously  damaged  by  a  heavy  short-circuit  that 
they  will  not  operate  when  another,  milder,  short-circuit 
occurs. 

Bellows  Type — -The  plunger  type  relays  which  de- 
pend upon  a  bellows  for  their  time  limit  are  unsatisfac- 
tory, because  an  extreme  short-circuit  compresses  the 
air  in  the  bellows  until  contact  is  made,  and  then  at  the 
zero  point  in  the  current  wave,  when  the  force  on  the 
plunger  is  released,  the  air  in  the  bellows  expands  and 
opens  the  contact.  This  "chattering"  not  only  causes  the 
contacts  to  be  badly  damaged  by  the  arcing,  but  delays 
the  opening  of  the  circuit  breaker.     The  definite-time 
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relay  is  usually  so  designed  that,  when  the  core  is  lifted, 
it  compresses  a  spring  which,  in  turn,  acts  upon  the 
bellows.  After  the  core  has  been  lifted,  the  current 
required  to  hold  it  in  the  raised  position  is  much  less 
than  that  required  to  lift  it,  with  the  result  that  the 
relay  will  not  reset  until  the  overload  has  decreased  to  a 
current  much  smaller  than  the  tripping  value. 

Oil  Dash  Pot — The  plunger-type  relay,  having  an 
oil-filled  dash  pot  as  its  time-limit  device,  cannot  be  used 
for  automatic  sectionalizing  because  of  the  great  change 
in  the  viscosity  due  to  changes  in  temperature  . 

Expense  of  Adjustment — -An  objection  to  the  use  of 
all  such  relays  is  that  the  expense  of  adjusting  them  for 
accurate  work  is  oftentimes  greater  than  the  cost  of  the 
relays  themselves.  It  is  possible  that  an  automatic  sec- 
tionalizing scheme  could  be  so  laid  out  that  time  limits 
varying  by  steps  of  one  to  two  seconds  could  be  used,  in 
which  case  the  bellows  type  of  relay  might  be  sufficiently 
accurate,  but  such  accuracy  could  not  be  obtained  except 
at  considerable  expense.  In  order  to  adjust  relays  of 
this  type  it  is  necessary  to  disconnect  them  from  the 
circuit  and  connect  them  to  a  test  circuit  which,  in  many 
cases,  is  not  easy  to  obtain.  In  addition,  a  chronograph, 
ammeter  and  control  device  are  necessary.  Needless  to 
say,  such  a  calibration  must  be  made  by  a  skilled  tester. 
If  a  change  in  the  time  limit  is  later  required  it  is  nec- 
essary to  repeat  the  entire  process. 

Induction  Type — The  best  feature  of  the  induction 
type  of  overload  relay  is  its  remarkable  accuracy  and 
permanence  of  calibration.  The  use  of  permanent  mag- 
nets as  a  time-limit  device  prevents  over-swinging  and 
chattering  of  the  contacts,  and  the  construction  is  such 
that  the  relay  will  instantly  cease  its  movement  when 
the  overload  disappears.  There  is  no  possibility  of  me- 
chanical injury  due  to  excessive  currents  when  the 
torque  compensator  is  used,  because  the  saturation  of 
the  iron  prevents  the  mechanical  forces  from  increasing 
beyond  a  certain  amount. 

Ease  of  Adjustment — -The  current  and  time  adjust- 
ment of  the  induction  relays  shown  in  Figs,  i  and  2  are 
plainly  and  accurately  marked  and  any  desired  change 
can  be  made  at  a  moment's  notice.  This  is  a  feature 
much  appreciated  by  the  operating  man  who  is  respon- 
sible for  the  successful  operation  of  the  automatic  sec- 
tionalizing devices  on  his  system.  He  can  personally 
check  the  setting  of  every  relay  and  thus  be  sure  that 
no  incorrect  operation  will  result  due  to  the  carelessness 
or  incompetence  of  an  assistant. 

Relay  Contacts — One  difficulty  in  relay  operation 
which  requires  consideration  is  that  which  occurs  due  to 
the  burning  of  the  contacts  when  heavy  tripping  cur- 
rents are  handled.  The  tripping  circuits  are,  as  a  rule, 
highly  inductive,  and  an  arc  which  would  be  formed  due 
to  opening  such  a  circuit  will  persist  for  a  considerable 
length  of  time,  and  thus  cause  an  unnecessary  amount  of 
burning  on  the  relay  contacts.  For  this  reason  it  is  nec- 
essary that  the  tripping  circuit  be  opened  by  an  aux- 
iliary switch  fastened  to  the  circuit  breaker  in  such  a 
way  that  the  opening  of  the  circuit  breaker  automatically 
opens  the  tripping  circuit.     It  sometimes  happens  that 


large  circuit  breakers  require  a  much  heavier  current 
to  trip  them  than  can  safely  be  carried  by  the  relays. 
This  difficulty  is  overcome  by  the  use  of  an  auxiliary 
relay  switch  which  is  operated  by  the  protective  relay 
and  which  closes  the  tripping  circuit  of  the  main  circuit 
breaker.  A  relay  switch  is  also  used  when  it  is  desired 
to  trip  several  circuit  breakers  from  one  relay. 

Series  Tripping — The  usual  method  of  tripping  cir- 
cuit breakers  is  by  means  of  a  trip  coil  operated  by  direct 
current,  and  for  this  purpose  relays  known  as  "circuit- 
closing"  relays  are  used.  Where  a  source  of  direct- 
current  power  is  not  available  it  has  been  customary  to 
use  "circuit-opening"  relays  which  normally  short- 
circuit  the  trip  coil  of  the  circuit  breaker — when  the 
relay  operates ;  it  opens  this  short-circuit  and  allows 
current  from  the  current  transformer  to  energize  the 
trip  coil.  In  theory  this  scheme  operates  very  nicely, 
but  in  practice  it  has  been  found  that  the  short-circuiting 
device  is  quite  likely  to  develop  a  high  resistance  in  its 
contacts,  which  will  cause  the  trip  coil  to  operate  when 
there  is  no  occasion  for  it  to  do  so.  Up  to  the  present 
time  no  satisfactory  circuit-opening  protective  relay  has 
been  placed  on  the  market,  a  statement  which  can  easily 
be  proved  by  referring  to  the  changes  which  manufac- 
turers are  continually  making  in  the  design  of  this  type 
of  relay.  All  the  difficulties  which  occurred  with  the 
circuit-opening  relay  have  been  overcome  by  the  devel- 
opment of  the  "direct-trip  attachment,"  which  utilizes 
current  from  the  current  transformer  to  trip  the  circuit 
breaker,  but  which  operates  with  a  circuit-closing  relay. 

Load  on  Instrument  Transformer — When  selecting 
a  relay  for  use  on  current  transformers  which  also  oper- 
ate instruments,  it  is  important  to  consider  the  load 
which  the  relay  places  on  the  transformer.  The  induc- 
tion type  of  relay  requires  a  smaller  amount  of  energy 
than  does  any  other  type,  a  feature  to  be  appreciated 
when  bushing-type  current  transformers  are  used. 
When  transformers  of  this  type  are  heavily  loaded  their 
ratio  is  not  constant  and  there  is  also  a  noticeable  diflfer- 
ence  in  phase  between  the  primary  and  secondary  cur- 
rent. The  reverse-power  relays  shown  in  Fig.  2  require 
such  a  small  amount  of  energy  that  the  phase  angle 
error  will  not  be  great  enough  to  affect  their  operation 
even  if  they  are  used  on  bushing-type  current  trans- 
formers having  a  small  ratio  of  transformation. 

Convenience  in  Testing  —  In  selecting  a  reverse- 
power  relay  it  is  not  only  important  to  obtain  one  having 
satisfactory  operating  characteristics,  but  the  question 
of  convenience  in  checking  its  connections  must  be  con- 
sidered. If  the  relay  is  a  sensitive  one.  it  can  be  tested 
by  feeding  a  small  amount  of  power  through  it  in  the 
reverse  direction.  On  some  systems  the  power  loss  in  a 
bank  of  transformers  located  on  the  line  side  of  the 
relays  may  be  sufficient  to  cause  their  selective  elements 
to  operate  backwards  and  thus  test  their  reliability.  On 
the  other  hand,  a  relay  which  required  five  or  ten  per- 
cent reversal  of  power  in  order  to  operate  it  cannot  be 
tested  except  at  great  expense,  and  it  is  usually  neces- 
sary to  determine  by  more  or  less  costly  experience 
whether  or  not  the  relays  are  connected  backwards. 
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THE  term  "polarity"  has  become  recognized  as  de- 
fining the  direction  of  flow  of  current  at  the  ter- 
minals of  electrical  apparatus.  In  connection 
with  transformers  it  indicates  the  relative  directions  of 
the  currents  in  the  primary  and  secondary  leads  at  any 
given  instant.  In  analyzing  the  polarity  of  a  trans- 
former, a  primary  line  lead  and  a  secondary  line  lead, 
brought  out  of  the  case  on  the  same  side  of  the  trans- 
former, as  leads  X  and  A,  Fig.  i,  are  used  for  reference. 

DIRECTION   OF  INST.\NTANE0US  VOLTAGES   AND   CURRENTS 

An  arrangement  of  coils,  which  is  typical  of  the 
shell-type  transformer,  is  shown  in  Fig.  i,  and  illustrates 
the  polarity  which  is  standard  for  Westinghousc  power 
transformers.  For  simplicity,  only  two  primary  and  two 
secondary  coils,  grouped  in  a  L-H-H-L  arrangement, 
are  shown,  although  in  actual  practice  more  coils  are 
used.  Small  transformers  use  this  grouping  (called 
2  HL  from  the  number  of  groups  of  opposed  high- 
voltage  and  low-voltage  coils),  while  in  larger  trans- 
formers the  coils  are  split  up  into  a  greater  number  of 
similar  groupings  {4  HL,  6  HL,  8  HL,  etc.). 

The  terminals  of  a  generator  are  assumed  to  be  con- 
nected to  the  low- voltage  coils,  Fig.  i,  and  the  impressed 
voltage  at  a  given  instant  is  assumed  to  be  in  the  direc- 
tion from  A''  to  Y.  The  flux  caused  by  this  impressed 
voltage  induces  voltages  in  both  primary  and  secondary 
coils  which  are  in  the  same  direction ;  i.  e.,  from  )'  to  .Y 
in  the  primary  coils  and  from  B  to  A  in  tlie  secondary 
coils.  In  the  primary  coils  this  induced  voltage  is  a 
counter  e.m.f.  which  directly  opposes  the  impressed  volt- 
age. This  counter  e.m.f.  is  enough  less  than  the  im- 
pressed voltage  to  allow  the  load  current  to  flow. 

The  potential  above  ground  of  a  winding  whose  volt- 
age is  impressed  from  an  outside  source  falls  pro- 
gressively from  the  high  potential,  or  positive  end  of  the 
winding,  to  the  low  potential,  or  negative  end,  and  the 
direction  of  the  flow  of  current  is  from  the  positive  end 
to  the  negative  end.  On  the  other  hand,  in  a  winding 
within  which  voltage  is  induced,  the  potential  above 
ground  rises  progressively  from  the  low  potential  end  of 
the  winding  to  the  high  potential  end,  and  the  current  is 
pumped  up,  as  it  were,  from  the  low  potential  or  nega- 
tive end  to  the  high  potential  or  positive  end.  The 
arrows  used  in  the  figures  indicate  instantaneous  direc- 
tions of  voltages  and  currents,  and  the  high  potential 
and  low  potential  points  of  the  windings  are  marked 
-f  and  — ,  respectively.  Half  a  cycle  later  all  arrows 
will  be  reversed,  but  the  relative  directions  will  be  un- 
changed. 


The  same  conditions  as  regards  relative  directions 
of  voltages  and  currents  are  present  in  a  core-tyi)e  trans- 
former as  in  a  shell-type  transformer,  and  the  general 
discussion  throughout  applies  equally  well  to  both  types. 

KINDS   OF    POLARITV 

In  making  up  the  assembly  of  the  primary  and  sec- 
ondary coils  and  their  connections  either  one  of  two 
polarities,  called  "subtractive"  or  "additive,"  may  be 
produced.  The  relative  directions  of  the  currents  in 
the  external  primary  and  secondary  leads  depend  upon 
whether    the    coils    are    assembled,    as    shown    in    Fig. 
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I'IG.     I — DIRECTIONS    or    INSTANT.\>;EOUS    VOI.TACES    .\Xl)    CURRENTS 
WITH     A     SUBTRACTIVE    WINDING    POLARITY 

I,  or  whether  the  coils  of  either  one  of  the  windings 
are  reversed.  This  assembly  of  the  coils,  therefore, 
fixes  the  winding  polarity.  If  the  leads  coming  from 
either  the  primary  or  the  secondary  coils  are  crossed 
before  they  are  brought  through  the  case,  the  relative 
directions  of  the  currents  in  the  external  leads  are 
changed  and  the  external  polarity  of  the  transformer 
is  changed.  The  external  polarity,  therefore,  dej^ends 
not  only  upon  the  winding  polarity,  but  also  upon  the 
connections  of  the  coils  and  external  leads.  It  is 
generally  undesirable  to  cross  the  leads  inside  the  case 
on  account  of  the  difficulty  in  getting  sufficient  clearance 
between  them  for  mechanical  and  electrical  reasons,  and 
throughout  this  discussion  the  leads  are  assumed  to  be 
brought  out  straight  from  the  coils  through  the  case, 
which  is  the  natural  and  logical  arrangement. 

As  far  as  the  delivery  of  power  by  the  secondary 
winding  is  concerned,  it  makes  no  difference  which  way 
the  coils  are  assembled  and  the  connections  are  made. 
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From  the  standpoint  of  voltage  stresses  between  coils, 
however,  the  choice  of  winding  polarity  in  many  cases 
has  a  great  deal  to  do  with  the  cost  and  reliability  of  the 
transformer. 


SUBTRACTIVE    POLARITY 


\\\\.\\  the  coils  assembled  and  connected  as  in  Fig 
the  directions  of  the  currents  in  the  leads  at  a  ei 


FIG.   2 — SUBTRACTIVE   POI..\Rri'V 

Showing  voltage  stresses  between  leads  and  coils  of  a  44000 
to  22  000  volt  transformer  under  normal  conditions  when  the 
middle  points  of  the  windings  are  neutral  points  at  zero  or 
ground  potential.  The  vertical  distances  represent  induced 
voltages.  The  sloping  line  under  each  coil  represents  the  volt- 
age induced  in  that  coil.  Light  lines  represent  the  potentials 
of  the  high-voltage  coils,  and  the  heavy  lines  the  potential  of 
the  low-voltage  coils.  The  vertical  distance  between  the  light 
and  heavy  lines  represents  difference  of  potential  or  voltage 
stresses. 

instant  are  as  shown  by  the  arrows.  At  any  instant  the 
voltage  stresses  between  points  in  the  coils  are  pro- 
portional to  the  diflference  of  potential  between  such 
points.  It  will  be  seen  that  the  ends  of  the  wind- 
ings connected  to  A  and  X  are  positive  and  have  a 
potential  aboi'e  ground  at  the  instant  when  the  current.s 
and  voltages  are  as  shown,  and  at  the  same  instant  the 
ends  of  the  windings  connected  to  B  and  Y  are  negative 
and  have  a  potential  loiver  than  ground  potential.  The 
potentials  of  adjacent  points  in  the  windings  are  obvi- 
ously more  nearly  equal  when  they  are  of  the  same  sign 


FIG.   3 — SUBTR.\CTIVE   POL.\Rrrv 

Representing  accidental  contact  between  leads  A  and  X  on 
the  same  side  of  the  transformer.  The  voltage  between  leads 
B  and  Y  is  the  difference  between  the  voltages  of  the  high  and 
low-potential  windings. 

and   the   voltage   stresses   between    such    points    are    a 
minimum. 

If  the  adjacent  ends  of  the  windings,  such  as  A  and 
.Y  in  Fig.   i.  are  connected  together,  the  voltage  stress 


between  the  free  ends  of  the  windings,  B  and  Y,  will  be 
the  difference  between  the  voltages  of  the  windings, 
hence  the  term  subtractive  polarity.  In  the  A.I.E.E. 
Standardization  Rules  this  polarity  is  referred  to  under 
"Transformer  Connections"  as  that  having  "high  and 
low-voltage  windings  in  phase."  It  is  sometimes  called 
negative  polarity. 

To  see  the  practical  effects  of  subtractive  polarity, 
assume  that  the  transformer  is  one  having  a  4  H-L 
grouping  of  coils  and  a  ratio  of  44  000  to  22  000  volts. 
The  voltages  induced  in  the  windings  and  the  insulation 
stresses  between  coils  and  leads  under  normal  conditions 
are  as  shown  in  Fig.  2.  The  difference  of  potential  be- 
tween leads  A  and  X  and  between  leads  B  and  Y  is  only 
1 1  000  volts,  and  the  insulation  stresses  throughout  the 
entire  group  of  coils  are  low. 

If  leads  A  and  X  on  the  same  side  of  the  trans- 
foriner,  or  the  conductors  connected  to  them,  should  ac- 
cidentally come  into  contact,  the  potential  of  lead  A 
would  be  the  same  as  X  and  the  successive  potentials 
throtighout  the  high-voltage  winding  would  be  as  shown 
by  the  light  line  in  Fig.  3.  Under  this  abnormal  con- 
dition the  difference  of  potential  between  leads  B  and  Y 


FIG.   4 — SUBTR-XCTIVE   POL.\RITV 

Kepresents  accidental  contact  between  leads  A  and  Y  on  oppo- 
site sides  of  the  transformer. 

would  be  22  000  volts,  which  is  the  difference  between 
the  voltages  of  the  two  windings.  If  leads  B  and  Y 
should  come  into  contact  this  potential  difference  of 
22  000  volts  would  appear  between  leads  A  and  X. 

If  lead  A  on  one  side  of  the  transformer  should  acci- 
dentally come  into  contact  with  lead  Y  on  the  other  side 
of  the  transformer,  the  potential  conditions  throughout 
the  windings  would  become  as  shown  in  Fig.  4.  The 
(liflerence  of  potential  between  leads  B  and  Y  becomes 
44  000  volts.  If,  however,  leads  B  and  X  should  come 
into  contact  this  44000  volt  stress  would  appear  be- 
tween leads  A  and  X. 

The  distinctive  features  of  subtractive  polarity  may 
be  summarized  as  follows : — 

/ — When  the  instantaneous  flow  of  current  is  toward  the 
transformer  in  the  high-voltage  lead,  it  is  away  from  the  trans- 
former in  the  low-voltage  lead  on  the  same  side  of  the  trans- 
former. The  effect,  as  far  as  direction  of  current  is  concerned, 
is  the  same  as  if  the  circuit  were  continuous  without  the  trans- 
former connected  in  it. 

s — If  the  adjacent  ends  of  the  high-voltage  and  low-voltage 
windings  are  connected  together,  the  voltage  existing  between 
the  free  ends  of  the  windings  will  be  the  difference  between  the 
voltages  of  the  high-voltage  and  low-voltage  windings. 
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If  the  primary  coils  of  Fig.  i  are  reversed  in 
position  with  respect  to  the  other  coils  in  such  a  way 
that  the  direction  of  the  windings  will  be  reversed,  but 
the  connections  between  the  coils   left  unchanged,   as 
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FIG.    5 — DIRECTIONS    OF    INSTANTANEOUS    VOLTAGES    AND    CURRENTS 
WITH   ADDITIVE  WINDING  POLARITY 

Standard  for  distributing  transformers. 

shown  in  Fig.  5,  the  relative  directions  of  the  voltages 
and  of  the  currents  in  the  external  leads  will  be  reversed. 
The  polarity  will  be  changed  and  the  directions  of  the 
currents  at  a  given  instant  will  be  as  shown  by  the 
arrows.  The  same  change  of  polarity  would  result  if 
the  secondary  coils  had  been  reversed  in  position  with 
respect  to  the  primary  coils. 

The  induced  voltages  in  Fig.  5  are  such  that  adjacent 
ends  of  the  windings  have  potentials  of  opposite  sign  at 
any  instant.    Obviously,  then,  the  voltage  stress  between 


of  the  voltages  of  the  windings.  This  is  the  significance 
of  the  term  additive  polarity.  The  American  Institute 
Standardization  Rules,  under  "Transformer  Connec- 
tions," refer  to  this  polarity  as  that  having  "high  and 
low-voltage  windings  180  degrees  apart  in  phase."  It  is 
sometimes  called  positive  polarity  and,  as  it  is  the 
standard  polarity  for  distributing  transformers  with  all 
manufacturers,  it  is  spoken  of  as  "distributing  polarity." 

If  the  transformer.  Fig.  5,  is  assumed  to  have  a  4  H-L 
grouping  of  coils  and  a  ratio  of  44  000  to  22  000  volts  as 
before,  the  potentials  of  the  windings  and  the  insulation 
stresses  between  coils  and  leads  under  normal  condi- 
tions will  be  as  shown  in  Fig.  6.  The  difference  of 
potential  between  leads  B  and  X  and  between  leads  A 
and  Y  is  33  000  volts,  which  is  higher  than  with  the 
subtractive  polarity.  The  insulation  stresses  throughout 
the  entire  group  of  coils  are  similarly  higher  than  with 
the  subtractive  polarity. 

If  leads  B  and  X  on  the  same  side  of  the  transformer 
should  accidentally  come  into  contact,  the  potential  of 
lead  B  would  become  the  same  as  lead  X  and  the  poten- 
tials throughout  the  high-voltage  winding  would  be  as 
shown  by  the  light  line  in  Fig.  7.     Under  this  abnor- 


FIG.  6 — ADDITIVE  POLARITY 

Voltage  stresses  under  normal  conditions. 

any  two  adjacent  points  will  be  greater  than  if  these 
points  had  potentials  of  the  same  sign.  If  the  adjacent 
ends  of  the  windings,  such  as  B  and  X,  are  connected 
together,  it  will  be  found  that  the  voltage  stress  between 
the  free  ends  of  the  windings,  A  and  Y,  will  be  the  sum 
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FIG.   7 — -•IDDITIVE  POLARITY 

Represents  accidental  contact  between  leads  B  and  X  on 
the  same  side  of  the  transformer.  The  voltage  between  leads 
A  and  Y  is  the  sum  of  the  voltages  on  the  high  and  low-poten- 
tial windings. 

mal  condition  the  difference  of  potential  between  leads 
A  and  Y  would  become  66000  volts,  which  is  the  sum 
of  the  voltages  induced  in  the  two  windings.  If,  on  the 
other  hand,  leads  A  and  Y  should  come  into  contact, 
this  potential  difference  of  66000  volts  would  appear 
between  leads  B  and  X. 

If  lead  B  on  one  side  of  the  transformer  should 
accidentally  come  into  contact  with  lead  Y  on  the  other 
side  of  the  transformer,  the  potential  conditions  would 
become  as  shown  in  Fig.  8.  The  dift'erence  of  potential 
between  leads  A  and  Y  becomes  44  000  volts.  If  leads 
A  and  X  should  come  into  contact  this  stress  of  44000 
volts  would  appear  between  leads  B  and  X. 

The  distinctive  features  of  the  additive  polarity  may 
be  summarized  as  follows : — 

/ — When  the  instantaneous  flow  of  current  is  toward  the 
transformer  in  a  high-voltage  lead,  it  is  also  toward  the  trans- 
former in  the  adjacent  low-voltage  lead  on  the  same  side  of  the 
transformer.  The  effect  of  placing  the  transformer  in  the  cir- 
cuit, as  far  as  direction  of  current  is  concerned,  is  to  reverse 
the  ilovv  of  current  in  the  system. 
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2 — If  the  adjacent  ends  of  the  high-voltage  and  low-voltage 
windings  be  connected  together,  the  voltage  developed  between 
the  free  ends  of  the  windings  will  be  the  sum  of  the  voltages  of 
the  high  and  low-voltage  windings. 

SUBTRACTIVE   VERSUS    ADDITIVE   POLARITY 

A  direct  comparison  of  the  voltage  stresses  obtained 
under  different  conditions  with  the  transformers  used  in 
the  preceding  examples  reveals  conditions  favorable  to 
subtractive  polarity,  as  shown  in  Table  I.  The  ratio  of 
test  voltage  to  maximum  voltage  stress  in  Table  I  shows 
that  the  insulation  stresses  with  subtractive  polarity  are 
such  that  under  worst  conditions  the  standard  insulation 
tests  represent  a  ratio  of  two,  and  under  normal  condi- 
tions the  factor  of  safety  is  very  much  increased.  With 
the  additive  polarity  the  standard  insulation  test  fails 
to  provide  a  ratio  of  two  under  one  condition,  and 
under  normal  conditions  the  factor  of  safety  is  much 
less  than  with  the  subtractive  polarity.  To  provide 
a  ratio  of  two  between  the  test  voltage  and  the  maxi- 
mum voltage  stress  under  abnormal  conditions,  with 
the  additional  looo  volts  prescribed  by  the  A.I.E.E. 
rules,  would  require  a  test  of  133  000  volts  instead  of 
89  000  volts.  This  would  require  additional  insula- 
TABLE  I— COMP.'^RISON  OF  POLARITIES 


Conditions  of 
Operation 

Subtractive  Polarity 

Additive  Polarity     1 

Maximum 

Voltage 
Stress  be- 
tween Coils 

Ratio  of 

Test  Voltage 

to  Maximum 

Stress* 

Maximum 

Voltage 

Stress   be- 

I  ween  Coils 

Ratio  of 

Test  Voltage 

to  Maximum 

Stress* 

Normal 

Leads  on  same 
side  of  trans- 
former in  con- 
tact  

1 1000 
22000 
44000 

8.09 
4.04 

2  .02 

33000 
66000 
44000 

2  .70 
1-35 
2  .02 

Leads   on   op- 
posite sides  of 
t  r  a  n  sf  ormer 
in  contact .  . . 

*Based  on  the  standard  test  between  windings  of  twice  the 
normal  voltage  plus  lOOO,  or  89  000  volts. 

tion  to  make  the  transformer  safe  and  would  involve 
the  hazard  of  operating  with  needlessly  high-voltage 
stresses. 

The  conditions  of  insulation  stress  between  coils  in 
each  phase  of  a  three-phase  transformer  are  exactly  the 
same  as  in  the  case  of  a  single-phase  transformer.  In 
connecting  these  phases  together,  however,  there  are  a 
number  of  combinations  possible  in  forming  the  star  and 
delta  connections.  This  makes  possible  a  large  number 
of  different  polarity  combinations  at  the  leads. 

The  choice  of  polarity  is  relatively  unimportant, 
from  an  insulation  point  of  -view,  when  the  voltage  of 
one  winding  is  a  small  percentage  of  the  voltage  of  the 
other  winding.  With  a  ratio  of  2200  to  220  volts,  for 
instance,  it  matters  little  as  far  as  insulation  stresses 
are  concerned  whether  the  low  voltage  is  added  to,  or 
subtracted  from,  the  high  voltage.  This  is  the  condition 
for  the  ordinary  distributing  transformer  with  a  ratio 
of  2200  to  220  or  no  volts.  Additive  polarity  was  used 
in  the  early  days  of  building  transformers.  It  was  con- 
tinued until  its  use  is  now  general  for  distributing  trans- 
formers.    The  ratios  and  voltages  usually  involved  in 


such  transformers  make  the  matter  of  polarity  of  less 
importance  than  a  standard  practice,  and  market  condi- 
tions now  require  the  additive  polarity.     In  all  cases, 


FIG.  8 — ADDITIVE  POLARITY 

Represents  accidental  contact  between  leads  B  and  Y  on  oppo- 
site sides  of  the  transformer. 

however,  a  safer  and  more  reliable  transformer  results 
when  the  subtractive  polarity  is  used,  the  degree  of  im- 
provement depending  upon  the  ratio  of  voltages. 

STANDARDIZATION    OF    POLARITY    MARKINGS 

The  latest  rules  of  the  A.I.E.E.  provide  for  marking 
the  high-voltage  leads  of  single-phase  transformers  with 
the  letters  A  and  B  and  the  low-voltage  leads  with  the 
letters  X  and  Y.  These  markings  are  to  be  applied  so 
that  the  potential  difference  from  A  towards  B  will  have 
the  same  sign  at  any  instant  as  the  potential  difference 
from  A'  towards  Y.  The  markings  used  in  the  illustra- 
tions of  this  article  agree  with  this  convention. 

The  high-vohage  leads  of  a  three-phase  transformer 
are  to  be  marked  A,  B  and  C  and  the  low-voltage  leads 
X,  Y  and  Z,  or  in  the  case  of  a  six-phase,  low-voltage 
winding  the  leads  are  to  be  marked  U,  V,  W,  X,  Y  and 
Z.  These  letters  are  applied  so  that  if  the  phase 
sequence  of  voltage  on  the  high-voltage  side  is  in  the 
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FIG.  9 — A.I.E.E.   CLASSIFICATION   OF   POL.\RITIES 

order  .d  to  B  to  C,  it  will  be  in  the  order  of  Z  to  7  to 
Z,  or  [/  to  F  to  W ,  etc.,  on  the  low-voltage  side.  The 
phase  combinations  which  are  generally  used  are  classi- 
fied into  groups  in  the  A.I.E.E.  Rules,  as  shown  in 
Fig.  9. 
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PARALLEL   OPERATION 


Obviously,  one  of  the  requirements  for  operating 
transformers  in  parallel  is  that  their  polarities  be  the 
same,  or  that  equivalent  polarities  be  obtained  by  cross- 
ing their  leads.  With  the  markings  prescribed  by  the 
Institute  Rules  it  is  necessary  simply  to  connect  to- 
gether leads  which  are  similarly  marked,  assuming  that 
their  voltages,  ratios,  resistances  and  reactances  are  such 
as  to  permit  parallel  operation.  The  crossing  of  their 
leads,  which  becomes  necessary  if  the  transformers  are 
of  different  polarity,  is  generally  practicable  with  single- 
phase  transformers  if  it  is  done  on  the  outside  of  the 
case,  where  there  is  usually  plenty  of  room  and  where 
the  wiring  is  easily  accessible. 

A  great  many  of  the  combinations  of  interphase  con- 
nections in  the  case  of  three-phase  transformers  produce 
angular  displacements  between  the  high-voltage  and  low- 
voltage  circuits.  For  this  reason  it  becomes  necessary, 
before  connecting  three-phase  transformers  in  parallel, 
not  only  to  know  that  the  voltages,  ratios  and  imped- 
ances will  permit  parallel  operation,  but  also  to  have  de- 
termined that  the  angular  displacements  are  the  same. 
Transformers  having  connections  as  shown  in  any  one 
group  of  Fig.  9  can  be  operated  in  parallel  by  connect- 
ing similarly  marked  leads  together,  if  their  other  char- 
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FIGS.  10  and  ii — connections  for  testing  polaritv  ok  a  sixr.i.K- 

PHASE    .\ND   tHREE-PH.\SE   TRANSFORMER 

acteristics  will  permit.  Transformers  of  one  group,  how- 
ever, cannot  be  operated  in  parallel  with  transformers 
of  any  other  group. 

It  is  rarely  possible  to  connect  in  parallel  three-phase 
transformers  having  different  polarities  by  crossing  the 
leads  on  the  outside  of  the  case.  The  combinations  of 
connections  between  phases  which  are  possible  often  re- 
quire that  troublesome  internal  changes  be  made  as  well. 

TESTING   FOR    POLARITY 

Polarity  of  a  single-phase  transformer  may  easily  be 
determined  by  exciting  one  winding  and  after  connect- 
ing together  the  adjacent  high-voltage  and  low-voltage 
leads  on  one  side  of  the  transformer,  as  shown  in  Fig. 
ID,  connecting  a  voltmeter  across  the  other  two  ends  of 
the  windings.  If  the  voltmeter  reads  higher  than  the 
impressed  voltage,  the  polarity  is  additive,  and  the  leads 
which  are  tied  together  are  the  A  and  Y  leads  (or  B  and 
A').     If  the  voltmeter  reads  lower  than  the  impressed 


voltage,  the  polarity  is  subtractive  and  the  leads  tied 
together  are  the  A  and  X  leads  (or  5  and  Y). 

Several  different  voltmeter  readings  are  necessary  to 
determine  the  polarity  of  a  three-phase  transformer  defi- 
nitely. A  high-voltage  and  a  low-voltage  lead  should  be 
connected  together  as  shown  in  Fig.  ii.  The  trans- 
former should  then  be  excited  by  connecting  either  the 
high-voltage  or  low-voltage  winding  to  a  steady  balanced 
three-phase  source,  and  single-phase  voltmeter  readings 
should  be  taken  successively  across  A  and  B,  B  and  Y , 
B  and  Z,  and  C  and  Z.  Three-phase  transformers  which 
are  intended  to  operate  in  parallel  should  show  identical 
voltage  measurements  across  these  various  points  when 
excited  in  the  same  way.  With  large  ratios  of  trans- 
formation the  differences  between  measurements  made 
in  checking  the  polarity  will  be  small,  and  it  is  well  to 
make  a  careful  re-check  by  connecting  a  different  pair  of 
high  and  low-voltage  leads  together.* 

The  diagram  in  Fig.  12  shows  the  voltage  relations 
of  the  delta-delta  transformer  of  Group  i  in  Fig.  9, 
when  the  A  lead  is  connected  to  the  X  lead  for  testing 
the  polarity.  This  diagram  shows  that  the  polarity  of 
this  group  is  subtractive.  The  voltage  relations  of  the 
delta-delta  transformer  of  Group  2  under  test  conditions 


I-IC.    12  FIG.    13 

Fig.  12 — Diagram  for  checking  polarity  of  delta-delta  tran.s- 
former  in  Group  /,  Fig.  9.  Voltage  measurement  acro.ss  BY 
equals  that  across  CZ ;  voltage  measurement  across  BY  is  less 
than  that  across  AB;  voltage  measurement  across  BY  is  less 
than  that  across  BZ. 

Fig.  13 — Diagram  for  checking  polarity  of  delta-delta  trans- 
former in  Group  2,  Fig.  9.  Voltage  measurement  across  BK  is 
equal  to  that  across  CZ ;  voltage  measurement  across  BK  is 
greater  than  that  across  AB ;  voltage  measurement  across  BY  is 
greater  than  that  across  BZ. 

are  shown  in  Fig.   13.     The  polarity  for  this  group  is 
additive. 

In  testing  out  the  polarities  of  the  other  transformers 
in  the  groups  of  the  Institute  Rules  it  will  be  found  that 
they  are  all  subtractive  except  Group  2  and  the  double- 
delta  transformers  of  Groups  4  and  5.  In  the  latter, 
the  polarity  of  one  delta  is  necessarily  the  reverse  of  the 
other  to  get  the  six-phase  relations,  so  that  one  is  addi- 
tive and  the  other  subtractiVe. 


*See  article  on  "Determination  of  Polarity  of  Transformers 
for  Parallel  Operation,"  by  Mr.  W.  M.  McConahey,  in  the 
JnuRN.\L  for  July,  1912,  p.  613. 


Recent  Improvements  in  Radio  Communication 


w 


A.  F.  \'an  Dyck 

Department  of  Electrical  Engineering, 

Carnegie  Institute  of  Technology,  Pittsburgh 

HEN  radiotelegraph}'  was  made  practicable  by  continuous  voltage  can  be  used,  and  is  used  in  some  sta- 
Marconi,  the  new  art  appealed  to  popular  imag-  tiuns.  This  condenser  charges  to  a  voltage  sufficient  to 
ination  to  an  extent  not  reached  by  any  other     break  down  a  spark  gap  which  is  part  of  a  closed  dis- 

■"'■''—     ^ ^-''—  '"-  -""-  "'  "■■■:-'-'■•'     charge  circuit  for  the  condenser.     The  condenser  then 

discharges  through  this  circuit  with  decaying  oscillatory 
current  at  a  frequency  determined  by  the  constants  of 
the  circuit.  The  remaining  part  of  the  discharge  circuit 
IS  an  inductance  which  forms  the  primary  of  an  air-core 
transformer,  whose  secondary  is  in  series  with  the 
antetuia  circuit.  Each  discharge  of  the  condenser,  tlien, 
induces  a  voltage  in  the  antenna.  If  the  antenna  con- 
stants are  arranged  for  resonance  to  the  frequency  of 
the  condenser  current,  maximum  current  will  be  ob- 
tained. The  arrangement  of  parts,  as  practiced  in  mod- 
ern sets  of  this  type,  is  shown  in  Fig.  i.  The  spark  gap 
is  the  part  of  chief  interest,  as  diflferent  designs  of  spark 
gaps  give  litierent  characteristics  of  operation.  The  old 
s-:u-k  gap  consisted  simply  of  two  stationary  electrodes. 
There  are  many  objections  to  this  simple  arrangement. 


recent  invention.  Even  today  the  wonder  of  "wireless 
has  not  diminished  greatly.  The  appeal  to  scientific  in- 
vestigators was  as  great  as  to  popular  fancy,  and  spe- 
cialists in  many  branches  of  science  were  attracted  to 
work  on  the  problems  presented.  This  has  resulted  in  a 
very  rapiil  development  of  the  art,  especially  in  the  last 
two  years,  in  which  time  radical  improvements  have 
been  made.  Furthermore,  these  improvements  have 
been  of  such  a  nature  as  to  open  up  new  and  fertile 
fields  for  experiment,  so  that  still  greater  progress  may 
be  expected.  Today  the  electrical  engineer  who  has  not 
come  into  close  contact  with  radio  problems  knows  little 
al)out  them.  This  is  not  surprising,  since  radioengi- 
neering  has  been  highly  specialized,  and  the  electrical 
engineer  has  felt  little  need  for  radio  or  other  high- 
frequency  applications.  Now,  due  to  certain  develop- 
ments in  both  the  general  electrical  field  and  in  the  spe- 
cial radio  branch,  each  is  finding  more  use  for  the  other. ''^ 
The  fvmdamental  requirement  of  a  radio  system  is 
that  in  the  radiating  part,  commonly  formed  by  con 
ductors  suspended  in  the  air  and  forming  with  the  eauh, 
or  other  conductors  placed  imderneath,  a  radiative  con- 
denser, there  must  be  generated  a  current  wliose  fre- 
r|uency  is  high,  since  the  energy  radiated  is  a  function  of 
the  frequency.  Features  of  the  generation  and  radiation 
of  the  currents  place  limitations  upon  the  range  of  fre- 
quencies which  can  be  used,  which  is  at  present  frorn 
about  twent}'  thousand  to  one  or  two  million  cycles  a 
second.  The  different  methods  of  generating  this  high- 
frequency  current  for  the  antenna  distinguish  the  diflfer- 
ent systems  of  radio  transmission. 

The  first  method,  the  one  used  by  Marconi  in  his  first 
work,  oljtained  the  high-frequency  current  from  the 
oscillatory  discharge  of  condensers.  He  used  the  antenna 
not  only  to  radiate,  but  as  the  condenser  which  should  be 
charged  and  discharged.  This  method  has  been  devel- 
oi;)ed  until  today  it  is  probably  near  the  limit  of  its  pos- 
sibilities. This  method  is  the  one  still  in  most  common 
use,  and  bids  fair  to  hold  its  own  for  some  time  to  come, 
particularly  in  ship  installations,  because  of  its  greater 
simplicity  and  ease  of  operation  as  contrasted  with  later 
.systems. 

The  operation  of  the  condenser  discharge  tnethod,  in 
improved  form  called  impulse  excitation,  is  as  fol- 
lows : — A  source  of  high  voltage  is  used  to  charge  a  con- 
denser. This  source  is  usually  an  alternating  one,  since 
that  can  be  more  easily  obtained  and  controlled,  although 


*See  also 
raphy."  by  Mr 
i'ji.1,  p.  817. 


article    on    "Present    Practice    in    Radio-Teleg- 
S.  M.  Kintner.  in  the  Journ.\l  for  September, 


FIG.    I — SI'.\RK    TR.WSMITTER 

•-^—Antenna ;  B — Variable  inductance  for  tuning  antenna : 
C — Oscillation  coupler  ;  D— Radiation  ammeter  ;  ij— Spark 
sap;  F — Condenser;  G — Choke  coils  to  prevent  high-frequency 
surges  from  appearing  in  the  audio  frequency  circuits ;  H — 
Step-up  transformer;  / — Protective  resistances,  for  same  pur- 
pose as  choke  coils  ;  / — Sending  key;  K — Variable  reactance  for 
controlling  regulation  of  the  transformer;  Z, — .\lternat6r. 

It  is  desirable  that  the  gap  open  quickly  after  the  con- 
denser discharges,  in  order  that  its  circuit  shall  be  open 
and  therefore  not  reacting  with  the  antenna  circuit 
coupled  to  it.  If  there  is  continued  reaction  between 
these  circuits,  the  antenna  current  will  be  damped  out 
more  rapidly,  and  this  is  not  desired.  In  the  stationary 
gap.  without  air  blasts  or  other  quenching  means,  the  arc 
holds  on,  permitting  reaction.  Incidentally,  more  power 
is  consumed,  which  is  dissipated  in  undesired  heating 
and  burning  away  of  the  electrodes,  etc.  This  is  the 
chief  objection  to  the  stationary  gap,  and  an  improved 
design  must  not  permit  this  action.  There  are  two  im- 
proved designs  of  spark  gaps  which  meet  the  require- 
ment— the  synchronous  rotary  gap  and  the  quenched 
gap.  One  or  the  other  of  these  types  is  always  used  in 
modern  spark  sets. 

The  synchronous  gap  has  rotating  electrodes  so  ar- 
ranged as  to  be  brought  close  to  fixed  electrodes  at  each 
maxiimim  of  the  condenser  voltage.   The  condenser  then 
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discharges  at  a  regular  rate,  and  gives  trains  of  oscilla- 
tions evenly  spaced,  which  produces  a  musical  note.  The 
rotation  of  the  electrodes  cools  the  gap  and  aids  in 
quenching  the  arc.  This  type  of  gap  was  invented  by 
Prof.  R.  A.  Fessenden  and  was  an  enormous  improve- 
ment over  the  old  stationary  gap. 

The  quenched  gap  consists  of  several  fixed  plates  at 
small  separation,  so  enclosed  that  the  sparking  surfaces 
are  air-tight.  Due  to  the  small  separation,  there  is  only 
a  small  voltage  across  each  gap.  If  the  inductive 
coupling  between  the  discharge  circuit  and  the  antenna 
circuit  be  rather  close,  the  antenna  circuit  will  react  upon 
the  condenser  discharge  circuit  and  the  resultant  con- 
denser gap  current  will  have  beats.  At  the  first  mini- 
mum of  the  voltage  (or  possibly  the  second  or  third) 
across  the  gap,  the  value  of  the  voltage  will  be  insuf- 
ficient to  sustain  the  arc  and  it  will  go  out,  leaving  the 
condenser  gap  circuit  open  until  the  next  discharge  of 
the  condenser.  Meanwhile  the  antenna  continues  to  dis- 
sipate the  energy  given  to  it  by  the  impulse  from  the  con- 
denser, but  its  decaying  current  will  be  much  less 
damped  than  if  energy  were  being  taken  from  it  by  a 
closed  condenser  circuit.  This  non-damping  of  the 
antenna  current  is  the  condition  desired,  for  the  reasons 
outlined  later.  Adjustments  for  best  operation  of  this 
type  of  gap  are  rather  critical,  but,  when  properly  made, 
the  gap  gives  very  satisfactory  service.  The  quenched 
gap  has  a  few  better  points  than  the  synchronous  gap 
and  is  usually  preferred. 

Improvements  in  gap  design  are  still  being  made.  A 
new  type  has  been  described  recently*  which  gives  true 
impulse  excitation,  that  is,  the  condenser  discharge  is  so 
rapidly  quenched  that  it  persists  onty  one  alternation. 
This  is  accomplished  by  making  the  ratio  of  capacity  to 
inductance  very  large,  giving  large  damping,  and  work- 
ing the  gap  in  hydrogen  atmosphere.  This  single  alter- 
nation gives  up  its  energy  to  the  antenna  circuit  closely 
coupled  to  it.  That  this  is  true  impulse  excitation  is 
nicely  shown  by  a  feature  of  the  operation  which  has 
considerable  practical  advantage,  that  the  condenser  cir- 
cuit need  not  be  tuned  to  resonance  with  the  antenna. 
The  antenna  is  excited  by  the  impulse  and  then  oscillates 
at  its  own  natural  frequency,  whatever  the  natural  fre- 
quency of  the  exciting  circuit  mav  be,  since  the  exciting 
current  lasts  only  one-half  cycle  anvwav.  The  wave 
length  can  be  changed,  then,  bv  simply  changing  the  con- 
stants of  the  antenna  only.  If  this  type  of  gap  proves 
reliable  in  operation,  it  should  be  an  improvement  over 
those  now  in  use. 

The  supply  frequency  now  used  almost  exclusively 
is  five  hundred  cycles,  since  that  frequency,  to  obtain 
given  power  outputs,  requires  smaller  size  condensers 
and  lower  voltages  than  do  lower  frequencies ;  gives  a 
note  more  pleasing  and  one  to  which  the  ear  is  most  sen- 
sitive, and  one  more  easily  read  through  atmospheric  in- 
terference; gives  a  greater  over-all  efficiency  than  a 
lower  frequency. 


♦Proceedings  Institute  of  Radio  Engineers.  June.  1016. 


The  chief  advantage  of  the  spark  method  of  gener- 
ation is  that  it  can  be  easily  installed  on  ship  or  shore,  is 
rugged  and  requires  little  expert  attention  when  once 
adjusted.  Its  chief  disadvantage  is  that  its  antenna  cur- 
rent is  damped,  being  a  free  oscillation,  and  therefore 
does  not  emit  radiations  of  a  single  frequency,  with  con- 
sequent "less  sharp"  tuning  at  the  receiving  station. 
This  type  of  generation  gives  what  is  usually  called 
clamped  wave  or  grouped  wave  transmission.  If,  instead 
of  these  grouped  waves,  with  a  certain  number  of  wave 
trains  (condenser  discharges)  per  second,  we  could  have 
a  continuous  forced  current,  better  tuning  effects  could 
he  secured,  as  well  as  some  other  advantages  mentioned 
later.  This  is  accomplished  by  each  of  the  three  other 
methods  of  generation  now  possible,  which  give  what  is 
called  sustained  wave  transmission,  in  distinction  to  the 
grouped  wave  transmission. 

One  of  these  methods  is  direct  generation  by  a  high- 
frccjuency  alternator.  To  Prof.  Fessenden  is  due  the 
credit  for  the  development  of  the  first  successful  ma- 
chine of  this  kind.  Mr.  Alexanderson  has  since  per- 
fected these  alternators,  and  they  can  now  be  made  for 
outputs  of  100  kw  or  more.  These  machines  are  of  the 
inductor  type.  Another  type  in  successful  operation  in 
radio  stations  is  the  Goldschmidt  alternator,  which  gen- 
erates a  fundamental  voltage  of  two  or  three  thousand 
cycles,  a  harmonic  of  which  is  magnified  by  suitable  con- 
densers and  indtictances.  This  can  be  carried  through 
several  steps  in  cascade  (in  separate  machines  or  in  the 
same  armature)  to  the  final  frequency  desired.  The 
alternator  can  be  put  directly  in  the  antenna  or  induc- 
tively coupled  to  it,  as  shown  in  Fig.  2.  The  alternator 
method  of  generation  is  not  common  today,  since  the 
machines  are  very  expensive,  require  attention  and  do 
not  permit  easy  change  of  wave  length,  that  is.  fre- 
quency of  voltage  generated.  However,  its  development 
to  practicability  is  an  important  step  in  the  improvement 
of  transmission,  and  its  present  usefulness  is  great  for 
high-powered  land  stations,  such  as  are  used  for  tran.s- 
oceanic  communication. 

The  next  method  is  that  of  arc  generation.  This 
employs  the  Duddell  arc  principle,  with  special  features 
of  design  which  permit  the  withdrawal  of  large  amounts 
of  energy,  and  is  known  as  the  Poulsen  arc.  The  arc  is 
a  most  interesting  device,  and  its  development  to  a  state 
where  it  is  thoroughly  reliable  has  been  the  most  im- 
portant recent  advance  in  transmission,  with  the  possible 
exception  of  the  recent  development  of  an  entirely  new 
method  of  generation.  The  importance  of  the  arc  devel- 
opment lies  in  the  fact  that,  due  to  it,  the  use  of  sus- 
tained waves  is  rapidly  extending,  and  the  use  of  sus- 
tained waves  means  a  distinct  advance.  The  disadvan- 
tages of  the  arc  are  that  it  requires  some  attention,  elec- 
trodes require  replacement,  etc.,  but  these  are  more  than 
offset  by  the  advantages  of  lesser  first  cost,  simple  con- 
trol and  easy  change  of  wave  length.  It  is  reported  that 
this  type  of  generation  has  been  chosen  by  the  United 
States  Navy  for  the  high-powered  stations  in  the  United 
States  and  foreign  possessions. 
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In  controlling  the  output  of  the  continuous  wave 
generators  to  send  dots  and  dashes,  the  whole  power  of 
the  generator  does  not  need  to  be  broken.  One  method, 
that  used  with  arcs  and  sometimes  with  alternators,  has 
the  sending  key  so  arranged  that  when  depressed  a  cer- 
tain value  of  inductance  is  in  the  antenna  circuit,  and 
when  the  key  is  open,  a  certain  other  value.  Thus,  the 
key  might  be  arranged  to  short-circuit  a  portion  of  the 


FIG.   2  FIG.   3  FIG.   4 

Fig.  2 — High-frequency  alternator  with  field  control  for  sending. 
Fig.  3 — Arc  generator  with  detuning  control  for  sending. 
Fig.  4 — Inductively  coupled  receiver. 

antenna  inductance.  Then  the  station  will  emit  two 
wave  lengths,  one  when  the  key  is  down  and  another 
when  the  key  is  up.  A  receiving  station  can  hear  either 
of  these  waves  to  which  it  may  tune,  but  only  one  will 
make  intelligible  code  signals,  and  the  receiving  operator 
has  no  difficulty  choosing  the  correct  one.  Another 
method,  applicable  to  alternators,  is  to  make  and  break 
the  field  circuit  of  the  alternator  by  the  key  according  to 
the  signals  desired.  The  time  constant  of  the  field  cir- 
cuit is  made  such,  by  the  insertion  of  resistance,  that  full 
field  current  may  be  established  and  interrupted  as 
quickly  as  is  necessary. 

The  new  method  of  high-frequency  current  genera- 
tion is  very  promising,  and  is  an  unexpected  develop- 
ment of  a  device  which  has  been  in  use  for  a  number  of 
years,  the  audion.  It  was  by  means  of  this  method  that 
the  recent  long-distance  radio-telephone  transmission 
was  accomplished.  Details  of  this  method  have  not  been 
made  public,  and  it  can  be  described  only  superficially. 
First,  however,  it  is  best  to  consider  the  reception  of 
radio  signals,  since  a  better  understanding  of  the  use  of 
the  audion  for  transmission  will  result  from  a  clear  con- 
ception of  its  action  in  receiving  circuits.  The  most 
marked  progress  in  the  last  year  or  two  has  been  in 
reception,  and  in  this  field  results  have  been  truly 
startling. 

Methods  of  reception  in  use  for  many  years  have 
made  use  of  coupled  resonant  circuits,  with  a  detector 
of  some  form  in  the  secondary  circuit,  whose  function 
was  to  rectify  the  alternating  current  due  to  the  received 
signal,  or  otherwise  permit  the  use  of  sensitive  telephone 
receivers  as  an  indicating  device.  One  such  circuit,  more 
or  less  the  standard  one,  is  shown  in  Fig.  4.  The  de- 
tectors have  been  the  common  crystal  rectifiers,  Fes- 
senden's  electrolytic  type,  Marconi's  magnetic  type, 
Fleming's  gas  valve,  and  the  DeForest  audion.  It  is  the 
modifications  of  the  connections  of  the  last  named  which 
have   given   enormous   increase   in   receiving   efficiency. 


The  audion  circuits  as  invented  by  Dr.  DeForest,  and  as 
used  for  several  years,  are  shown  in  Fig.  5.  The 
audion  is  a  glass  bulb  highly  exhausted,  with  a  tungsten 
incandescent  filament,  designed  usually  for  four  or  six 
volts,  and  with  two  electrodes  mounted  near  the  filament 
in  such  a  way  that  one,  called  the  grid,  a  zigzag  wire  or 
perforated  plate,  is  between  the  filament  and  the  other 
electrode.  The  latter  electrode  is  called  the  plate  or 
wing,  and  is  usually  a  small  nickel  plate. 

Explanation  of  the  audion  action,  according  to  the 
present  theory,  briefly,  is  this.  The  incandescent  fila- 
ment gives  ofT  negative  ions  which  permit  current  be- 
tween the  wing  and  filament  from  the  battery  B  through 
the  telephone  receiver  R.  Under  steady  conditions,  with 
no  incoming  oscillation  applied  to  the  audion,  the  tele- 
phone current  will  be  unvarying,  consequently  producing 
no  sound  in  the  telephone.  When  alternating  current, 
due  to  the  received  signal,  flows  in  the  closed  circuit 
L„  C2,  the  alternating  voltage  of  the  condenser  C2  is 
applied  to  the  condenser  C3  and  the  grid-filament  path 
of  the  audion  in  series.  The  filament  being  incandes- 
cent and  the  grid  relatively  cold,  the  two  constitute  a 
gas  valve  which  permits  flow  of  current  in  one  direction 
only,  namely,  from  the  grid  to  the  filament.  When  a 
current  flows  through  condenser  C3  in  one  direction,  a 
charge  accumulates  on  it.  In  this  case  the  charge  is 
negative.  This  charge  on  C3  raises  the  potential  (nega- 
tive) of  the  grid  to  which  it  is  connected.  It  has  been 
observed  that  a  negative  potential  of  the  grid  with  re- 
spect to  the  filament  decreases  the  wing  current  flow, 
and  a  positive  potential  increases  it.  Therefore,  the 
negative  charge  on  the  grid  caused  by  the  signal  de- 
creases the  wing  filament  current.  This  decreasal  of 
the  current  through  the  telephone  gives  an  audible  sound 
in  it — there  being  one  vibration  for  each  incoming  train 
of  oscillations,  that  is,  for  each  spark  of  the  sending 
station  transmitter.  The  pitch  of  the  signal  heard  at  the 
receiving  station,  then,  will  be  the  same  as  that  of  the 
spark  at  the  sending  station.  It  should  be  noted  that  this 
rectifying  action  and  decrease  of  wing  current  takes 
place  for  each  cycle  of  the  radio  frequency  applied  to 
the  grid,  and  that  there  will  be,  therefore,  a  radio  fre- 
rjuency  current  in  the  wing-filament  circuit  (the  device 


FIG.   5  FIG.  6 

Fig.  5 — Use  of  audion  as  a  valve. 
Fig.  6 — Use  of  audion  as  an  amplifier. 

acting  as  a  repeater)  superimposed  on  the  continuous 
current  from  the  battery,  when  the  constants  of  the 
circuit  are  right  for  the  action.  When  telephone  re- 
ceivers are  inserted,  the  current  is  smoothed  out  so  that 
there  will  be  one  pulse  of  current,  and  one  impulse  to  the 
telephone  diaphragm,  for  each  train  of  oscillations.  In 
short,  the  audion   is  a   "trigger"  device,  giving  larger 
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impulses  to  the  telephones,  by  means  of  the  energy  from 
the  local  battery  released  by  the  signal,  than  can  be 
obtained  from  the  incoming  signal  current  itself. 

The  new  developments  in  receiving  make  use  of  the 
fact  that  the  wing  current  is  of  radio  frequency  equal  to 
the  frequency  of  the  incoming  signal,  and  in  phase  with 
it,  since  there  is  no  appreciable  lag  in  the  operation  of 
the  ionic  device.  Since  the  wing  current  is  of  much 
greater  amplitude  than  the  grid  circuit  current,  if  the 
wing  circuit  be  coupled  to  the  grid  circuit,  Fig.  6,  the 
current  in  the  grid  circuit  can  be  much  reinforced  and 
give  much  greater  variations  of  grid  potential,  causing 
still  greater  changes  in  the  wing  current.  The  strength 
of  signals  may  be  much  reinforced,  then,  by  coupling 
these  two  circuits  together.  Further,  if  this  coupling  be 
made  sufficiently  close,  the  grid  circuit  will  be  set  into 
continuous  oscillation,  that  is,  there  will  be  in  that 
circuit  a  current  of  frequency  determined  by  the  con- 
stants of  the  circuit.  Herein  lies  the  great  value  of  the 
new  connections. 

Continuotis  wave  transmission  has  many  advantages, 
as  has  been  said.  Simple  methods  of  reception  appli- 
cable to  such  waves  before  the  new  connections  were 
known  were  limited  to  the  so-called  "tikker"  and 
"heterodyne"  systems.  The  ordinary  spark  receiving 
set,  such  as  shown  in  Fig.  4  or  5,  will  not  permit  recep- 
tion of  continuous  waves,  since  this  receiver  integrates 
each  group  of  waves,  each  spark,  into  one  vibration  in 
the  telephone.  When  a  spark  station  sends  a  dot,  say, 
several  hundred  sparks  occur,  each  one  with  a  high- 
frequency  current  discharge,  but  the  receiving  telephone 
receiver  gets  a  single  impulse  for  each  spark,  or  train 
of  oscillations.  When  there  is  no  discontinuity  in  the 
dot,  as  when  sent  from  a  continuous  wave  station,  there 
would  be  in  a  receiver  of  this  kind  only  a  single  click 
at  the  end  of  each  dot  or  dash.  The  individual  cycles 
of  the  high-frequency  current  cannot  be  detected,  since 
they  are  of  frequency  beyond  audibility,  and  further, 
since  the  telephone  diaphragm  could  not  respond  to  such 
rapid  vibrations. 

The  tikker  system  of  receiving  permits  the  continu- 
ous wave  to  be  heard  by  making  it  discontinuous  at  the 


giving  a  resultant  current  having  beats,  as  shown  in 
Fig.  8.  This  action  depends  upon  the  same  principle 
as  the  familiar  operation  of  alternator  synchronizing. 
Therefore,  although  to  the  human  ear  either  frequency 
alone  is  inaudible,  and  a  telephone  receiver  diaphragm 
does  not  respond  to  either,  the  beats  can  be  detected  in 
the  ordinary  way  by  any  form  of  detector  and  telephone. 
This  system,  then,  requires  a  local  source  of  high-fre- 
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1  IC.  7 — HETERODYNE  RECEIVER 

receiving  station  instead  of  at  the  sending  station.  It  is 
so  arranged  as  to  interrupt  the  receiving  circuit,  or  to 
"detune"  it.  It  thus  breaks  up  the  continuous  waves 
into  groups  of  cycles,  which  can  be  made  to  affect  the 
telephone  receiver. 

The  heterodyne  system,  invented  by  Fessenden,  com- 
bines with  the  current  of  the  received  signal,  a  locally 
generated  current  of  slightly  different  frequency.  Fig.  7, 
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)"1C.    8 — HETERODYNE   .\CTION    WrrH    RECTIFIER 

quency  current, — a  generator,  arc,  or  other  means,  which 
can  easily  be  varied  in  frequency  in  order  to  receive 
different  wave  lengths,  or  frequencies.  Variations  in 
the  pitch  of  the  telephone  sound  can  be  made  by  the 
operator  by  varying  the  number  of  beats  per  second,  by 
changing  the  frequency  of  the  local  current.  The  nuni- 
l>er  of  beats  is  always  equal  to  the  numerical  diflfcrence 
between  the  two  frequencies  interacting.  With  the 
heterodyne  system,  interference  from  an  undesired  sig- 
i.al  of  slightly  different  frequency  can  be  avoided  by 
adjusting  the  beats  of  the  undesired  signal  to  zero  or 
l)eyond  audibility.  The  difficulty  of  obtaining  a  satis- 
factory source  of  local  current,  however,  at  first  pre- 
vented commercial  use  of  the  heterodyne  system.  The 
two  available  methods  of  generation  were  unsatisfac- 
tory— the  alternator  because  its  frequency  could  not  be 
changed  easily,  and  the  arc  because  its  current,  being 
slightly  irregular,  gave  disturbing  noises  in  the  tele- 
phones, drowning  out  the  signals.  But  with  the  discov- 
ery that  the  audion  could  be  made  to  generate,  the  diffi- 
culty was  swept  away,  and  the  heterodyne  method  be- 
came commercially  feasible.  The  explanation  of  the 
generating  action  is  complex,  and  it  is  unnecessary  to 
discuss  it  here.  However,  the  method  is  ideal  for  beat 
reception,  as  it  gives  a  pure  wave  current  of  easily  vari- 
able frequency.  Only  a  very  small  current  can  be  ob- 
tained from  the  ordinarj'  receiving  audion  bulb,  but 
sufficient  output  for  the  purpose  is  obtainable. 

If,  then,  connections  be  made  as  in  Fig.  6,  these  sev- 
eral actions  will  take  place  simultaneously.  The  audion 
will  generate,  beats  will  be  formed  in  the  secondary 
circuit  in  combination  with  the  received  signal  current, 
the  beats  will  be  rectified  (strictly,  not  rectified,  but 
alternations  in  one  direction  being  suppressed)  by  the 
detecting  action  of  the  bulb,  and  the  resulting  wing  flow 
reinforces  the  grid  current,  increasing  the  strength  of 
the  signals.  The  audion  is  then  acting  not  only  as  the 
local  generator,  but  as  a  detector  and  amplifier  at  the 
same  time.    The  svstem  is  exceedinglv  sensitive,  and  it 
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is  now  common  for  stations  in  any  part  of  the  country, 
by  means  of  it,  to  hear  stations  of  high  power  in  Ger- 
many and  Honolulu.  The  electromagnetic  coupling  of 
the  coils  MAI'  between  wing  and  grid  circuit  may  be 
replaced  by  electrostatic  coupling  with  a  condenser,  as 
in  l*"ig.  9.  The  electrostatic  coupling  is  somewhat  more 
flexible  and  seems  to  be  Ijetter,  to  some  extent,  in  [jrac- 
tical   operation. 

Signals  can  be  still  further  amplified,  by  the  cascade 
use  of  other  bulbs  of  larger  current  capacity,  to  almost 
any  desired  degree  of  loudness.  ■  With  amplifying  l)ulbs, 
the  wing-filament  of  the  first  is  connected  to  the  grid- 
filament  of  the  second,  and  the  wing-filament  of  the 
second  to  the  grid  of  the  third,  etc.  The  addition  of 
bulbs  complicates  the  circuits  to  undesirable  extent,  of 
course,  and  more  than  one  amplifying  bulb  is  rarely 
used.  The  combination  circuit  of  Fig.  6  strengthens 
also  the  disturbing  sounds  due  to  atmospheric  discharges 
very  greatly,  and  this  nullifies  much  of  the  benefit  of 
the  system  in  regular  commercial  traffic.  Some  radio- 
engineers  claim,  therefore,  that  more  certainty  of  oper- 
ation, that  is,  less  interference  from  strays,  can  1>e  se- 
cured without  the  reinforcing  action,  using  the  audion 
only  for  generation  of  the  local  current  and  a  separate 
audion  or  crystal  rectifier  for  a  detector.    However,  par- 
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PIG.   9 — OSCILLATING  AUDION    WITH    ELECTROST.VTU'    COll'LIXv'. 
BETWEEN  WING  AND  GRID 

ticular  ways  of  using  this  general  method  arc  not  yet 
fully  established,  and  since  the  audion  is  a  most  fertile 
device  and  new  features  of  its  operation  are  being 
noted  continually,  we  can  hope  for  still  further  improve- 
ments in  the  direction  of  efficiency  and  simplification. 

Improvements  in  the  design  of  the  bulbs  are  already 
apparent.  The  recent  long-distance  radiotelephone  work 
was  accomplished  by  using  for  the  generation  of  the 
high-frequency  current  specially  constructed  bulbs,  built 
to  be  capable  of  delivering  each  nearly  one-half  ampere. 
Several  hundred  of  these  in  parallel  gave  the  output 
necessary  to  transmit  long  distances.  The  design  of 
these  special  bulbs  has  been  refined  in  detail,  and  the 
construction  is  larger  and  better  than  that  of  the  ordi- 
nary audion  bulb.  This  design  has  been  called  the 
pliotron. 

The  advantages  of  pliotron  generation  for  telei)hony 
over  generation  by  alternator  or  arc  oscillator  is  due  to 
the  fact  that  by  it  the  hitherto  insurmountable  difficulty 
of  control  of  the  currents  is  overcome.  Telephony  re- 
quires modulation  of  the  current  used,  in  accordance 
with  the  speech  vibrations,  and  very  large  currents  in 


the  antenna  are  necessary  for  long-distance  transmis- 
sion ( one  to  two  hundred  amperes  for  three  thousand 
miles,  with  a  large  antenna).  With  the  alternator  and 
arc  generations,  this  large  current  had  to  be  varied  di- 
1  ectly  by  microphone  transmitters,  no  successful  method 
having  been  found  for  varying  the  large  currents  by 
])roportional  changes  in  a  related  smaller  current  cir- 
cuit, in  which  the  microphone  might  be  placed.-  Since 
microphones  which  could  handle  such  large  currents 
have  not  been  built,  long-distance  telephony  has  been 
prevented  before  .this  time,  therefore,  by  the  lack  of 
means  for  modulating  the  large  currents,  although 
shorter  distances  have  been  possible  ior  many  years. 

On  the  other  hand,  in  using  the  pliotron  method,  the 
difficulty  was  successfully  overcome  by  using  the  ordi- 
nary microphone  in  a  small  current  circuit,  one  which 
was  arranged  to  vary  the  potentials  impressed  upon  the 
grid  in  accordance  with  the  speech  vibrations,  and 
therefore  caused  proportional  variations  in  the  large 
wing  cvuTent.  It  is  a  relay  or  amplifier  action,  the  large 
current  variations  being  caused  by  variations  in  an  asso- 
i  iated  .small  current  circuit.  The  method  works  beau- 
tifully, but  much  development  work  remains  to  be  done, 
for  as  yet  the  system  is  far  from  commercially  feasible, 
-ince  the  first  cost. of  apparatus  and  the  care  and  cost 
i)f  maintenance  are  excessive. 

The  point  of  present  interest  is  that  long-distance 
radiotelephony  is  now  possible,  and  with  the  rapid  ad- 
vance of  the  radio  art  in  the  last  ten  years  in  mind,  we 
are  justified  in  the  expectation  of  soon  seeing  radio- 
telephony  more  widely  used.  Radiotelephony  cannot 
take  the  place  of  wire  telephony  as  wire  telephony  is 
now  used,  but  it  will  surely  be  of  great  use  in  trans- 
oceanic speech  transmission  (since  submarine  telephone 
cable  signaling  has  been  impossible)  and  in  those  fields 
of  communication  where  radiotelegraphy  has  already 
])roved  its  worth. 

Recently,  Mr.  .Mexanderson  has  described*  a  "mag- 
netic amplifier"  for  controlling  radiofrequency  current 
from  an  alternator,  which  is  applicable  to  radiotele- 
phony, and  which  has  worked  successfully  on  outputs 
of  75  kw.  This  method  seems  to  have  greater  imme- 
diate practicability  than  the  pliotron  method,  but  the 
eventual  values  of  both  methods  depend  upon  the  devel- 
opment work  now  being  carried  on. 

In  summary,  it  can  be  said  that  the  greatest  recent 
progress  has  been  in  the  improvement  of  receiving  cir- 
cuits to  a  degree  permitting  reception  over  distances 
much  greater  than  were  possible  two  years  ago.  Be- 
sides this,  the  application  of  the  audion  generating 
ability  to  transmission,  most  useful  in  telephony,  has 
lieen  a  great  step,  and  ma)'  mean  the  introduction  of  a 
method  of  generation  which  will  supersede  the  ones  now 
in  use.  In  radiotelegraph  transmission,  the  tendency  of 
the  past  several  years  toward  the  use  of  continuous 
waves  is  being  realized  by  the  installation  of  many  sta- 
tions of  this  type. 


*Proceedings  Institute  of  Radio  Engineers,  .\pril,  1916. 
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ADAPTOR  RESISTANCE 

A  resistance  unit   witli   an   Edison  base  screw   plug  at  one  end  and  an 

lidison  socket  at  the  other. 

A  convenient  means  of  interposing  resistance  in  a  circuit. 

Used  to  decrease  the  speed  of  small  motors. 

Makes  it  possible  to  use  low  voltage  motors  on  higher  supply  voltages. 

Permits  universal  type  motors  to  be  used  on  AC  and  DC  receptacles  of 

supply'  voltage. 

Supplied  in  any  capacity  and  resistance  desired. 

Price — 50  watt  size  $1.60  list  with  Liberal  Discounts. 
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■oiiiit'ct   tlu-ory  and  practice 


Compensated  Grades 

la  railway  work  the  statement  is  often  made  that  an  engine 
hauls  a  train  up  a  two  percent  compensated  grade.  K  compen- 
sated grade  is  one  in  which  the  actual  rise  is  less  on  curves 
than  on  tangent  track,  so  that  the  total  resistance  to  a  train 
coming  up  the  hill  is  constant.  Grade  resistance  is  20  pounds 
per  ton  for  each  percent  grade,  and  curve  resistance  is  calcu- 
lated at  approximately  0.8  pound  per  ton  for  each  degree  of 
curvature.  A  two  percent  compensated  grade  would  have  a  com- 
hined  resistance  of  40  pounds  per  ton,  which,  on  a  ten-degree 
curve,  would  give  8  pounds  curve  resistance  and  32  pounds 
straight  grade  resistance,  giving  an  actual  grade  of  only  1.6 
percent.  Since  curve  resistance  always  acts  to  hold  a  train 
))ack  whether  it  is  going  up  or  dow-n,  the  effective  downgrade  in 
the  above  case  would  be  32  —  8,  or  24,  corresponding  to  only 
1.2  percent,  while  the  effective  grade  going  up  is  2  percent. 
Thus  it  is  seen  that  compensated  grades  have  difTerent  effective 
values  coming  downhill  than  going  up,  and  this  difference  may 
be  considerable  on  a  crooked  road. 


Heat  and  Temperature 

One  of  the  main  limitations  in  rating  electrical  apparatus  is 
the  maximum  permissible  operating  temperature.  The  temper- 
ature of  any  body  is  determined  by  the  quantity  of  heat 
(energy,  not  temperature)  put  into  it  and  the  amount  of  heat 
taken  out  of  it.     The  temperature  of  a  body  is  constant  when 


the  heat  supplied  equals  the  heat  lost.  If  the  supply  exceeds 
the  loss  the  temperature  will  rise,  and  vice  versa.  Heat  may 
be  supplied  from  outside  bodies  or  may  be  generated  internally. 
In  an  armature  core,  for  instance,  some  heat  energy  is  pro- 
duced in  the  iron  bj'  the  magnetic  losses  in  the  iron,  some  is 
supplied  from  the  windings  on  the  core  (if  they  are  hotter 
than  the  iron). 

Heat  may  be  dissipated  by  radiation,  convection  or  con- 
duction. The  amount  of  heat  (energy)  radiated  from  a  body  is 
proportional  to  the  difference  in  temperature  between  itself  and 
its  surrounding  medium.  The  amount  of  heat  dissipated  by 
convection  depends  on  the  difference  between  the  temperature 
of  the  hot  body  and  the  cooling  medium,  and  also  on  the 
amount  of  cooling  medium  supplied  and  its  thermal  capacity. 
Heat  dissipated  by  conduction  depends  on  the  conductivity  of 
the  path  and  the  difference  of  temperature. 

All  these  methods  of  dissipating  heat  have  one  feature  in 
common, — the  amount  of  heat  dissipated  increases  with  increas- 
ing temperature  difference.  Hence,  when  the  heat  supplied  to  a 
body  exceeds  that  dissipated  and  its  temperature  rises,  the  heat 
dissipated  increases  till  it  is  equal  to  that  supplied,  when  a 
balance  will  be  attained  and  the  temperature  will  stay  constant. 

The  gist  of  the  whole  matter  is,  briefly,  temperature  is 
determined  by  the  relation  between  heat  supplied  and  heat  dis- 
sipated. If  the  heat  supplied  is  increased  the  temperature  can, 
nevertheless,  be  kept  constant  by  increasing  the  amount  of  cool- 
ing medium  or  otherwise  increasing  the  dissipation  of  heat. 


Our  subscribers  ace  invited  to  use  this  department  as  a  means  of  securing  authentic  information  on  electricaj  and  mechanical  sutjects. 
Questions  concerning  genera]  engineering  theory  or  practice  and  questions  regarding  apparatus  or  materials  desired  for  particular  needs  will  be 
answered.     Specific  data  regarding  design  or  redesign  of  individual  pieces  of  apparatus  cannot  be  supplied  through  this  department. 

To  receive  prompt  attention  a  self-addressed,  stamped  envelope  should  accompany  each  query.  A  personal  reply  is  mailed  to  each  questioner 
as  soon  as  the  necessary  information  is  available,  however,  as  each  question  is  answered  by  an  expert  and  checked  by  at  least  two  others,  a  reason- 
able length  of  bme  should  be  allowed  before  expecting  a  reply.     Care  should  be  used  to  furnish  all  data  needed  for  an  intelligent  answer. 


131S — Series    Motor    Torque — .\ssum- 
suming  that  a  series  motor  running  at 
a    certain     speed     requires    a    certain 
number  of  amperes  to  carry  the  load, 
will  this  motor  exert  the  same  torque 
it  did  while  running,  if  the  armature 
is    prevented    from    turning    and    the 
current   through    it   is    limited   to   the 
same  amount  it  required  when  carry- 
ing the  load?  w.  s.  (oHio) 
The  torque  of  any  motor  is  dependent 
upon     the     number    of     armature     con- 
ductors,   the   current   through    the   con- 
ductors  and   the   strength   of   the   mag- 
netic field.     Hence,  in  a  series  motor,  as 
none     of     these     factors     are     changed 
whether  the   motor  is   running   or   at  a 
standstill,  the  torque   developed   will  be 
the  same  in  both  cases  as  cited  in  ques- 
tion.  However,  while  running  the  torque 
necessary    to    overcome    the    iron    loss, 
friction  and  windage  of  the  motor  must 
be  taken    from   total   torque   developed ; 
while    at    a    standstill,    only    the    torque 
necessary  to  overcome  the  standing  fric- 
tion of  armature  is  deducted   from  the 
total  torque  developed.     Hence,  theoret- 
ically, the  actual  torque  that  you  would 
measure  at  standstill  may  be  greater  or 
less  than  that  measured  while  running ; 
still,  for  all  practical  purposes  they  could 
be  considered  as  the  same.  j.  s.  D. 

1316 — Storage  Batteries— Please  fur- 
nish us  with  information  regarding 
the  taking  of  cadmium  readings  on 
storage  batteries,  how  it  is  done  in 
case  of  starting  and  lighting  batteries 
used  on  automobiles,  and  as  to  what 
information  one  secures  regarding  the 
condition  of  battery  by  taking  such 
readings.  Also  what  is  the  best  de- 
sign of  instrument  for  such  work.  We 
are  equipped  with  all  other  instru- 
ments necessary  for  our  work. 

w.  G.  c.  (iowa) 
Cadmium  readings  are  taken  on  stor- 
age batteries  by  using  cadmium  as  a 
neutral  electrode  to  determine  the  rela- 
tive capacity  of  the  positive  and  negative 
plates.  Voltage  readings  can  be  taken 
between  the  positive  and  negative  ter- 
minals and  the  cadmium  electrode.  In  a 
normal  cell  the  positive  cadmium  read- 
ing is  much  larger  than  the  negative  cad- 
mium reading;  so  for  greater  accuracy 
the  readings  usually  taken  are  the  posi- 
tive cadmiuni  reading  and  the  cell  volt- 
age. The  difference  between  these  two 
readings  gives  the  negative  cadmium 
reading.  For  example,  if  the  positive 
cadmium  reading  is  2.12  volts  and  the 
cell  voltage  is  2.00,  the  negative  cad- 
mium reading  would  then  be  0.12  volts. 
As  a  cell  discharges,  the  positive  cad- 
mium reading  decreases,  while  the  nega- 
tive cadmium  reading  increases.  A  cer- 
tain battery  manufacturer  gives  the  volt- 
age for  a  discharged  cell  as  1.95  for  the 
positive  cadmium  reading  and  0.25  for 
ths  negative  cadmium  reading;  these 
readings  give  a  cell  voltage  of  1.7  volts. 
On  charge,  the  positive  cadmium  read- 
ing is  at  first  greater  than  its  cell  volt- 


aec,  hut  during  the  charge  the  cell  volt- 
age will  become  equal  to  and  greater 
than  the  positive  cadmium  reading. 
When  the  cell  is  completely  charged,  the 
cell  voltage  should  be  from  0.05  to  o.io 
volts  greater  than  the  positive  cadmium 
reading.  A  convenient  electrode  for 
taking  these  readings  is  made  from  a 
stick  of  cadmium  about  one-quarter  inch 
in  diameter  and  six  inches  long.  A  rub- 
ber tube  perforated  with  holes  about 
one-sixteenth  inch  in  diameter  is  slipped 
over  the  cadmium  and  allowed  to  ex- 
tend one-eighth  inch  beyond  the  end,  so 
that  the  cadmium  stick  cannot  come  in 
contact  with  the  plates  of  the  battery. 
.\  copper  wire  is  soldered  to  the  cad- 
mium electrode  and  connected  to  the 
negative  side  of  the  voltmeter.  Positive 
cadmium  readings  are  taken  by  placing 
the  cadmium  stick  in  the  electrolyte  of 
the  battery  and  the  positive  voltmeter 
terminal  on  the  positive  pole  of  the  bat- 
tery. Care  should  be  taken  to  allow  the 
caifmium  to  remain  in  the  acid  several 
minutes  before  the  readings  are  taken, 
as  considerable  error  may  be  made  in 
the  results  if  this  is  not  done.  As  a 
matter  of  fact,  a  person  not  familiar 
with  such  tests  should  not  place  too 
much  reliance  on  the  results  until  a  con- 
siderable amount  of  data  has  been  gath- 
ered by  means  of  extended  tests  on  bat- 
teries under  different  conditions. 

0.  w.  A.  o. 

1317  —  Paralleling   Connections —  (a) 

We  have  a  370  volt,  19.5  ampere  per 
terminal  alternator  to  run  parallel 
with  another  machine  and  connected 
as  shown  in  Fig.  1317(a).  An  engi- 
neer claimed  it  would  give  false  indi- 
cations. Please  advise  if  connections 
are  right.  B.  F.  a.  (penna.) 

The  synchronizing  connection  as 
shown  is  correct  for  "dark  lamp"  in- 
dication, th.at  is,  lamp  is  dark  when  ma- 
cliines   are   in   synchronism,   which   is   a 


FIG.  1317(a) 

standard  method.  However,  some  engi- 
neers prefer  the  "light  lamp"  method,  in 
which  case  the  lamp  is  light  when  ma- 
chines are  in  synchronism.  j.  m.b. 

1318 — Reading  of  Static  Ground  De- 
tectors— Please  explain  the  cause  of 
tlie  following  effect  on  a  static  ground 
detector  connected  to  2200  volt  sec- 
ondary bus-bars.  With  bus-bars  and 
transformer  bank  and  all  distribution 
switches  open,  detectors  showed  zero 
all  around.  With  bars  alive  through 
the  bank  and  distribution  switches  still 
open,  detectors  read  6.5  divisions  to 
Red,  o  to  White  and  7  to  Blue.  With 
distribution   switches   to   underground 


cables  closed  on  to  the  live  bus-bars, 
detectors  read  3.5  to  Red,  0.75  to 
White  and  o  to  Blue.  To  make  sure 
that  all  was  O.K.  the  cables,  bus-bars 
and  secondary  leads  of  the  bank  were 
tested  for  insulation  resistance  and  all 
showed  good  results.  All  that  could 
then  be  done  was  to  calibrate  the  de- 
tector while  connected  to  the  live  bus- 
bars.    Is  that  a  common  practice? 

s.  s.  (south  Africa) 

It  is  impossible  to  completely  answer 
tliis  question  with  the  information  at 
hand.  The  reason  for  the  performance 
noted  might  be  different  for  different 
ty|ies  of  instrument.  We  should  know 
whether  the  instrument  is  used  in  con- 
nection with  series  resistors  or  with  con- 
densers, and  should  obtain  some  idea  as 
to  the  significance  of  the  number  of  divi- 
sions mentioned.  We  assume  that  6.5 
or  7  divisions  was  only  a  small  part  of 
the  full  scale  reading.  The  reading  ob- 
tained with  bus-bars  alive  and  distribu- 
tion switches  open  probably  was  due  to 
a  wrong  adjustment  of  the  internal 
vanes  in  the  meter.  These  should  be  so 
spaced  that  when  equal  voltages  are  ap- 
plied from  the  three-phase  circuit  the 
I)ointers  indicate  zero.  The  change  in 
deflection,  when  connection  to  under- 
ground cable  system  was  made,  may  have 
been  due  to  variations  in  the  electrostatic 
capacity  of  the  cables.  The  indications 
of  electrostatic  ground  detectors  con- 
nected to  large  underground  distribution 
systems  are  erratic  on  account  of  the 
large  capacities  in  the  distribution  sys- 
tem. H.B.  T. 

1319 — Skin  Effect — Should  the  skin  ef- 
fect be  considered  when  planning  to 
use  solid  copper  bars  two  inches  in 
diameter  as  busses?  R.  b.  G.  (cauF.) 
The  use  of  two-inch  diameter  copper 
rod  is  economical  for  the  work.  The 
direct-current  carrying  capacity  is  re- 
duced to  approximately  75  percent  for 
60  cycle  and  90  percent  for  25  cycle  ser- 
vice for  the  same  losses.  The  Standard 
Handbook,  4th  edition,  section  12,  pp.  40 
and  41,  give  factors  for  increase  in  ef- 
fective resistance  due  to  skin  effect.  In 
this  particular  case  the  table  in  the  hand- 
book is  not  extended  far  enough  to 
cover  a  two-inch  diameter  solid  rod 
(4000000  circ.mils)  at  60  cycles.  The 
coefficient  for  60  cycles  is  approxi- 
mately 1.78.  The  American  Handbook 
also  gives  tables  in  a  different  form 
which  give  the  same  results,  .^.n  article 
in  the  Electrical  World  of  March  11, 
1916,  by  Mr.  H.  B.  Dwight  gives  a  curve 
for  obtaining  the  increase  in  effective 
resistance  for  wire  or  cable  (which 
would  also  apply  to  rod)  and  single 
straps.  A  two-inch  solid  rod  will  carry 
approximately  2000  amperes  at  25  de- 
grees C.  rise,  with  60  cycles  or  2700 
amperes  direct  current.  See  also  Bulle- 
tin of  the  Bureau  of  Standards,  Vol. 
VIII,  No.  I,  1912,  pp.  172  to  181 ;  ab- 
stracted in  the  American  Handbook  and 
the  Standard  Handbook.  h.a.  T. 


362 


THE    ELECTRIC   JOURNAL 


1320 — Electrolytic  Lightning  Arresters 

— The  company  with  which  I  am  con- 
nected uses  Westinghouse  Type  A 
electrolytic  lightning  arresters  with 
Type  C  electrolyte.  The  circuits  are 
1 1  000  volts,  25  cj'cles.  We  have  had 
some  trouble  due  to  the  formation  of 
a  jelly-like  substance  in  the  trays.  Also 
on  examination  the  film  is  found  to  be 
largely  gone.  The  substations  are  run 
without  a  regular  attendant,  the  elec- 
trician being  supposed  to  see  that  the 
arresters  are  charged  daily.  The 
tanks  are  in  a  room  in  which  the  tem- 
perature will  go  to  100  degrees  F.  or 
more  during  the  summer.  I  would 
like  to  know  whether  our  trouble  is 
mostly  caused  by  heat  or  is  it  due  to 
faulty  charging?  Would  also  like  to 
know  a  little  of  what  the  chemical 
changes  are.  s.  N.  G.  (ky.) 

Some  of  the  trouble  may  possibly  be 
due  to  the  lack  of  proper  charging,  but 
tlie  greater  part  of  it  is  due  to  heat, 
especially  if  the  heat  is  long  continued. 
Tlie  electrolyte  in  question  will  operate 
-uccessfuUy  up  to  100  degrees  and  for 
short  periods  at  a  slightly  higher  tem- 
perature. The  Westinghouse  Company 
in  their  later  developments  have  brought 
out  a  Type  D  electrolyte  which  will 
operate  successfully  up  to  135  degrees, 
will  build  up  the  film  to  a  higher  point, 
and  will  maintain  the  film  in  better  con- 
dition for  a  longer  period  of  time  than 
tlie  previous  electrolytes.  The  jelly-like 
substance  found  in  the  trays  is  princi- 
pally alumina  and  water.  It  is  a  col- 
lordal  form  of  aluminum,  and  is  very 
unstable ;  when  heated,  the  water  will  be 
driven  oflt,  leaving  a  small  quantity  of 
white  residue.  The  presence  of  limited 
quantities  of  alumina  has  a  beneficial 
effect.  .\  considerable  quantity  of 
alumina  in  the  electrolyte,  as  in  collordal 
form,  is  detrimental  to  the  arrester,  in- 
asmuch as  it  decreases  the  active  surface 
of  tlie  trays.  The  exact  chemical 
changes  which  take  place  are  not  clearly 
understood,  but  heat  is  undoubtedly  one 
of  the  greatest  contributory  factors. 

0.  c.  n. 

1321  —  Rough    Slip- Rings  —  The    slip- 
rings  on  certain  generators  are  made 
of  cast  iron.     One  of  the  rings  brings 
itself    to    a    perfect    polish,   while   the 
other  grows  dark  and  slightly  rough. 
What    is    your   explanation    for   this? 
The  field  current  is  about  130  amperes. 
R.  B.  G.  (calif.) 
Brushes  of  different  polarity  often  be- 
have   differently.      This    roughening    in 
manj'  cases  is  due  to  small  arcs,  so  that 
on  one  polarity  metal  vapor  is  carried  to 
the   brush,   while   on   the   other   polarity 
carbon  vapor  is  carried  to  the  ring.   This 
may    be    the    explanation    in    the    above 
case.     See  also  No.  336.  F.  d.  n. 

1322 — Reactors  —  W' by    are    reactance 
coils  made  without  iron  cores? 

R.  B.  G.  (C.^I.IF. ) 
Reactors  are  made  either  with  or  with- 
out iron  cores,  depending  upon  the  pur- 
pose for  which  they  are  designed.  Those 
designed  merely  for  the  purpose  of  in- 
troducing impedance  into  the  circuit. 
e.  g.,  those  used  in  connection  with  ro- 
tary converters  for  the  purpose  of  auto- 
matic compounding,  have  iron  cores. 
Those  designed  for  the  purpose  of  limit- 
ing the  flow  of  current  on  short-circuit 
do  not  have  iron  cores.  In  the  first  case 
a  given  amount  of  reactance  has  to  be 
supplied,  and  this  can  be  secured  more 


cheaply  liy  using  an  iron  core.  In  the 
latter  case,  since  the  purpose  is  to  limit 
the  short-circuit  current,  if  an  iron  core 
were  used,  the  induction  with  normal 
current  would  have  to  be  exceedingly 
low  in  order  to  keep  it  below  the  satura- 
tion point  on  short-circuit.  This  would 
require  an  excessive  amount  of  material 
and  would  make  the  design  more  costly 
'lian  for  an  air  core  reactance,      w.  M.  M. 

1323 — Heating   of   Laminations — W'hy 

is  it  that  the  laminations  of  electrical 
apparatus  do  not  get  hot  when  they 
are  brought  into  intimate  contact  with 
the  dovetail  projections  of  stator 
frames?  r.  b.  g.  (c.m.if.) 

.\  magnetic  circuit  in  electrical  ap- 
paratus is  laminated  wdien  it  is  expected 
to  carry  alternating  or  pulsating  mag- 
netic flux.  When  a  magnetic  field  which 
is  alternating  passes  into  or  through 
solid  magnetic  material  eddy  currents 
are  at  once  set  up  in  this  material  in  a 
])lane  perpendicular  to  the  magnetic 
lines.  These  eddy  currents  by  Lenz'  law 
oppose  the  passage  of  the  flux  and  exert 
a  damping  action  tending  to  prevent  the 
flux  passing  through  the  solid  body. 
Considering  the  case  of  the  laminations 
resting  a.gainst  the  solid  dovetails,  it  is 
true  that  there  are  two  magnetic  paths 
in  parallel,  but  as  soon  as  the  flux  tends 
to  enter  the  dovetails  it  is  choked  or 
damped  out  by  eddy  currents  as  ex- 
plaincil  above.  In  addition,  the  reluct- 
ance of  tlie  path  through  tlie  laminations 
is  less  iXuQ  to  the  higher  permeability  of 
the  material  and  the  presence  of  the  air- 
.gaj)  between  the  laminations  and  the 
dovetail.  The  dovetail  is  not  heated  up 
by  tlie  damping  eddy  currents  because 
the  electrical  resistance  is  relatively 
small  and  the  PR  watts  are  low  com- 
l)arcd  to  the  mass  of  material  in  wlijch 
they  are  absorbed.  If,  due  to  poor  dc- 
sian  or  other  reasons,  the  laminated 
magnetic  circuit  is  highly  saturated,  the 
flux  may  pass  into  the  dovetails  in  suf- 
ficient (piantity  to  cause  heating,  but 
such  a  condition  is  unusual.  If  the  lami- 
nations become  connected  or  short-cir- 
cuited at  some  point  through  which  the 
alternating  or  pulsating  flux  is  obliged 
to  pass,  serious  heating  may  result. 
Such  a  condition  might  result  from  the 
rotor  rubbing  on  the  stator  and  polish- 
ing the  surface  of  the  stator  into  prac- 
tically a  solid  sheet.  A.  M.  n. 

1324 — Rewinding    Induction    Motor  — 

.\\\  eight-pole,  three-phase  induction 
motor  has  thirty-six  roils  in  all,  or 
twelve  per  phase,  one  coil  per  slot  and 
seventy-two  slots  in  the  machine.  The 
twelve  coils  per  phase  are  divided  into 
four  sets  of  three  coils  each.  Assume 
that  the  four  sets  enclose  the  four 
north  poles,  then  there  are  no  coils 
enclosing  the  south  poles,  the  same 
being  true  of  the  other  two  phases. 
The  winding  is  a  full  pitch  or  a  spread 
of  one  and  two  and  39  turns  per  coil. 
Now  can  this  winding  be  changed  to  a 
72  coil  winding  making  two  coils  per 
slot  and  24  coils  per  phase  and  divided 
into  eight  sets  of  three  coils  each? 
With  three  coils  to  every  pole  in  place 
of  three  coils  to  every  two  poles,  the 
winding  with  the  36  coils  being  the 
same  as  a  core  transformer,  with  a 
winding  on  but  one  section  of  the  core 
and  putting  on  72  coils  would  be  the 
■^ame  as  dividing  the  winding  on  the 
one  core  and  putting  half  on  each 
core.     Would  it  require  half  of  the  .^Q 


turns,  or  ly  or  20,  whichever  was 
chosen  to  give  the  same  result  as  the 
39  did,  placed  say  on  one  pole?  The 
reason  for  changing  is  that  the  72  coils 
can  be  made  much  cheaper  than  the 
original  36.  If  you  can  give  me  any 
information  in  regard  to  the  above  I 
would  apiireciate  it  very  much. 

D.  w.  P.  (wash.) 
Induction  motors  are  usually  not  con- 
nected for  consequent  poles  unless  there 
is  some  special  reason,  such  as  getting  a 
chan.ge  of  speed  by  changing  the  num- 
ber of  poles,  etc.  Granting  that  there 
are  no  special  conditions  of  this  nature 
not  mentioned  in  the  question,  the  motor 
■could  be  rewound  for  two  coils  per  slot 
and  salient  poles  (i.  e.,  both  north  and 
south  groups )  by  looking  out  for  the 
following  condition : — In  the  usual  ar- 
rangement, when  the  coils  are  connected 
for  consequent  poles  (i.  e.,  north  poles 
only)  the  conductors  are  only  86.6  per- 
cent as  effective  on  a  three-phase  ma- 
chine as  they  would  be  if  connected  for 
loth  north  and  south  poles.  This  is  be- 
cause the  coils  for  one-phase  pole  are 
si)read  over  twice  the  pole  arc  that  they 
should  he,  or  in  this  case  the  coils  for  an 
ei.ght-pole  machine  are  spread  over  the 
pole  arc  for  a  four-pole  machine. 
Hence,  when  rewinding  for  two  coils 
per  slot  and  salient  poles  only  0.866  X  .39 
conductors  will  be  required  per  slot  if 
tlie  same  coil  throw  is  kept.  This  equals 
,^4  conductors  per  slot  or  17  conductors 
per  coil.  .\.  M.  D. 

1325 — Wattmeter  Vibration — Will  the 
accuracy  of  wattmeters  be  affected  by 
a  slight  but  incessant  vibration  of  the 
switchboard  [lancls  on  which  they  are 
mounted  ?  R.  B.  G.  (calif.) 

Incessant  vibration  of  the  switchboard 
l)anels,  even  though  slight,  causes  an  in- 
creased wear  on  the  pivots  and  jewels, 
and  the  accuracy  will  be  very  much  af- 
fected after  a  time.  If  the  period  of 
vibration  corresponds  with  the  natural 
period  of  vibration  of  any  of  the  mov- 
ing elements  the  accuracy  will  be  re- 
fluced  more.  R.  T.  p. 

1326  —  Vibration  of  Rotor  —  What 
causes  excessive  mechanical  vibration 
of  the  rotor  of  a  single-phase  induc- 
tion motor?  Would  it  be  caused  by  a 
ground  in  the  stator  windings? 

J.  N.  K.  (calif.) 
If  the  reply  to  this  question  is  limited 
to  the  exact  implication  of  the  question 
itself  there  are  only  two  things  which 
can  cause  mechanical  vibration,  namely, 
'the  rotor  being  out  of  static  or  of  dyn- 
amic (running)  balance.  However,  the 
rotor  of  a  single-phase  induction  motor 
may  vibrate  under  the  following  condi- 
tions in  addition  to  the  mechanical  un- 
balancing:—  (i)  When  the  rotating  ele- 
ment is  eccentric  with  the  stationary 
element:  (2)  when  the  rotating  element 
is  not  round;  (3)  when  there  is  a  short- 
circuit  in  either  of  the  primary  wind- 
ings: (4)  a  rotor  of  the  squirrel-cage 
type  will  vibrate  wdien  there  are  poor 
joints  between  some  of  the  bars  and  the 
resistance  rings,  causing  unequal  resist- 
ance in  the  various  circuits  of  the  rotor. 
There  are  also  certain  proportions  of 
the  magnetic  circuit  which  would  cause 
this  same  condition,  but  the  conditions 
mentioned  above  are  the  ones  most 
likely  to  be  found  in  a  commercial  ma- 
chine. If  the  clearance  between  the 
bearing  and  the  shaft  is  too  great  the 
viliration  will  be  more  noticeable.     G.  H.  G. 
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THE  PURCHASE  OF  COMMON 
STOCKS 

The  man  who  buys  corporation  bonds, 
notes  and  preferred  stocks  is  almost 
always  an  investor  making  his  purchases 
primarily  for  the  income  to  be  received 
from  his  holdings  and  not  expecting,  ex- 
cept incidentally,  an  advance  in  the 
prices  at  which  he  bought  his  securities. 
Of  course  there  are  at  times  bonds,  notes 
and  preferred  stocks,  more  especially 
the  latter,  which  partake  largely  of  a 
speculative  nature,  but  the  principal  ap- 
peal of  the  seller  of  these  securities  is 
to  the  investor  and  not  the  speculator. 

The  reverse  is  largely  true  of  the  pur- 
chaser of  common  stocks  of  corpora- 
tions.   He  is  essentially  a  speculator  and 
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not  an  investor.  There  are  common 
stocks  which,  by  reason  of  their  long 
seasoning,  their  steady  and  high  rate  of 
earnings,  and  their  regular  payment  of 
dividends  over  a  long  period,  have  en- 
tered into  the  class  of  investment  securi- 
ties, but  these  are  far  from  being  in  the 
majority.  It  is  to  the  common  stocks  of 
a  corporation  which  the  speculator  looks 
for  his  market  profits  and,  except  under 
certain  circumstances,  the  speculator 
does  not  buy  corporation  bonds  or  pre- 
ferred stocks. 

There  are  times,  such  as  in  impending 
reorganizations,  receiverships  or  under 
some  temporary  corporate  conditions 
that  the  speculator  may  find  an  opportu- 
nity in  the  bonds,  notes  or  preferred 
stocks  of  corporations.  An  instance  of 
this  was  recently  seen  in  the  receiver- 
ship of  the  International  Mercantile  Ma- 
rine. For  a  long  period  of  time  after 
its  receivership  the  bonds  of  this  com- 
pany, on  which  interest  had  been  de- 
faulted, were  selling  at  a  low  price  and 
the  preferred  stock  was  down  to  but  a 
small  fraction  of  its  par  value.  A  specu- 
lator in  Wall  street  casting  about  for 
some  security  which  would  offer  an  ex- 
ceptional opportunity  for  profits  began 
to  look  into  International  Mercantile 
Marine.  He  found  that  the  great  in- 
crease in  ocean  traffic,  due  to  the  war, 
Iiad  caused  large  increases  in  earnings 
of  Mercantile  Marine,  and  he  at  once 
began  to  accumulate  the  preferred  stocks 
and  bonds  of  the  company.  Soon  it 
began  to  be  noised  around  that  the 
stocks  and  bonds  were  selling  entirely 
too  low  and  the  market  began  to  ad- 
vance by  leaps  and  bounds.  The  bonds 
went  above  their  par  value,  the  pre- 
ferred stock  sold  as  high  as  98  and  the 
common  above  27.  Several  fortunes  were 
made  by  the  speculators  who  entered  the 
market  at  the  low  figures.  This  shows 
how  at  times  the  bonds  and  preferred 
stocks  of  a  corporation  may  figure 
largely  in  speculation,  but  these  in- 
stances, as  said,  may  be  found  but  sel- 
dom. 

Bonds  and  notes  of  a  corporation  are 
issued  on  actual  property  of  value,  and 
preferred  stock  of  a  new  corporation 
also  almost  always  has  behind  it  a  real 
value  in  property.  On  the  other  hand, 
the  common  stock  of  a  newly  organized 
corporation  is  usually  issued  for  good 
will,  for  organization  expenses,  profits 
of  promoters  and  on  the  future  earning 
power  of  the  corporation.  It  represents 
but  tlie  equities  in  property  of  the  com- 
pany after  tlie  bonds,  notes,  preferred 
stock  and  other  securities  senior  to  it 
have  been  provided  for,  and  it  is  entitled 
to  but  such  earnings  as  remain  after 
operating  expenses,  interest,  preferred 
dividends,  depreciation  and  other  charges 
have  been  met.  While  in  the  case  of 
new  corporations  the  common  stock  may 
have  behind  it  no  real  value  and  be 
liased  entirely  on  the  future  earning 
power  of  the  corporation,  it  will  often 
be  found  that  in  the  course  of  years 
there  comes  to  be  much  real  value  be- 
hind the  common  stock  from  the  build- 
ing up  of  the  property  out  of  income, 
and  the  investment  of  earnings  in  im- 
provements, additions  and  extensions. 
While  at  the  time  of  the  organization  of 
the  United  States  Steel  Corporation  the 


common  stock  of  the  company  was  en- 
tirely "water"  and  not  based  on  any 
actual  physical  values  in  the  corporation, 
the  appropriations  out  of  current  earnings 
for  new  construction  and  other  capital 
expenditures  have  been  such  that  good 
judges  now  say  that  there  has  been  in- 
vested in  the  properties  of  the  United 
States  Steel  Corporation  from  its  cor- 
porate income  an  amount  more  than 
equal  to  the  entire  amount  of  the  com- 
mon stock  now  outstanding.  Substan- 
tially the  same  thing  is  true  of  other 
large  industrial  corporations  of  the  coun- 
try. While  it  is  often  charged  against 
many  large  corporations  that  they  are 
overcapitalized  and  their  stocks  are 
largely  "water,"  it  will  be  found  that  this 
assertion  is  almost  always  based  on  the 
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par  or  face  value  of  the  outstanding 
stock.  If  the  market  quotations  on  the 
securities  of  a  company  under  such  a 
charge  are  examined  it  will  be  found, 
almost  without  exception,  that  the  mar- 
ket has  "squeezed"  out  the  water,  or  in 
other  words  that,  based  on  the  prices  at 
which  the  securities  are  selling  m  the 
open  market,  the  company  is  not  over- 
capitalized. 

Par  value,  in  the  case  of  common 
stocks,  has  but  little  real  meaning,  and  in 
recent  years  there  has  been  much  agita- 
tion for  the  issue  of  all  common  stocks 
without  par  value.  In  the  last  year  a 
number  of  such  corporations  have  been 
organized,  largely  under  the  laws  of 
New  York.  Among  these  have  been  the 
Kennecott  Copper,  Cuba  Cane  Sugar, 
Submarine  Boat,  Western  Power  Corpo- 
ration and  Wisconsin  Edison  Company, 
Inc.  As  the  common  stock  of  a  com- 
pany represents  only  the  equities  in  that 
corporation  above  its  other  securities, 
each  share  of  the  common  stock  simply 
stands  for  its  proportion  of  this  equit}'. 
If  there  are  one  thousand  shares  of  com- 
mon stock  outstanding,  each  share  rep- 
resents i/iooo  of  this  equity,  while  if 
there  are  one  million  shares  issued,  each 
of  these  represents  i/ioooooo  of  this 
equity.  Under  such  conditions,  to  give  a 
common  stock  a  par  value  is  often  mis- 
leading, while  the  issue  of  the  stock 
without  par  value,  frankly  representing 
by  each  share  the  proportionate  amount 
of  the  equity  of  the  common  stock  in 
the  property  and  earning  power  of  the 
corporation,   is   more  and  more   coming 
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into  favor.  The  California  Railroad 
Commission  has  officially  approved  this 
method  of  the  issue  of  common  stock, 
and  other  public  service  commissions 
have  adopted  the  same  attitude.  It  is 
probable  that  in  tlie  future  common 
stocks  will  be  more  and  more  largely 
issued  without  par  value  instead  of  the 
present  plan  of  making  the  stock  $ioo. 
$50,  $25,  $10  or  some  other  face  value 
expressed  in  dollars. 

In  the  case  of  public  utility  corpora- 
tions, such  as  electric  light  and  power, 
gas,  street  and  interurban  railways,  the 
common  stock  hao  almost  always  been  is- 
sued as  representative  of  future  earning 
power  of  the  issuing  corporation.  There 
are  some  states,  such  as  Massachusetts, 
where  stock  issues  must  represent  actual 
value,  but  it  is  now  being  recognized  that 
the  men  who  invest  their  money  in  new- 
enterprises  must  have  an  opportunity  to 
secure  something  beyond  a  simple  inter- 
est return  on  their  investment.  In  gen- 
eral, there  is  hazard  in  any  new  enter- 
prise, and  if  the  men  who  furnish  the 
capital  in  such  enterprises  were  limited 
to  a  simple  return  of  interest  on  the  cap- 
ital risked  they  would  not  be  ready  to 
risk  any  great  amount  of  capital.  In 
bringing  into  being  and  developing  a 
new  enterprise  these  men  must  find  their 
profit  in  the  common  stock.  It  is  to  the 
commoo  stock  that  they  look  for  their 
large  return,  and  in  the  public  utility 
field  the  common  stocks  have  well  re- 
paid the  faith  put  in  them.  The  men 
who  furnished  the  energj-,  brains  and 
capital  to  put  together  the  American 
Light  &  Traction  Company,  the  Amer- 
ican Gas  &  Electric  Company,  the  Cities 
Service  Company  and  other  high-class 
public  utility  financing  and  operating 
groups  took  their  compensation  in  the 
common  stocks  of  these  corporations. 
For  some  time  after  organization  the 
common  stocks  of  these  companies  sold 
far  below  their  value,  but  today  Amer- 
ican Light  &  Traction  common  is  selling 
at  $390  a  share.  Cities  Service  common 
at  $285  a  share,  and  American  Gas  & 
Electric  common,  of  $50  par  value,  at 
$150  a  share. 

There  are  other  companies  which  may 
repeat  the  history  of  these  corporations 
and,  of  course,  the  men  who  buy  the 
common  stocks  of  such  companies  when 
thev  are  at  a  low  point  in  their  early 
days  and  hold  them  through  the  develop- 
ment period  and  on  to  the  time  of  the 
full  fruition  of  the  hopes  of  the  organ- 
izers will  make  large  profits.  Not  all 
common  stocks,  of  course,  have  such  a 
successful  record  as  those  of  the  three 
companies  mentioned,  but  there  is  often 
found  an  opportunity  to  buy  at  a  srnall 
price  the  common  stock  of  a  corporation 
with  bright  prospects  of  future  growth 
and  progress.  But  the  purchaser  of  com- 
mon stocks  of  this  class  must  not  fall 
into  the  error  that  a  stock  is  cheap  be- 
cause it  is  selling  at  a  low  price.  Some- 
times the  most  expensive  common  stock 
that  can  be  bought  is  one  which  is  sell- 
ing at  a  low  price  in  the  market.  In 
buying  these  low-priced  common  stocks, 
as  careful  an  investigation  should  be 
made  as  if  the  purchase  of  a  high-priced 
stock  was  being  considered.  Never  buy 
a  stock  simply  because  it  can  be  obtained 
for  a  small  outlay  of  money.    Look  into 


the  history  of  the  issuing  company,  learn 
all  that  can  be  learned  about  its  plants, 
its  organization  and,  above  all  in  the  case 
of  a  public  utility  company,  its  prospects 
of  expansion  in  its  territory  and  of  in- 
crease in  its  earnings. 

Not  long  ago  flamboyant  advertise- 
ments appeared  in  the  papers  of  a  cer- 
tain stock,  which  was  heralded  as  "the 
cheapest  public  utility  issue"  on  the  mar- 
ket. This  catch  line  was  the  means  of 
securing  many  orders  for  the  stock,  but, 
in  fact,  while  not  a  public  utility  at  all  in 
the  usual  meaning  of  the  term,  it  was 
one  of  the  highest-priced  stocks  in  the 
outside  market.  Its  par  value  was  but 
$1,  and  $3  a  share  was  being  asked  for  it. 
Nothing  has  been  heard  from  it  for 
some  time,  and  it  is  not  probable  that  it 
will  ever  earn  enough  to  pay  an  adequate 
return  on  its  par  value,  let  alone  one  on 
300  percent  of  tliis  par  value.  Now  at 
the  time  this  stock  was  being  oflfered 
there  were  several  other  common  utility 
stocks  which  were  actually  cheap  at  their 
market  prices  and  on  which  the  pur- 
chaser would  have  in  the  next  few 
months  realized  from  50  to  100  percent 
increase  in  market  value.  One  of  these, 
then  selling  at  $20  a  share,  is  now  $40  a 
share ;  another  which  was  selling  at  $40 
a  share  is  now  above  $75  a  share,  and  a 
third  which  was  $7  a  share  is  now  $14  a 
share.  There  are  a  number  of  public 
utility  common  stocks  now  selling  under 
$20  a  share  which  give  promise  of  re- 
turning large  profits  to  the  purchaser  in 
the  next  few  years.  One  of  these  selling 
at  less  than  $12  a  share  at  present  is 
showing  gains  in  earnings  applicable  to 
its  common  stocks  of  over  400  percent. 
It  is  true,  of  course,  that  the  company  is 
paying  no  dividends  on  its  preferred 
stock,  the  latter  being  more  than  three 
years  in  arrears,  but  it  is  just  because  of 
this  fact,  and  also  that  but  a  year  ago 
the  company  was  not  earning  its  interest 
charges,  that  the  common  stock  can  be 
bought  at  the  price  at  which  it  is  now 
selling. 

It  is  told  of  one  of  the  Rothschilds  of 
Paris  that  in  the  dark  days  of  the  Com- 
mune in  Paris  an  investor  came  to  him 
for  advice  regarding  the  investment  of  a 
large  sum  of  money.  "Buy  rentes"  was 
the  advice  of  the  great  banker,  thus  ad- 
vising the  investor  to  purchase  French 
government  securities.  "But,"  protested 
the  would-be  investor,  "the  streets  of 
Paris  are  running  red  with  blood." 
"That  is  just  the  reason  you  can  buy 
rentes  at  their  present  price."  was  the  re- 
joinder of  the  banker,  who,  by  taking  his 
own  advice  at  the  darkest  time  in  French 
modern  history,  added  millions  of  francs 
to  the  fortunes  of  his  famih'. 

There  is  always  a  reason  for  a  low 
market  price  on  the  stock  of  a  company. 
The  factors  which  cause  it  may  be  only 
temporary  or  may  be  due  to  conditions 
which  can  be,  or  are  being,  removed. 
They  may  be  permanent  and  almost  cer- 
tain to  end  in  the  bankruptcy  of  the  com- 
pany. In  the  former  instance  the  low 
price  of  the  securities  will  also  be  found 
to  be  temporary,  and  with  the  removal 
of  these  the  company  will  return  to  its 
former  prosperity  and  its  stock  advance 
greatly  in  price.  In  the  latter  the  stock 
at  any  price  would  be  dear.  It  is  just 
this  information  that  the  purchaser  of 
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low-priced  common  stocks  must  secure. 
Usually  he  may  learn  the  truth  regard- 
ing a  corporation  if  he  is  willing  to  take 
the  time  and  trouble,  and  he  should  cer- 
tainly be  willing  to  do  this  where  it  is  a 
case  of  risking  his  funds.  If  nothing 
definite  can  be  learned  regarding  a  com- 
pany,' then  it  is  the  part  of  wisdom  to 
leave  its  securities  severely  alone. 

In  case  you  are  told  that  a  certain 
stock  is  cheap,  find  out  just  why  it  is 
selling  at  a  low  price.  It  may  be  cheap 
at  $100  a  share  and  it  may  also  be  dear 
at  $1  a  share.  If  you  are  convinced  that 
it  is  selling  at  too  low  a  price  then  buy 
it,  but  don't  buy  it  until  you  are  con- 
vinced of  this  fact.  Many  people  bought 
the  stock  of  the  old  Rock  Island  Com- 
pany because  it  was  selling  at  $i  a  share 
and  less  in  the  face  of  positive  informa- 
tion that  it  was  not  worth  one  cent  a 
share,  but  they  bought  just  because  it 
was  "cheap,"  while,  in  fact,  it  was  a 
most  extravagant  purchase.  When  con- 
vinced that  one  or  more  of  the  low- 
priced  utility  common  stocks,  or  any 
other  class  of  stocks,  are  really  cheap, 
buy  them.  Then  when  you  have  bought 
put  them  away  and  forget  all  about 
them.  Let  the  company  work  out  its  fu- 
ture and  your  stocks  will  grow  in  value 
as  the  company  progresses.  Don't  watch 
the  daily  market  on  such  stocks,  for  they 
were  bought  for  a  long  pull  and  not  for 
an  immediate  profit.  If  they  are  worth 
buying  they  are  worth  holding  and,  un- 
less something  comes  about  which  makes 
you  doubtful  of  the  future  of  the  com- 
pany working  out  properl}',  hold  to  them 
for  the  final  result  of  your  speculation. 

Common  stocks  of  the  newly  organ- 
ized electric  light  and  power  companies, 
especially  those  of  some  of  the  new 
holding  companies,  look  quite  attractive 
and,  where  they  have  been  properly  or- 
ganized and  financed,  with  a  careful  se- 
lection of  operating  properties  in  grow- 
ing communities,  they  are  almost  certain 
to  show  good  results  to  the  holders  of 
their  securities.  The  growth  of  the 
electric  light  and  power  industry  has 
been  more  rapid  in  the  last  year  than 
ever  before  in  its  history.  For  the  first 
three  months  of  1916  there  was  an  in- 
crease of  more  than  15  percent  in  the 
combined  revenues  of  the  light  and 
power  stations  of  the  country,  this  com- 
bined gross  being  more  than  $107000000, 
or  at  the  rate  of  over  $400  000  000  a  year. 
For  March  alone  there  was  an  increase 
of  18  percent  in  combined  revenues  and 
of  more  than  25  percent  in  total  output 
of  stations  over  March,  1915.  Any  in- 
dustry which  can  show  such  results  as 
these — and  it  must  be  remembered  that 
in  1914  and  1915,  when  general  business 
and  industry  in  the  United  States  were 
at  a  low  point,  the  central  station  com- 
panies continued  to  report  increases  in 
revenues — is  worthy  of  tiie  investment 
of  money  in  its  securitie.s.  Electrical 
men  say  that  this  condition  is  not  tem- 
porary, but  that  prosperity  in  the  central 
station  business  is  permanent.  Under 
these  circumstances  there  are  no  better 
securities,  for  either  investment  or  spec- 
ulation, than  those  of  well-managed  and 
properly  financed  electric  light  and  power 
companies.  Their  common  stocks  are 
certain  to  increase  in  value,  and  the  man 
who  buj's  some  of  the  stocks  which  are 
now  selling  at  low  prices,  and  are  really 


and  not  apparently  cheap,  will  find  in  a 
few  years  that  the  expansion  of  the  busi- 
ness and  the  growth  in  earnings  have 
added  large  amounts  to  the  value  of  his 
holdings. 

The  men  who  are  interested  in  the 
electrical  industry  should  realize  these 
facts  and  take  advantage  of  some  of  the 
opportunities  which  are  now  available  to 
select  a  list  of  these  low-priced  stocks 
and,  making  their  purchases,  lock  up 
these  stocks  to  await  with  confidence  the 
future  enhancement  in  their  market 
value,  which  is  as  certain  as  it  is  tliat 
the  business  of  the  generating  and  dis- 
tribution of  electric  current  for  domes- 
tic, commercial  and  industrial  light  and 
power  is  only  just  beginning  to  show  the 
wonderful  expansion  of  which  it  is  cap- 
able. 

So  far  this  discussion  has  been  largely 
devoted  to  the  purchase  of  common 
stocks  because  of  their  speculative  pos- 
sibilities, but  it  must  not  be  overlooked 
that  there  are  common  stocks  in  the 
market  which  are  to  be  classed  also  as  in- 
vestment issues.  In  buying  these  stocks 
for  investment  substantially  the  same 
rules  should  be  followed  as  in  making  a 
selection  of  bonds  or  preferred  stocks 
for  investment.  The  history  of  the  com- 
pany should  be  looked  up,  its  earnings 
studied  over  a  period  of  years,  the  obli- 
gations ahead  of  the  common  stock 
learned  and  other  factors  affecting  the 
investment  value  of  the  common  stock 
thoroughly  gone  over.  There  are  com- 
panies, although  not  many  in  the  public 
utility  field,  which  have  but  one  class  of 
stock,  and  this  stock  should  be  treated 
as  the  same  as  a  common  stock  whicli 
had  preferred  stock  between  it  and  the 
other  obligations  of  the  company.  In 
making  the  purchase  of  the  low-priced 
stocks  for  their  speculative  possibilities 
the  future  of  the  company  is  more  to  be 
considered  than  its  past,  while  in  buying 
for  investment  the  past  history  of  the 
company,  its  earnings,  financing  and 
other  details  are  of  as  much  importance 
almost  as  a  study  of  its  future  possi- 
bilities. 

It  is  often  because  a  company  has  a 
bad  past  that  it  is  possible  to  buy  its 
stock  at  a  low  price,  and  it  is  where  the 
company  is  remedying  this  past  and 
strengthening  itself  for  the  future  that 
the  speculative  possibilities  of  its  s|o?k< 
begin  to  be  truly  seen.  But  in  bi,\,tu 
for  investment  there  should  be  a  clean 
past  and,  so  far  as  it  may  be  foreseen,  a 
clear  future  also. 

Holders  of  common  stocks  of  corpo- 
rations often  have  rights,  extra  divi- 
dends, distributions  of  stocks,  etc.,  which 
atifect  the  market  value  of  their  holdings 
and  return  them  good  profits  in  addition 
to  their  regular  dividends,  and  these 
should  be  carefully  looked  after.  There 
are  some  companies  which  have  a  recog- 
nized reputation  as  growers  of  "melons," 
as  these  extra  rights  and  distributions 
are  often  known.  The  stocks  of  such 
companies  sell  well  above  what  would  be 
a  fair  figure  for  the  return  on  their  reg- 
ular dividends  because  of  the  fact  of 
these  extras  on  their  stocks.  Often  a 
company  has  expended  large  amounts 
out  of  earnings  for  capital  purposes,  and 
has  been  carrying  these  amounts  in  its 
profit  and  loss  surplus.  Its  board  de- 
cides that  these  expenditures  should  be 


capitalized,  and  so  a  stock  dividend  is 
declared  on  the  common  stock.  Again, 
the  corporation  desires  to  raise  addi- 
tional capital  and  at  the  same  time  give 
the  holders  of  its  stock  something  in  ad- 
dition to  the  dividends  which  they  have 
been  receiving.  In  such  a  case  an  issue 
of  new  stock  is  authorized  and  offered 
to  the  stockholders  at  par,  although  the 
old  stock  may  be  selling  in  the  market 
well  above  par.  Most  states  provide  in 
their  laws  that  new  stock  issues  must 
always  be  offered  first  to  the  stock- 
holders and  if  not  taken  by  them  may 
then  be  sold  otherwise.  The  purchase 
of  new  stock  at  par  when  the  old  stock 
is  selling  well  above  that  figure,  of 
course  results  in  a  profit  for  the  stock- 
Iiolders  who  subscribe  for  the  stock. 

Again,  extra  dividends  on  the  common 
stock,  above  and  in  addition  to  the  reg- 
ular quarterly  or  semi-annual  rate,  may 
be  declared  when  earnings  have  been 
good  over  a  certain  period.  There  are 
many  ways  in  which  the  holder  of  the 
common  stock  of  a  company  may  profit, 
and  this  is  another  reason  why  common 
stocks  are  so  popular.  Some  companies 
in  the  utility  field,  among  them  Amer- 
ican Light  &  Traction,  American  Gas  & 
Electric  and  Cities  Service,  pay,  in  addi- 
tion to  their  regular  cash  dividends  on 
their  common  stocks,  regular  dividends 
in  common  stock.  American  Light  & 
Traction,  the  common  stock  of  which  is 
selling  at  $390  a  share,  pays  10  percent  in 
cash  and  10  percent  in  common  stock  an- 
nually. It  will  be  seen  that  the  10  per- 
cent in  common  stock  is  actually  a  divi- 
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dend  if  figured  at  the  market  value  of 
the  common  stock  of  $39  a  share,  in  ad- 
dition to  the  $10  a  share  cash  dividend. 
American  Gas  &  Electric  has  been  pay- 
ing 10  percent  in  cash  and  4  percent  in 
common  stock  each  year  on  its  common 
stock.  Cities  Service  Company  limits 
the  cash  dividends  on  its  common  stock 
to  6  percent  a  year,  and  for  this  year 
and  for  1917  will  pay  6  percent  annually 
in  common  stock  in  addition.  The  di- 
rectors have  announced  that  after  1917. 
in  case  earnings  of  the  company  warrant 
such  action,  this  stock  dividend  will  be 
increased  by  3  percent  each  year.  In 
paying  these  dividends  in  common  stock 
the  companies  take  the  cash  represented 
by  the  par  value  of  the  stock  distributed 
and  invest  it  in  the  operating  properties, 
so  that  in  effect  the  stock  dividends  are 
the  equivalent  of  selling  the  common 
stock  of  the  companj'  to  the  stock- 
holders at  par.  As  the  cash  represented 
by  these  dividends  in  stock  is  invested  in 
the  physical  properties  of  the  company, 
the  payment  of  such  dividends  is  always 
considered  as  increasing  the  value  of  the 
preferred  stock  of  the  corporation. 

American  Light  &  Traction  6  percent 
preferred  is  selling  around  $112  a  share, 
this  company  having  followed  the  policy 
of  paying  part  of  its  dividends  in  com- 
mon stock  since  1910.  American  Gas  & 
Electric  6  percent  preferred  is  selling  at 
par  under  a  policy  of  dividends  in  com- 
mon stock  since  1913.  Cities  Service  6 
percent  has  not  yet  felt  the  effects  of 
the  policy,  as  the  company  will  not  in- 
augurate the  dividends  in  common  stock 
until  September  of  this  year.  Other 
utility  companies,  as  their  earnings  in- 
crease, are  taking  up  this  policy,  so  that 
it  will  be  seen  that  there  are  great  pos- 
sibilities in  the  common  stocks  of  the 
utility  companies  of  the  country,  espe- 
cially in  those  of  electric  light  and  power 
corporations,  now  that  these  latter  com- 
panies are  showing  the  largest  gains  in 
earnings  in  their  history. 


CONSUMERS    POWER    COMPANY 
OF  MICHIGAN 

Consumers  Power  Company  of  Michi- 
gan, the  principal  generating  and  trans- 
mission subsidiary  of  the  Common- 
wealth Power,  Railway  &  Light  Com- 
pany, has  substantially  completed  its 
plan  to  take  over  in  fee  all  its  under- 
lying properties  formerly  held  through 
stock  ownership.  By  this  arrangement 
the  five  percent  first  lien  and  refunding 
bonds  of  Consumers  Power  become  di- 
rect first  mortgage  liens  on  more  than 
75  percent  of  all  properties  of  the  com- 
pany, and  are  subject  only  to  some 
underlying  issues  on  a  few  properties. 
By  the  carrying  out  of  this  plan  sev- 
eral intermediate  corporations  have  been 
eliminated  and  economies  effected  in 
operation  and  management,  and  also  a 
direct  saving  in  taxes.  The  Consumers 
Power  bonds  have  had  a  good  advance 
recently  and  are  now  selling  close  to 
par.  Earnings  of  the  company  are  show- 
ing large  gains,  gross  for  January,  1916, 
increasing  21.5  percent,  and  for  the  12 
months  ended  January  31,  16  percent, 
while  net  for  the  payment  of  bond  inter- 
est increased  20  percent  in  January  and 
17  percent  in  the  12  months,  over  the 
corresponding  periods  of  the  preceding 


year.  The  balance  for  the  12  months 
applicable  to  payment  of  bond  interest 
was  $2  635  838,  and  as  $1  180  178  is  re- 
quired for  interest  payments  there  was  a 
balance  of  $1  445  660,  showing  that  the 
company  is  earning  well  above  twice  its 
bond  interest.  Officials  of  the  company 
say  that  not  more  than  one  percent  of 
its  increased  business  is  directly  attribut- 
able to  war  orders. 


EMPIRE  GAS  AND  FUEL 

Empire  Gas  and  Fuel  Company  of 
Kansas,  which  controls  the  natural  gas 
and  oil  properties  of  Cities  Service 
Company  in  Kansas  and  Oklahoma,  has 
sold  to  a  syndicate  composed  of  Mont- 
gomery, Clothier  &  Ty'er,  J.  &  W.  Selig- 
man  &  Co.,  Kissell,  Kinnicutt  &  Co.  and 
White,  Weld  &  Co.  $14000000  first  and 
collateral  trust  mortgage  6  percent  ten- 
year  bonds  dated  May  l,  1916,  and  with 
a  sinking  fund  which  will  retire  the  en- 
tire issue  at  maturity.  The  bonds  were 
offered  at  par  and  interest  by  the  syndi- 
cate and  quickly  sold.  Proceeds  of  the 
issue  will  be  used  for  the  retirement 
July  I,  1916,  of  the  $7000000  five-year  7 
percent  notes  of  Cities  Service  Company 
and  for  the  retirement  of  the  bonds  of 
the  Wichita  Natural  Gas  Company,  the 
Quapaw  Gas  Company  and  other  under- 
lying liens,  aggregating  in  all  about 
$2500000.  The  balance  of  the  proceeds 
will  be  used  for  working  capital  of  Em- 
pire Gas  and  Fuel  and  for  the  develop- 
ment of  its  Kansas  and  Oklahoma  prop- 
erties. By  this  financing  all  funded  and 
floating  debt  of  Cities  Service  Company 
is  eliminated  and  all  earnings  of  the 
holding  corporation,  now  totaling  more 
than  $5  000  000  a  year,  except  the  com- 
paratively small  amount  required  for  e.x- 
penses,  accrue  to  its  preferred  and  com- 
mon stocks. 


CITIES  SERVICE  COMPANY 
Cities  Service  Company,  which  oper- 
ates electric  light  and  power,  gas  and 
electric  railway  properties  in  sixteen 
states,  reported  gross  income  from  sub- 
sidiaries for  the  12  months  ended  Janu- 
ary 31,  1916,  of  $4717444,  a  gain  of 
$771  849  over  the  preceding  12  months. 
Net  income,  available  for  dividends,  was 
$4  047  168,  equivalent  to  2.52  times  the 
dividend  requirements  for  the  preferred 
stock  and,  after  payment  of  preferred 
dividends,  equivalent  to  16.26  percent  on 
the  common  stock.  Combined  gross 
earnings  of  the  subsidiary  properties  for 
1915  were  $22656079,  an  increase  of 
$3  562  425  over  the  combined  gross  for 
1914.  The  five-year  seven  percent  notes 
of  the  company,  of  which  $7  000  000  are 
outstanding,  have  been  advancing  in 
price  and  are  now  selling  at  loi. 


NORTHERN  STATES  POWER  OF 

MINNESOTA 

Northern  States  Power  Company  of 
Minnesota,  formerly  the  Consumers 
Power  Company  of  Minnesota,  has  sold 
to  a  syndicate  composed  of  H.  M. 
Byllsby  &  Co.,  the  Guaranty  Trust  Com- 
pany of  New  York,  William  P.  Bon- 
bright  &  Co.  and  Spencer,  Trask  &  Co. 
$8000000  of  ten-year  7  percent  notes, 
which  were  quickly  resold  to  investors  at 
99  and  interest.  Northern  States  Power 
Company  of  Minnesota  is  the  operating 


subsidiary  of  Northern  States  Power 
Company  of  Delaware,  and  the  sale  of 
these  notes,  in  connection  with  a  sale  of 
$18000000  25  year  five  percent  first  and 
refunding  bonds,  which  has  also  been 
made  to  a  similar  syndicate  and  will  be 
offered  to  investors  shortly,  is  a  part  of 
the  plan  for  the  reorganization  and  sim- 
plification of  the  financial  and  corporate 
organization  of  Northern  States  Power 
of  Delaware  and  its  subsidiaries.  The 
proceeds  of  the  notes  and  bonds  will,  in 
large  part,  be  used  for  the  retirement  of 
the  Consumers  Power  bonds  and  notes, 
the  Minneapolis  General  Electric  notes 
and  the  Northern  States  Power  Com- 
pany of  Delaware  notes  which  have  been 
called  for  payment  May  i  and  June  i  of 
the  current  year,  and  the  balance  will  be 
used  for  working  capital. 


GENERAL  GAS  &  ELECTRIC 
General  Gas  &  Electric  Company, 
operating  electric  light  and  power  and 
electric  railways  in  Pennsylvania,  Ohio, 
New  Jersey,  Vermont  and  New  York,  is 
showing  good  gains  in  its  earnings.  For 
January,  1916,  combined  net  earnings  of 
subsidiaries  were  $94  572,  a  gain  of 
$20144,  or  27  percent,  over  January, 
1915,  while  for  the  seven  months  ended 
January  31,  1916,  surplus,  applicable  to 
payment  of  dividends,  was  $135  819,  or 
$58236  in  excess  of  the  amount  required 
for  dividends  on  the  preferred  stock  in 
that  period.  The  average  gain  in  gross 
earnings  of  subsidiaries  is  now  running 
at  a  rate  of  20  percent  over  a  year  ago. 
Of  the  revenues  of  the  company,  66  per- 
cent comes  from  electric  light  and 
power,  20  percent  from  gas  and  14  per- 
cent from  electric  railway  service. 


UNITED  LIGHT  &  RAILWAYS 
United  Light  &  Railways  Company, 
which  has  been  contemplating  the  sale  of 
$2000000  preferred  stock,  will  not  go 
into  the  market  for  new  money  at  pres- 
ent, as  its  earnings  have  been  increasing 
so  rapidly  that  it  does  not  need  to  raise 
new  capital  at  present.  The  company 
is  in  the  best  financial  condition  in  its 
history,  and  for  1915  gross  earnings  of 
operated  properties  were  $6  300  000.  It 
is  believed  that  for  1916  gross  will  be 
close  to  $7  000  000.  The  company  has  no 
near  maturities  to  provide  for  and  its 
surplus  earnings  are  now  running  at  an 
annual  rate  of  close  to  11  percent  on  its 
common  stock,  resumption  of  dividends 
on  which  is  not  expected  to  be  much 
longer  delayed. 


SMALL   COMPANY'S   REMARK- 
ABLE LOAD 

For  the  first  28  days  in  March  the  Al- 
liance Gas  &  Power  Company  made^  a 
mark  of  217530  kilowatt-hours  for  its 
day  load  and  205  630  kilowatt-hours  for 
its  night  load,  a  daily  average  of  15  112 
kilowatt-hours  for  the  28  days.  The  re- 
markable feature  of  this  output  is  that 
the  Alliance  plant  has  only  generating 
capacity  of  a  1000  kilowatt  turbine,  but  a 
2500  kilowatt  turbine  is  now  being  in- 
stalled. The  general  use  of  electric  cur- 
rent in  .Mliance  is  shown  by  the  fact 
that  the  per  capita  consumption  of  elec- 
tric current  in  the  little  city  is  now  $9  a 
year. 


PERSONALS 

Mr.  Samuel  M.  Vauclain,  vice  presi- 
dent of  the  Baldwin  Locomotive  Works, 
has  been  elected  a  director  of  the  West- 
inghouse  Electric  &  Mfg.  Company. 


Prof.  George  C.  Shaad,  of  the  depart- 
ment of  electrical  engineering  of  the 
University  of  Kansas,  has  been  ap- 
pointed the  Kansas  representative  on 
the  Industrial  Preparedness  Committee 
of  the  Naval  Consulting  Board. 


Mr.  B.  J.  Arnold,  consulting  engineer, 
of  Chicago,  has  been  engaged  by  the 
Chamber  of  Commerce  of  Rochester,  N. 
Y.,  to  survey  and  report  on  the  needs  of 
the  city  with  respect  to  transportation. 


Mr.  William  von  Phul.  of  Ford,  Bacon 
&  Davis,  has  been  appointed  to  succeed 
Mr.  Charles  N.  Black  as  vice  president 
and  general  manager  of  the  United  Rail- 
roads of  San  Francisco. 


Mr.  H.  G.  Stott,  superintendent  of 
motive  power  of  the  Interborough  Rapid 
Transit  Company,  has  been  retained  as 
consulting  engineer  in  connection  witli 
the  large  steam  plant  which  the  Buffalo 
General  Electric  Company  is  building  at 
Buffalo,  N.  Y. 


Mr.  Edward  B.  Elliott,  chief  electrical 
engineer  of  the  Sanitary  District  of  Chi- 
cago, has  resigned,  and  will  open  a  con- 
sulting engineering  office  in  Salt  Lake 
City. 


Mr.  M.  R.  Bump,  vice  president  of  the 
Picher  Lead  Company,  of  Joplin,  Mo., 
has  resigned  to  return  to  the  H.  L. 
Doherty  organization  as  chief  engineer. 


Mr.  D.  S.  Miller,  formerly  supervisor 
of  power  and  lines  of  the  electric  prop- 
erties controlled  by  the  New  York,  New 
Haven  &  Hartford  Railroad  Company, 
has  been  appointed  manager  of  power 
and  lines  of  the  properties  of  the  Read- 
ing Transit  &  Light  Company. 


Mr.  D.  A.  Casey,  who  has  been  for  the 
past  six  years  machinery  salesman  for 
the  Westinghouse  Electric  &  Mfg.  Com- 
pany throughout  the  Pittsburgh  terri- 
tory, has  resigned  to  organize  the  Ser- 
vice Supply  &  Equipment  Company,  with 
offices  in  the  Fulton  building,  Pittsburgh, 
to  act  as  sales  agent  for  machinery  and 
supplies  in  the  Pittsburgh  district. 


Mr.  R.  H.  Rathbun,  formerly  of  Ma- 
dera, Chihuahua,  Mexico,  and  chief  en- 
gineer of  the  Madera  Company,  lumber- 
ine  mills  and  by-products  manufac- 
turers, is  now  connected  with  the  stoker 
sales  department,  Westinghouse  Elec- 
tric &  Mfg.  Company,  Chicago. 


Mr.  E.  F.  Bulmahn,  formerly  of  the 
power  division  sales  department,  West- 
inghouse Electric  &  Mfg.  Company. 
Chicago,  has  resigned,  and  is  now  con- 
nected with  D.  G.  Fisher  &  Co.,  con- 
tracting and  operating  engineers,  Daven- 
port, la. 


Lefax  for  May  reprints  the  article  en- 
titled "Auto  Transformers,"  by  Mr.  E. 
G.  Reed,  from  the  Journ.\l  for  March, 
1916;  also  the  article  entitled  "Polarity 
of  Single-Phase  Transformers,"  by  Mr. 
M.  A.  Smith,  Jr.,  from  the  JotJRN.\L  for 
February,  1915. 
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NEW  A.LE.E.  OFFICERS-ELECT 

The  results  of  the  election  for  officers 
for  the  year  beginning  August  I,  1916, 
are  as  follows : — President,  Harold  W. 
Buck;  vice  presidents,  L.  T.  Robinson, 
Peter  Junkersfeld,  B.  A.  Behrend  ;  man- 
agers, J.  B.  Fisken,  Charles  Robbins,  N. 
A.  Carle,  Charles  S.  Ruffner ;  treasurer, 
George  A.  Hamilton.  At  the  meeting  of 
the  directors  on  May  16  Mr.  F.  L.  Hutch- 
inson was  reappointed  secretary  for  the 
ensuing  year. 


NEW  ILLUMINATING  ENGINEER- 
ING SOCIETY  OFFICERS 

The  annual  election  of  officers  of  the 
I.E!S.  on  June  8  resulted  as  follows: — 
President,  W.  J.  Serrill,  of  the  Philadel- 
phia Gas  Works;  vice  president  repre- 
senting Chicago  section,  M.  G.  Lloyd ; 
vice  president  representing  New  Eng- 
land section,  T.  H.  Piser;  vice  president 
representing  Philadelphia  section,  G.  S. 
Crampton ;  general  secretary,  C.  E. 
Clewell ;  treasurer,  L.  B.  Marks. 


NEW  BOOKS 


"Mechanical  Engineer's  Handbook"  — 
Lionel  S.  Marks.  1836  pages,  illustrated. 
Bound  in  flexible  red  leather,  handbook 
size.  Published  by  McGraw-Hill  Book 
Company,  New  York  City.  Price  $5. 
The  German  book,  "Hutte,"  now  in  its 
twenty-second  edition,  has  been  used  as 
the  basis  for  this  handbook.  This  does 
not  mean  that  it  is  in  any  sense  a  trans- 
lation, but  that  the  editors  started  out  to 
prepare  a  mechanical  engineer's  hand- 
book, having  at  hand  and  permission  to 
use  the  data  contained  in  the  above-men- 
tioned work.  The  book  divides  itself 
into  two  main  halves,  the  first  860  pages 
being  devoted  to  the  more  theoretical 
topics,  and  the  last  960  pages  to  the 
statement  and  discussion  of  current 
practice.  As  in  other  similar  handbooks, 
a  large  staff  of  contributing  editors  has 
asisted  in  the  preparation  of  the  various 
sections,  including  fifty  experts  in  all, 
each  contributor  being  regarded  as  re- 
sponsible for  the  accuracy  of  his  section. 
The  theoretical  portion  is  subdivided 
into  seven  sections,  dealing  with  mathe- 
matical tables  and  weights  and  meas- 
ures, mathematics,  mechanics  of  solids 
and  liquids,  heat,  strength  of  materials, 
materials  of  engineering  and  machine 
elements.  The  portion  devoted  to  prac- 
tice is  divided  into  eight  sections,  deal- 
ing with  power  generation,  hoisting  and 
conveying,  transportation,  building  con- 
struction and  equipment,  machine  shop 
practice,  pumps  and  compressors,  and 
engineering  measurements,  mechanical 
refrigeration,  etc.  The  mathematical  sec- 
tion and  that  devoted  to  mechanics  is 
especially  well  handled,  including  a  great 
amount  of  useful  data  in  condensed 
form,  covering  practically  all  the  ground 
represented  in  engineering  courses  on 
mathematics.  The  section  on  heat  is  one 
of  the  most  complete  on  this  subject 
that  has  ever  appeared  in  the  English 
language.  Power  generation  is  subdi- 
vided into  steam  boilers,  the  steam  en- 
gine, steam  turbines,  condensation,  inter- 
nal combustion  engines,  gas  turbines, 
water  wheels,  hvdraulic  turbines  and  cost 
of  power.  This  section  occupies  over 
240  pages.  Transportation  is  divided 
into  four  subjects — automobiles,  railway 
engineering,  marine  engineering  and 
aeronautics.  The  subject  of  machine 
shop  practice  is  covered  by  Mr.  Alford, 


editor  of  American  Machinist.  Particu- 
larly noteworthy  is  the  treatment  of 
various  welding  processes.  The  section 
on  electrical  engineering  covers  104 
pages.  In  view  of  the  very  excellent 
handbooks  available  on  this  subject,  it 
would  hardly  seem  necessary  to  include 
this  section  in  this  handbook.  This  im- 
plies, of  course,  that  the  user  will  have 
available  other  handbooks,  which  natur- 
ally is  not  always  the  case,  and  is  prob- 
ably the  reason  for  the  insertion  of  a 
certain  amount  of  material  on  this  sub- 
ject. However,  from  the  standpoint  of 
the  well-equipped  engineer,  it  would 
seem  that  this  space  could  have  been  de- 
voted to  further  elaboration  of  mechan- 
ical engineering  topics.  The  book  is  un- 
questionably the  most  thorough  and  com- 
prehensive mechanical  engineer's  hand- 
l)ook  in  the  English  language.  The  book 
is  provided  with  thumb  tabs  to  give 
quick  accessibility  to  the  various  sec- 
tions. The  index  is  unusually  complete 
and  well  arranged.  Bold-face  type  is 
used  judiciously  to  assist  the  reader  in 
locating  the  desired  topics.  It  has  now 
been  a  number  of  years  since  an  entirely 
new  mechanical  engineer's  handbook  has 
appeared,  and  this  book  will  undoubtedly 
prove  of  much  service  to  the  mechanical 
engineering  profession.  \.  h.  m. 


"The  Electrical  Contractor" — Louis  W. 
Moxey,  Jr.  86  pages,  15  illustrations, 
49  tables.  Published  by  McGraw-Hill 
Book  Company,  New  York  City.  Price 
$1.50. 

This  book  covers  the  principles  of  cost 
keeping  and  estimating  wiring  and  illu- 
mination calculations  and  other  tech- 
nical problems  of  the  electrical  con- 
tractor. The  writer  has  had  some  twenty 
years'  experience  in  electrical  contract- 
ing work  and  has  worked  out  some  very 
excellent  methods  for  cost  keeping,  and 
illustrates  a  number  of  forms  which  have 
been  found  to  be  convenient.  He  also 
includes  numerous  tables  giving  unit 
labor  costs  for  work  which  the  elec- 
trical contractor  is  called  upon  to  do. 
An  elementary  discussion  is  given  on 
methods  of  calculating  wire  size  for 
both  direct  and  alternating-current  cir- 
cuits. A  short  discussion  is  also  in- 
cluded on  illumination  calculation  which, 
while  quite  general,  should  be  of  consid- 
erable assistance  to  those  called  upon  to 
lay  out  lighting  circuits. 


"Electric     Railway     Engineering"  —  C. 
Francis     Harding     and     Dressel     D. 
Ewing.     416   pages ;    190  illustrations. 
Published  by  McGraw-Hill  Book  Com- 
pany, New  York  City.     Price  $3.00. 
This  is  the  second  edition  of  this  well- 
known   textbook,  planned  primarily   for 
senior  technical  students.    In  addition  to 
revisions   of    the   text,   an   entirely  new 
chapter  has  been  added  on  "Locomotive 
Train  Haulage."     This  gives  elementary 
explanations     regarding     drawbar     pull, 
train  resistance,  speed,  distance,  current 
and  power-time  curves  and  regenerative 
braking.     The  split-phase  locomotive  is 
explained   and   illustrated ;   also   a   short 
section   on    the   mercurj'  vapor   rectifier 
locomotive.      The    final    chapter    is    on 
"Electric  Traction  on  Trunk  Lines"  and 
gives  comparisons   between   steam   loco- 
motives  and   different   types   of    electric 
locomotives.    Some  data  is  also  included 
on  the  cost  of  electrification  and  electric 
operation. 
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TRADE  NOTES 

The  Westinghouse  Lamp  Company 
has  moved  its  executive  offices  from  1261 
Broadwav  to  165  Broadway,  New  York 
Citv. 


The  Standard  Underground  Cable 
Company  has  recently  opened  a  new 
branch  office  at  704  Wilkins  building, 
Washington,  D.  C.  Mr.  Edward  Kersch- 
ner,  formerly  with  the  Philadelphia 
office,  is  in  charge  of  the  new  office. 


The  C.  W.  Hunt  Company,  West  New 
Brighton,  N.  Y.,  has  issued  a  new  valve 
catalogue.  No.  G-15-3,  illustrating  and 
describing  its  standard  types  of  gates  or 
valves  for  controlling  the  flow  of  bulk 
materials.  Dimensions  are  given  for 
those  most  frequently  used  in  power 
house  and  storage  pocket  design.  Copies 
of  this  catalogue  will  be  sent  on  request. 


The  Standard  Underground  Cable 
Company  has  moved  its  Chicago  office 
from  The  Rookery  to  the  Conway  build- 
ing. Its  Detroit  office  has  been  moved 
from  the  Free  Press  building  to  the 
David  Whitney  building.  It  will  shortly 
open  a  new  office  in  Minneapolis,  Minn.. 
with  Mr.  W.  J.  Weld  in  charge. 


The  Westinghouse  Lamp  Company 
has  published  the  sixth  in  its  series  of 
"Electrical  Salesmen's  Lamp  Hand- 
books." This  issue  is  on  ""How  to  De- 
sign Effective  Lighting."  It  is  expected 
that  the  information  contained  therein 
will  be  of  great  value  to  everyone  who 
is  interested  in  the  selling  of  lamps. 
Copies  of  this  booklet  can  be  secured  on 
request  to  the  company  offices  at  165 
Broadway,  New  York  City. 


Mr.  A.  D.  Fishel,  who  has  been  for  a 
number  of  years  in  charge  of  the  trans- 
former division  of  the  supply  sales  de- 
partment of  the  Westinghouse  Electric 
&  Mfg.  Company  at  East  Pittsburgh,  has 
resigned  to  accept  the  position  of  assist- 
ant sales  manager  of  the  Adams-Bagnall 
Company,  of  Cleveland,  Ohio. 


The  Electric  Storage  Battery  Com- 
pany, of  Philadelphia,  has  reprinted  as 
their  Bulletin  No.  156  the  article  by  Mr. 
J.  H.  Tracy,  assistant  chief  engineer, 
which  appeared  in  the  Journ.\l  for  Janu- 
ary, 1916.  Copies  of  this  bulletin  are 
obtainable  from  the  Electric  Storage 
Battery  Company,  Allegheny  avenue  and 
Nineteenth  street,  Philadelphia. 


NEW  BOOKS 


"Fundamental  Sources  of  Efficiency" — 
Fletcher  Durell.  364  pages.  Published 
by  J.  B.  Lippincott  Company,  Philadel- 
phia.    Price  $2.50, 

The  application  of  true  efficiency  in 
ordinary  life  and  in  industrial  activities 
is  astonishingly  small.  There  are  count- 
less avenues  for  improvement,  but  the 
difficulty  in  securing  proper  and  effec- 
tive use  of  all  resources  lies  apparently 
in  the  inertia  of  the  elemental  and  con- 
stituent units — the  labors,  whether  in 
manual  or  mental  occupations.  Before 
the  cultivation  of  scientific  principles  be- 
comes effective  a  thorough  conception  of 
all  sources  of  efficiencj'  must  be  had.  Dr. 
Durell  in  these  original  studies  has  ex- 
amined exhaustively  and  analytically 
into  the  causes  of  efficient  attainment 
and  presents  an  exposition  of  the  con- 
tributive  and  fundamental  factors  in 
this    important    science.      The    eighteen 


chapters  are  headed  by  the  following 
captions,  which  are  indicative  of  the 
scope  of  the  work  : — I  and  II — Defini- 
tions and  First  Principles;  III — The 
Unit  and  Its  Multipliers;  IV— The 
Group  ;  V — Multicative  Groups  ;  V'l — 
Orders  of  Material :  \'II — Externality  ; 
VIII — LTniformity  and  Diversity:  IX — 
Expenditures  and  Results  ;  X — Symbol- 
ism :  XI  —  Directive:  XII  —  Kinematic 
and  Dynamic ;  XIII— Rythm ;  XIV— 
Dialectic  ;  XV — Limitation  ;  XVI — Error 
and  Paradox;  XVII — Combination  of 
Efficients,  Summary;  XVIII — Applica- 
tions. The  book  should  find  a  fittin.g 
place  in  the  curricula  of  our  schools  of 
higher  education  for  advanced  class 
work,  but  in  addition  may  prove  in- 
tensely profitable  reading  to  students  in 
practical  life  who  seek  a  means  of  an- 
alyzing productive  action  and  of  increas- 
ing results  through  directive  efforts. 


"Pole  and  Tower  Lines" — R.  D.  Coombs. 

267  pages,  161  illustrations.     Published 

by  the  McGraw-Hill   Book  Company, 

New  York.    Price  $2.50. 

Committees  and  individuals  are  spe- 
cializing on  this  branch  of  central  sta- 
tion engineering  and  consequently  a  use- 
ful contribution,  such  as  the  "resent  au- 
thor has  prepared,  is  to  be  welcomed. 
This  book  deals  with  the  different  types 
of  construction  and  the  problems  in- 
volved. It  is  given  over  to  mechanical 
considerations  primarily.  Costs  are 
dwelt  upon  in  Chapter  XII.  Among  the 
i}rominent  subjects  treated  in  addition  to 
loading  and  stresses  are  the  quality  of 
wooden  jioles,  the  design  of  steel  towers 
and  the  manufacture  of  concrete  poles. 
Erection  methods  are  given.  Present 
practice  in  the  art  is  drawn  upon  exten- 
sively. E.  D.  P. 


"Five-Figure   Mathematical   Tables"^E. 

Chappell.     320   pages.      Published    by 

the  D.  Van  Nostrand  Company,  New 

York  City.    Price  $2.00. 

In  addition  to  the  usual  tables  of 
logarithms  there  are  included  in  this 
book  tables  of  such  quantities  as  the  au- 
thor calls  "lolog,"  meaning  the  log  of  a 
log  of  a  number ;  also  "illog."  meaning 
anti-log,  and  "illologs,"  meaning  anti- 
antilogarithms.  In  addition,  trigomet- 
rical  functions  and  their  logarithms  are 
given  in  tabular  form;  also  useful  num- 
bers and  their  logs  and  factors  for  con- 
verting with  their  logs. 


"Centrifugal   Pumps.  Their  Design   and 
Construction" — Louis    C.    Loewenstein 
and   Clarence   P.   Crissey.     435   pages. 
320  illustrations.  8  folded  insert  plates. 
Published    by   the    D.    Van    Nostrand 
Company.  New  York  Cit}'.     Price  $4.50. 
The  authors  of  this  book  have  done  a 
valuable  work  in  bringing  together  from 
many  sources  the  theory  of  centrifugal 
pumps,  which  has  been  arranged  in  such 
form  as  to  make  it  most  readily  useful 
and    which    has    been    added    to    largely 
from   their   own   experience.     The    first 
half  of  the  book  is  given  over  to  the 
principles  of  design,  and  formula,  curves 
and  empirical  data  are  presented,  with  a 
complete  discussion  of  the  principles  in- 
volved.    Each  of  the  parts  of  the  pump, 
such    as    blading,    guide    vanes,    etc..    is 
treated   separately.      Especially   valuable 
is  a  chapter  treating  of  critical  speeds. 
Almost    half   the   book   is    given    up    to 
illustrations   and   descriptions   of   pumps 
built  by  typical  manufacturers,  together 


with  curves  of  performance  of  many  of 
the  pumps  illustrated.  This  part  of  the 
book  should  be  of  especial  value  to  the 
user  of  centrifugal  pumps  who  is  seek- 
ing for  information  relative  to  the  char- 
acteristics and  applications  rather  than 
design  data.  The  final  chapter  discusses 
standard  methods  of  testing  centrifugal 
pumps.  c.  R.  R. 


"Electrical    Engineering — First    Course" 
— E.  J.  Berg  and  W.  L.  Upson.     416 
pages ;  296  illustrations.    Published  by 
McGraw-Hill    Book    Company,    New 
York.     Price  $4.00. 
The  present  textbook  emanates   from 
Union    College    and    is    designed    for    a 
college  text  based  on  the  author's  ex- 
perience   during    the    past    eight    years. 
The  ground  covered  is  much  the  same  as 
in  other  similar  textbooks,  although  the 
method     of     presentation     is     decidedly 
original.      Among   the   topics    not   ordi- 
narily included  in  such  a  work  are  chap- 
ters on  the  design  of  a  lifting  magnet, 
direct-current     generators     with     corn- 
mutating  poles  and  compensating  wind- 
ings, theory  of  the  ballastic  galvanome- 
ter,  theory   and   use   of   the   wattmeter, 
distorted    waves,   hunting,   combinations 
in  multiphase  transformer  systems  and 
short-circuits  of  alternators. 


"Locomotive  Operation  and  Train  Con- 
trol"— Arthur  Julius  Wood.  271  pages, 
117  illustrations.  Published  by  Mc- 
Graw-Hill Book  Company,  New  York 
City.    Price  $3.00. 

This  is  a  college  text  work  based  on 
the  practice  at  Pennsylvania  State  Col- 
lege and  refers  almost  exclusively  to 
steam  locomotive  operation  and  testing, 
only  a  dozen  pages  being  devoted  to 
electric  locomotives.  Such  fundamentals 
as  tractive  effort,  acceleration,  train  re- 
sistance, predetermination  of  perform- 
ance, etc..  are  gone  into  quite  thor- 
oughly. Probably  as  much  data  is  in- 
cluded as  is  feasible  in  limited  space,  as 
the  subject  could  be  elaborated,  giving 
details  in  a  much  thorough  manner  than 
is  the  case  in  this  work.  Considerable 
space  is  devoted  to  problems  and  ques- 
tions for  classroom  work. 


"Electrical   Measurements   and   Testing" 
— Chester    E.    Dawes.      Published    by 
John  Wiley  &  Sons.     Price  50  cents. 
This  is  a  loose-leaf  laboratory  manual 
on  direct  and  alternating  current  testing 
designed  to  be  used  as  a  manual  to  ac- 
company Timbie's   "Electrical   Measure- 
ments"   and     Karapetoff's     "Elementary 
Electrical  Testing,"  and  forms  a  part  of 
the  Wiley  Technical  Series. 


"Electric   Wiring   Specifications" — J.    H. 

Montgomery.      139   pages.      Published 

by  D.   Van   Nostrand   Company,   New 

York  City.     Price  $1.00. 

This  book  is  intended  for  the  use  of 
general  contractors,  architects  and  others 
who  are  called  upon  to  draw  up  specifi- 
cations for  electrical  work.  It  does  not 
include  equipments  of  larger  size  or 
those  including  special  apparatus.  Para- 
graphs on  various  sub-divisions  are  num- 
bered, and  keys  containing  references  to 
the  various  numbered  paragraphs  are 
given  as  the  frame  work  for  the  drawing 
up  of  specifications  of  various  kinds, 
such  as  conduit  work,  knob  and  tube 
work,  moving  picture  machine  equip- 
ment, etc.  The  final  section  is  on  illu- 
mination and  on  inspection. 
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INDUSTRIAL  PREPAREDNESS 
MAKES  BIG  FIRM  EXPAND 

Work  has  been  started  on  another  big- 
addition  to  the  plant  of  the  Electric 
Storage  Battery  Compan.v,  at  Nineteenth 
street  and  Allegheny  avenue,  Philadel- 
phia, which  already  is  one  of  the  largest 
of  the  kind  in  the  country.  A  logical 
home  demand  for  batteries  is  responsible 
for  a  decision  on  the  part  of  the  corpo- 
ration officials  to  purchase  the  entire 
block  extending  from  Eighteenth  to 
Nineteenth  streets  and  from  Westmore- 
land street  to  Allegheny  avenue.  Mr. 
Herbert  Lloyd,  president  and  general 
manager  of  the  Electric  Storage  Battery 
Company,  in  a  recent  interview  de- 
scribed the  projected  improvements  and 
enlargements  begun  by  the  corporation. 
"Tlie  Electric  Storage  Battery  Company 
in  191 1,  already  possessing  the  largest 
battery  manufacturing  plant  in  the  coun- 
try, anticipating  a  new  and  substantial 
outlet  for  its  product  due  to  conditions 
in  general  and  the  widespread  usage  of 
"Exide"  battery  for  automobile  starting 
and  lighting  in  particular,  erected  in  con- 
nection with  its  already  extensive  works 
a  large  six-story  concrete  building.  Here 
was  preparedness — but  not  preparedness 
enough.  We  had  visualized  tomorrow, 
'but  not  the  day  after.'  As  a  conse- 
quence, it  was  discovered  last  winter  that 
further  facilities  must  be  provided  im- 
mediately. The  result  of  this  is  another 
six-story  concrete  factory,  which  is  now 
under  way. 

"But  even  then  our  officials  were  not 
satisfied.  A  course  of  real  preparedness 
was  decided  upon,  a  preparedness  that 
should  secure  an  adequate  housing  and 
facilities  to  meet  the  further  demands  of 
progress.  Acting  immediately,  a  large 
tract  of  ground  was  purchased.  This 
tract  extends  from  Eighteenth  street  to 
Nineteenth  street,  and  from  Allegheny 
avenue,  a  distance  of  500  feet,  to  West- 
moreland street.  It  is  directly  opposite 
our  present  works — a  triangular  plot  pos- 
sessing the  advantage  of  having  on  its 
eastern  front,  545  feet  in  length,  the 
tracks  of  the  Reading  Railway.  For 
years  it  has  been  occupied  by  two  blocks 
of  residences.  These  houses  are  now 
being  rapidly  demolished,  and  as  soon  as 
the  ground  is  cleared  the  first  of  the  new 
buildings  will  be  erected,  so  that  manu- 
facturing on  the  new  site  can  be  started 
at  an  early  date." 


POLE  TOP  GIN 

The  pole  top  gin  was  especially  de- 
signed to  meet  certain  demands  in  the 
erection  of  steel  crossarms  now  used  so 
generally  on  wood-pole  transmission 
lines.  The  original  application  was  lim- 
ited to  this  small  field  of  construction, 
but  it  has  since  been  found  that  it  can  be 
used  on  all  line  work  where  weights  of 
any  kind  must  be  lifted  and  supported 
on  wood  poles,  and  it  is  meeting  with 
considerable  favor  from  linemen  in  all 
kinds  of  work.  It  has  been  found  useful 
in  handling  transformers  on  poles  either 
in  new  installations  or  in  replacements. 
As  an  aid  in  general  maintenance  work. 
it  means  a  saving  of  hours  of  labor  and 
time.  In  trouble  work,  especially  where 
time  is  such  an  important  factor,  it  can 
effect  such  a  shortening  of  an  outage  in 
the  case  where  transformers  break  down 
and  have  to  be  replaced,  as  to  warrant 
its  purchase  for  use  in  only  one  such 
trouble  case.  It  can  be  very  satisfac- 
torily used  in  replacement  of  poles,  as  it 
obviates  the  necessity  of  a  special  pole 


hoist  and  a  gang  of  pole  erectors.  This 
pole  gin,  pictured  in  the  accompanying 
cut,  has  just  been  placed  on  the  market 
by  the  Railway  &  Industrial  Engineering 
Companj'  of  Pittsburgh.  It  consists  of 
a  main  base  fitted  with  four  spurs  and  a 
chain  and  a  level  for  clamping  it  to  the 
pole.  Tackle  can  be  suspended  from  the 
arms  at  the  top.  To  attach  the  pole  gin 
the  lineman  jabs  the  lower  spurs  into  the 
pole,  then  the  top  of  the  channel  is 
thrust  towards  the  pole,  and  the  upper 
supports  sink  into  the  wood.  In  this  po- 
sition the  gin  will  "stay  put"  while  the 
handle  is  opened  and  the  chain  carried 
around  the  pole  and  linked  into  the 
catcli.  The  handle  is  then  closed,  caus- 
ing the  chain  to  bite  into  the  pole.  In  its 
closed  position  the  handle  is  self-locked. 
As  tlie  load  is  lifted,  the  lower  spurs  bite 
into  the  pole  further  and  become  firmly 
placed.  This  is  an  especially  attractive 
feature,  that  is,  the  simplicity  and  ease 
of  attachment  to  and  detachment  from 
the  pole  regardless  of  the  load  to  be 
carried.      As    designed,    the    present   gin 


can  safely  carry  a  load  of  jooo  pounds. 
This  capacity  is  ample,  therefore,  to  han- 
dle the  usual  loads  that  are  placed  on 
the  pole.  As  an  example,  a  25  k.v.a. 
transformer  weighs  1700  pounds  and  a 
10  kw  transformer  about  1000  pounds, 
both  of  which  weights  come  within  the 
capacity  of  the  present  design.  Steel 
crossarms,  weighing  from  40  to  120 
pounds,  of  course  are  very  easily  han- 
dled. In  various  other  classes  of  work 
where  it  is  customary  to  lash  a  rope  to 
the  top  of  the  pole  for  hoisting  purposes, 
this  gin  can  be  used  to  advantage  and 
economically.  In  its  original  applica- 
tion, where  a  new  transmission  line  was 
being  built  the  ground  man  was  able  to 
hoist  the  steel  crossarms  from  the 
ground  into  position  at  the  very  top  of 
the  pole,  while  the  lineman,  without  the 
usual  strenuous  effort  on  his  part,  bolted 
the  arm  into  place.  In  all  line  work  it 
will  relieve  the  lineman  of  heavy  lifting 
and  give  the  ground  man  more  work. 
This  results,  therefore,  in  a  greater 
efficiency  of  the  line  gang. 


THE  NORMA  COMPANY  OF 

AMERICA  TO  ERECT  A 

NEW  FACTORY 

The  Norma  Company  of  America, 
manufacturers  of  "Norma"  high-preci- 
sion, anti-friction  bearings,  announces 
through  its  president,  Mr.  W.  M.  Nones, 
the  purchase  of  a  ten-acre  factory  site 
at  Elmhurst,  on  the  outskirts  of  Long 
Island  City.  The  property  fronts  on 
Queens  boulevard  and  has  a  depth  of 
about  a  thousand  feet,  abutting  in  the 
rear  upon  the  main  line  of  the  Long 
Island  Railroad,  from  which  a  siding 
will  be  built  directly  into  the  plant.  The 
company  has,  in  five  years,  become 
prominently  identified  with  the  automo- 
bile industry  of  the  country.  Beginning 
as  importers  of  bearings,  the  merit  of  its 
product  gained  quick  recognition  among 
the  manufacturers  of  ball-bearing  auto- 
mobile accessories.  Today  "Norma" 
bearings  are  the  standards  in  most  of 
the  high-grade  magnetos,  lighting  gen- 
erators and  starting  motors  made  in 
America.  The  steadily  increasing  de- 
mand for  these  high-speed,  silent-run- 
ning bearings — soon  outstripping  import 
resources — forced  the  company  into  the 
manufacturing  field  and  has  necessitated 
repeated  enlargements  to  its  factory  fa- 
cilities. The  latest  move  is  made  in  re- 
sponse to  an  imperative  demand  for  a 
still  larger  immediate  output,  with  facili- 
ties for  extension  with  the  future  growth 
of  the  business.  The  plans  now  under 
way  provide  for  a  four-story  building, 
70  by  350  feet,  to  be  erected  immediately 
in  reinforced  concrete.  Every  modern 
improvement  will  be  embodied  looking 
toward  the  maximum  of  production  ef- 
ficiency. The  architects  for  the  new 
factory  are  Francisco  &  Jacobus,  of  New 
York  City.  The  location  was  determined 
upon,  not  alone  for  the  unsurpassed 
shipping  facilities  afforded,  but  also  for 
its  ready  access  to  the  labor  markets  and 
home  sections  grouped  around  Long 
Island  City — surface  and  subway  lines 
running  close  to  the  property  giving 
quick  communication  with  neighboring 
Long  Island  towns,  as  well  as  with  Man- 
hattan Island  via  the  Queensboro  Bridge. 


The  Ward  Leonard  Electric  Company, 
manufacturers  of  electric  controlling  de- 
vices, has  moved  into  its  new  building  at 
Mount  Vernon,  N.  Y.  The  increased  de- 
mand for  floor  space  and  labor  operators 
is  the  reason  for  changing.  The  Ward 
Leonard  Electric  Company  started  manu- 
facturing electric  controlling  devices  in 
Bridgeport,  Conn.,  in  1892.  After  two 
vears  in  Bridgeport,  and  three  years  in 
Hoboken,  N.  J.,  they  moved  to  Bronx- 
ville,  N.  \'.,  and  have  been  manufacturing 
in  Bronxville  since  1897,  or  for  the  past 
IQ  years.  Mount  Vernon  is  nearer  New 
York  than  Bronxville— as  a  matter  of 
fact,  the  new  Ward  Leonard  factory  is 
150  feet  from  the  New  Y'ork  city  limits. 


The  Richardson-Phenix  Company,  Mil- 
waukee, Wis.,  has  issued  its  Bulletin  No. 
5  on  oil  filters,  describing  a  complete 
line  of  filters  for  purifying  lubricating 
oil.  This  is  undoubtedly  the  most  com- 
plete oil  filter  catalogue  ever  issued 
and  describes  some  exceedingly  interest- 
ing large  filters  for  use  in  purifying  lu- 
bricating oil.  Remarkable  advances  have 
been  made  in  recent  years  in  oil  filtration, 
and  scientific  principles  are  seen  in  the 
small  as  well  as  the  large  filters.  Copies 
of  this  catalogue  may  be  had  by  address- 
ing the  company  at  Milwaukee,  Wis. 


26 


THE    ELECTRIC   JOURNAL 


I  THE  CURB  MflRKETl 


ESMERALDA  POWER  COMPANY 

No.  572  Bullitt  Building, 
PHILADELPHIA 

List  of  Machinery  for  sale  in  Power  Plant 
at  Millers,  Nevada 

3 — 14x28x30  Horizontal  Cross  Compound  Side 
Crank  Mcintosh  &  Seymour  Gridison  valve  en- 
gines, water  cooled  journals  mth  automatic  lubri- 
cations and  Richardson  oil  pumps  for  cylinder  lub- 
rication.    Electric  Governors. 

3 — 250  K.W.,  E.  M.  F.  2200  amperes  per  terminal 
65  phase,  alternations  3000.  speed  150,  cycle  25, 
generator,  serial  351260,  351261.  251239. 

with 
3 — D-C.  Exciters,  15  K.W.,  E.  M.  F.  125  amperes 
120.  Serial   Nos.  35S7I4.  36385.  355/13.  and  ne- 
cessary switchboards. 

I — 15x32x30  Mcintosh  &  Seymour  gridiron  valve 
engine,  water  cooled  journals  with  automatic  lub- 
rication and  Richardson  oil  pumps  and  cylinder 
lubrications.     Electric  governors. 
I — 300  K.W.  Generator,  E.  M.  F.  2200  amperes  per 
terminal.  65  phase,  alternations  3000.  speed  150, 
cycle  25,  Serial  No.  453830 
with 
I— D.  C.  Exciter,  225  K.W..  E.  M.  F,  125.  amperes 
180,  R.P.M.  450,  serial  No.  408932,  and  necessary 
switchboards. 

A  description  of  the  switchboards  in  the  plant  is 
as  follows : 

a  Exciter  panels  with  4  D.C.  Ammeters.  3  seals 
read  0-200  amps.,  i  seal  reads  0-250  amps..  Serial 
Nob.  28936.  28053.  29040.  58722. 

I  Volt  meter  seal  D  150  volts. 

4  Field  Rheostats. 

I  Plug  for  indicating  voltage  of  3  phase. 

4  Shunts  for  ammeters. 

4  Triple  Blade  duble  throw  knife  switches  50 
xmps.  for  controlling  fly  wheel  governor  motor. 

4  Generator  panels  with  4  ammeters,  3  scales, 
o-ioo  amps..  I  scale  0-120  amps..  Serial  Nos.  32278, 
33334.  33367.  58966. 

Synchronizing  plugs  and  lamps. 

Ground  indicating  plugs. 

a  Equalizing  bus  bars. 

4  Equalizing  sw^tches  200  amperes. 

4  Oil  switches. 
I  Total  load  panel  with  3  ammeters,  scale  0-400, 
Serial  Nos.  33336.  333317.  32292. 

1  Indicating  Wattmeter  scale  0-1600  E.W. 

2  Type  B  Oil  circuit  breakers. 

I  Distributing  panel  with  3  ammeters,  scales 
0-400,  Numbers  33346.  33322,  33321. 

I  Polyphase  Intergrating  Wattmeter  No.  314157. 
12  Potential  Transformers  2000  to  100  Volts. 
2  Series  Transformers  120  to  5  amperes. 
6  Series  Transformers  100  to  5  amperes. 
2  Series  Transformers  400  to  5  amperes. 
2   A.C.   volt  meters,   scale   0-3000  volts,   Nos. 
34197.  34198. 
4  Engine  Gauge  Boards  with  steam 


and 
low  pressure  ^auge.  (One  Board  on  each  engine 
and  in  good  condition.) 

S  Style  No.  30141  auto  starters — 5-15  H.P.,  400 
volts,  3000  alternations. 

4  Wheeler  Condensers  Nos.  4056.  405s.  4054,  436. 
£ach  containing  800  sq.  ft.  of  cooling  surface. 
4  Edwards  Patent  Air  Pumps,  01424,  01425,  01426, 
010459. 

4  Steam  Receivers. 

4  Horizontal  Automatic  Exhaust  Valves. 

2 — 8  inch  double  suction  Wheeler  Centrifugal 
pumps  for  direct  connection  to  40  H.P.  Motors. 

I  Steel  Hot  Well. 

I  Snow  Underwriters  Duplex  Piston  Pin  Pump 
14x7^4x12  No.  24359- 

I  Snow  Suplex  Piston  Steam  Pump  4)^x354^x4, 
Number  59261. 

4  Babcock  &  Wilcox  Steam  Boilers  with  super 
heaters,  each  containing  108  4  inch  tubes  16  ft. 
long.  2  36"  drums  y%"  thick  x  rS'  A%"  long. 
Brand  O.H.  Steel,  56000  lbs..  160  Jbs.  Pressure. 

I  3"  Gouber  feed  water  heater,  160  H.P.  Boiler, 
nominal  rating. 

I  66"  steel  stack  150  ft.  high. 

I  Barnard  water  cooling  tower.  No.  262,  made  by 
Wheel  Condenser  Company.     With  fan. 

We  also  have  for  sale  one  Motor  Generator  Set. 

I  Westinghouse  E.  Sc  M.  Co.  stvle  No.  421883 
Induction  Motor.  Type  "C"  75  H.P.  220  Volt. 
25  cycle  3  phase.  480  phase.  480  R.P.M.  This 
motor  is  on  the  same  base  and  shaft  with: 

I  Direct  current  so  K.W.  125  Volt,  480  R.  P.  M. 
S-421881  Generator. 

Note — The  motor  side  above  was  originally  25 
cycles.  It  is  rewound  to  60  cycles.  The  Gener- 
ator side  is  compuund  wound. 


Vacant.  Positions  Wanted, 
Agents  and  Salesmen  Wanted — 3  cents  a 
word — minimum.  I1.50  an  insertion — pay- 


able 


ladv 


For  Sale,  Wanted  and  all  undisplayed 
miscellaneous  ads — 3  cents  a  word — mini- 
mum, $1.50  an  insertion.  Proposals — J2.Q0 
an  inch. 

Advertisements  in  display  type  costs  at 
follows  for  single  insertions: 
1-16  page.  $  4  00  I  in.  single  col.,  J  3.00 
I-  8  page.  8.00  4  in.  single  col..  10.00 
I-  4  page.  16.00  8  in.  single  col.,  20.00 
Contract  rates  on  application 


FOR   SALE 


Proposals  for  the  purchase  of  loo-kw..  200-kw. 
400-kw.  Direct -connected  AC  Generators  offered 
for  sale  by  The  Panama  Canal. — Sealed  proposals 
will  be  received  at  the  office  of  the  Assistant  Pur- 
chasing Agent.  The  Panama  Canal.  24  State  Street, 
New  York  City,  until  2:00  P.  M.  July  17.  roi6.  at 
which  time  they  will  be  opened  in  public.  f<ir  pur- 
chasing the  above  mentioned  material.  Blanks  and 
general  information  relating  to  this  sale  may  be  ob- 
tained from  the  above  office. — R.  E.  Rutherford, 
Assistant  Purchasing  Agent. 


Engines  and  Generators 

For  sale,  two  1040  H.  P.  horizontal  cross  com- 
pound, heavy  duty,  mill  type  Buckeye  engines, 
24"x42"x36",  120  R.P.M.,  each  direct  connected 
to  500  Kw.,  250  volt.  Westinghouse  Type  "Q" 
generators.  Excellent  condition;  good  as  new. 
Now  in  operation.  If  interested,  write  for  full  in- 
formation and  prices.     Box  197.  Elyria,  Ohio. 


Save  100% 

We  offer  for  immediate  shipment :  500  Kw. 
capacity  Westinghouse  Parsons  turbo  alternator 
unit,  60  cycle.  2  or  3  phase.  440  volts,  complete 
with  engine  driven  Exciter  and  Condenser;  500  Kw. 
25  cycle,  3  phase,  440  volt  RF  type  alternator  for 
direct  connection  at  165  r.p.m. ;  300  h.p.  Smith  type 
E  Gas  Producer,  complete;  also  many  A-i  units  to 
fill  practically  any  requirement. 

Paul  Stewart  and  Co.       Cincinnati,  Ohio 


Meters,  Transformers  and  Cable 

Approximately  150  A.C,  60  cycle,  100  volt,  West- 
inghouse Type  OA  and  C  house  meters,  three  250.- 
000  watt  General  Electric  oil  cooled  transformers, 
and  six  miles  of  300,000  circular-mil  triple  braid 
weather  proof  cable.  Address  R.  C.  Trube.  Box 
62s,  Texas  City,  Texas. 


For  Sale 

One  100  K.  W.  500  volt.  275  R.  P.  M.  Burke 

Electric  Co.  Generator  and  One  60  K.  W  .110  volt, 

275  R.  P.  M.  Burke  Electric  Co.  Generator,  directly 

connected  by  flexible  couoHngs  to  Bruce  Macbeth 

ISO  H.  P.  Gas  Engine.     First  class  condition. 

Yoiu-s  very  truly. 

THE  VAN  DORN  IRON  WORKS  CO 

Cleveland,  Ohio 


WANTED 

Ai  Shop  Repair  Men — Also  have  position  for 
Shop  Foreman.  None  but  most  competent  need 
apply.  Our  work  is  rebuilding  of  motors  and  gen- 
erators, rewinding,  locating  motor  or  generator 
trouble  in  large  plants,  electric  welding  of  rotors, 
repairing  electric  systems  on  automobiles,  or  mag- 
netoes  for  boats,  tractors,  etc.  Apply  to  Weil  Elec- 
tric Works,  821-823  Perdido  St.,  New  Orleans,  La. 


Electrical  Engineering  graduate  wanted  as  in- 
structor by  prominent  educational  institution  in 
Greater  New  York;  at  least  two  years  experience 
required,  either  practical  or  teaching;  salary  $1,000 
to  $1,200  at  the  start,  depending  upon  qualifications; 
no  application  considered  unless  full  particulars  are 
given,  including  training  experience,  age  and  re- 
ligious affiliation.  Address  "Electrical  Engineer" 
Box  197  Flatiron  Bldg..  New  York. 


Kansas  City  Armature  Works 

Electrical    Machinery   Repaired  and  Commut 

a  tors    Rebuilt    Mining    and    Locomotive 

Armatures  Rewound  A.  C.  Windings 

ia','0  Hyandotte  Street 
KANSAS    CITY,    MO. 


FOR  SALE 


Engine  and  Generator 

One  75  Kw.  Crocker-Wheeler  1 10  Volt  Generator. 
direct  connected  to  Russell  Automatic  Engine.  265 
r.p.m.  Steam  Separator.  Lubricating  Device.  Switch 
Board  and  Instruments.  EXCELLENT  CONDI- 
TION.    A  BARGAIN! 


FOR  SALE 

1— 4S0  H.P.  Four  Cylinder  New  Method  Gas 
Engine,  200  R.P.M.  Direct  connected  by  coupling 
to  1 — 250  K.V.A.  3  Phase  Sixth  Cycles  2300  Volt 
revolving  field,  engine  type  Western  Electric  Gen- 
ator.  Bargain  Price  for  Quick  Purchase.  Du- 
quesne  Light  Company,  Pittsburgh,  Pa. 


Generator  and  Motors  For  Sale 

300  kw.,  type  M.P.,  class  6.  400  r.p.m.,  s  SO  v, 
compound  wound,  belted  G.E.  second  hand 
generator,  and  two  Northern  new.  20  hp.,  230  v., 
back  geared  motors,  normal  speed  1200  r.p.m.,  back 
shaft  speed  200  r.p.m.  K-W  Electric  Co.,  49 
LawTence  St.,  Newark.  N.  J. 


Electric  Transformers  For  Sale 

Three  new  Western  Electric  transformers.  13.200 
or  6600  to  440.  2200-1 100  or  sso — without  oil, 
$2,000.  A.  H.  Cox  &  Co..  309  First  Ave..  Seattle, 
Wash. 


Electric  Light  and  Water  Plant 
For  Sale 

Southern  Indiana  Town  of  2000,  gross  earnings 
about  $12,000,  one-half  cash,  balance  on  long  time 
at  6%.     Address  W.  E.  Daniels,  Worthington.  Ind. 


IN  TIMES  OF  STRESS 
USE 

IT-E 
CIRCUIT  BREAKERS 

THE  CUTTER  COMPANY 
Philadelphia,  Pa. 
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A  Comparison   ^"  '^'*  '^^"^  °^  ^^^  Journal  appears 
an   article  by   Mr.    George   P.   Roux, 
which  treats  of  the  relations  between 
Distribution      single-phase,     two-phase    and    three- 
Circuits  phase  circuits  in  a  manner  which  will 
be  readily  understood  even  by  those  who  are  not  familiar 
with  the  subject  of  alternating-current  theory. 

There  are  some  important  points,  however,  to  which 
the  author  has  not  called  particular  attention.  Although 
the  three-phase  system  has  a  marked  advantage  over  the 
single-phase  system  in  respect  to  distribution,  as  a  matter 
of  fact  it  has  but  little  advantage  in  the  matter  of  trans- 
mission. This  is  particularly  true  where  the  transmission 
system  is  grounded  at  the  neutral  point.  To  understand 
this,  reference  may  be  made  to  Mr.  Roux's  calculations 
on  the  three-phase  circuit.  In  these  calculations  he  as- 
sumes the  same  voltage  between  phases  for  the  three- 
phase  as  compared  with  the  single-phase  system,  whereas 
for  the  same  conditions  of  insulation  stress,  the  three- 
phase  voltage  should  be  86.6  percent  of  the  single-phase 
voltage.  Since  the  amount  of  copper  is  inversely  propor- 
tional to  the  square  of  the  voltage,  it  will  readily  be  seen 
that,  with  the  three-phase  voltage  reduced  to  86.6  per- 
cent of  the  value  used  in  the  article,  the  amount  of 
copper  in  each  case  is  the  same.  In  reality,  in  choosing 
the  same  voltage  for  the  three-phase  system  as  for  the 
single-phase  system,  the  author  has  chosen  for  the 
former  a  higher  effective  transmission  voltage  with  cor- 
respondingly higher  insulation  stresses. 

There  are  other  considerations  which  may  make  the 
single-phase  system  more  economical  in  transmission 
than  the  three-phase  system,  such  as  limitations  in  size 
of  conductors  on  account  of  corona  losses,  but  these  con- 
ditions obtain  only  at  the  higher  transmission  voltages. 
In  the  course  of  his  discussion  Mr.  Roux  makes  use 
of  the  polar  diagram  for  the  representation  of  poly- 
phase relations.  This  appears  to  be  a  convenient  method 
of  representing  the  currents  in  the  circuits,  but  the  ad- 
vantages may  be  outweighed  by  disadvantages  due  to 
incorrect  conceptions  which  are  apt  to  be  obtained.  The 
currents  in  the  circuits  are  not  vector  quantities  but,  as  in 
the  case  of  all  periodic  scalar  quantities,  they  may  each 
be  represented  by  two  equal  vectors  rotating  in  opposite 
directions  at  equal  angular  velocities.  Where  the  scalar 
is  a  simple  harmonic  time-variable,  the  locus  of  each 
vector  is  a  circle  having  its  center  coinciding  with  the 
center  of  rotation  of  the  vector.  Where  wave  forms 
other  than  simple  harmonic  are  to  be  depicted,  the  loci 
of  the  ends  of  the  vectors  may  be  any  other  form  of 
closed  curve.  In  the  vector  representation  of  alternating 
currents  the  clockwise  rotating  vector  is  ignored  and  the 
length  of  the  counter-clockwise  rotating  vector  is 
doubled,  so  that  the  projection  of  this  vector  on  the 


datum  line  gives  the  true  instantaneous  value  of  the 
periodic  scaler  quantity,  which  may  be  current  or  e.m.f. 
Thus  M\-.  Roux's  diagram,  if  read  from  the  point  of 
view  of  the  conventional  vector  diagram,  would  have  a 
different  meaning  from  that  which  he  intends. 

The  polar  diagram,  while  it  is  not  ordinarily  as  well 
adapted  for  the  representation  of  polyphase  relations, 
has  other  very  important  properties,  one  of  which  is  that 
it  may  be  used  to  represent  any  wave  form,  and  the  area 
of  the  figures  so  formed  will  be  proportional  to  the 
integral  of  the  squares  of  the  instantaneous  values  of  the 
quantity  represented.  Mr.  Roux's  paper  is  of  consider- 
able interest  and  will  prove  of  particular  value  to  those 
who  are  not  familiar  with  the  theory  of  alternating 
currents.  Charles  Fortescue 
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-,      ,  of  a  discovery  of  some  new  material 

Products         •    iu  .....  , 

IS  the  manner  m  which  it  opens  the 

way  for  derivative  inventions.  The  new  substance  can 
often  be  used  in  the  manufacture  of  many  materials  dif- 
fering widely  in  their  characteristics,  but  impossible  of 
manufacture  without  the  basic  substance.  The  present 
dye  situation  forms  a  striking  illustration  of  such  a  case. 
The  basic  coal  tar  products,  such  as  benzine,  toluene, 
etc.,  from  which  not  only  dyestuffs,  but  also  photo- 
graphic chemicals,  explosives  and  other  compounds  are 
manufactured,  were  discovered  and  are  still  manufac- 
tured to  a  large  extent  in  this  country,  whereas  their 
derivative  products  have  been  developed  and  manufac- 
tured almost  exclusively  abroad. 

A  typical  example  of  such  a  derived  product  is  illus- 
trated in  the  manufacture  of  noiseless  gears  from  sheets 
of  duck  or  other  suitable  fibrous  material  bonded  to- 
gether by  the  remarkable  synthetic  compound  of  phenol 
and  formaldehyde  known  as  bakelite.  This  material, 
described  in  this  issue  by  Messrs.  Lynch  and  Talley,  is 
dependent  for  its  very  existence  on  Dr.  Baekeland's  dis- 
covery ;  and  yet  its  characteristics  and  process  of  manu- 
facture are  entirely  new. 

Electrical  engineering  has  been  remarkable,  more 
than  any  other  branch  of  human  endeavor,  for  its  ex- 
tremely rapid  advancement.  Yet  a  study  of  its  history 
reveals  that  this  advancement  has  been  almost  wholly  by 
steady  growth,  by  refined  methods  of  design,  and  very 
seldom  by  the  application  of  entirely  new  principles. 
The  majority  of  the  forward  steps  have  been  of  a 
mechanical  or  chemical  rather  than  of  a  purely  elec- 
trical nature.  Hence  the  development  of  a  new  and  im- 
proved material  for  use  in  the  manufacture  of  gears  for 
use  in  the  industrial  application  of  electric  motors  may 
be  considered  as  a  distinct  step  in  the  general  advance- 
ment of  electrical  engineering.  Ch.\s.  R.  Riker 


Oil  Circuit  Breakers  and  Their  Application 


J.  B.  McNeill 

Switchboard  Engineering  Dept., 

Westinghouse  Electric  &  Mfg.  Company 


FOR  switching  large  amounts  of  alternating-current 
power  and  for  controlling  high-voltage  circuits 
the  oil  switch,  or  circuit  breaker,  is  the  most  relia- 
ble device,  and  is  indispensable  if  limitation  of  space  is 
a  factor.  This  device  confines  all  arcing  to  the  interior 
of  a  tank  full  of  insulating  oil,  thus  reducing  fire  and 
life  hazard.  The  arc  is  broken  by  inserting  a  barrier 
of  oil  between  the  contacts  as  they  open  when  the  volt- 
age has  dropped  approximately  to  zero,  which  is  the 
opportune  moment  for  circuit  opening. 

The   theory   of   the   oil   switch,   that   the   circuit   is 
opened  when  the  power  input  is  lowest,  stands  good 
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FIG.    I — MECH.\MICAI.    CONSTRUCTION    OF    TYPICAL    OIL 
CIRCUIT  BREAKER 

Showing  arrangement  of  parts, 
today  as  it  did  twenty  years  ago,  but  the  mechanical 
constructions  used  to  obtain  this  result  under  different 
conditions  are  very  numerous.  Perhaps  no  line  of  elec- 
trical apparatus  has  received  more  attention  from  oper- 
ating and  construction  men  than  the  oil  switch.  Ten 
years  ago  it  was  not  unusual  for  the  tanks  to  be  blown 
ofif  when  a  heavy  short-circuit  was  opened.  The  pres- 
ent tendency  is  to  make  oil  circuit  breakers  more  sturdy, 
so  that  they  can  operate  repeatedly  in  service  until  in- 
spection is  convenient,  and  can  open  a  circuit  several 
times  in  close  succession  withotit  undue  distress. 

In  the  last  few  years  the  introduction  of  outdoor 
substations  and  transformers  has  required  the  develop- 
ment of  weather-proof  oil  switches  and  circuit  breakers 
for  services  up  to  120000  volts,  which  are  in  every  way 
as  reliable  as  indoor  apparatus.    Up  to  15  000  volts  such 


circuit  breakers  are  usually  pole  mounting,  as  shown  in 
Fig.  2,  and  for  higher  voltages  are  either  floor  or  frame 
mounted,  as  shown  in  Fig.  3.  For  outdoor  apparatus 
the  design  must  contemplate  infrequency  of  inspection 
and  prevention  of  rust,  especially  in  bearings  and  mov- 
ing parts. 

For  handling  large  power  .'systems,  double  element 
circuit  breakers  have  been  successfully  used.  The  first 
element  cuts  a  suitable  reactance  or  resistance  into  series 
with  the  line  to  limit  the  current  and  the  second  element 
mechanically  interlocked  with  the  first,  then  opens  the 
circuit.  Present-day  practice,  however,  is  to  limit  the 
short-circuit  current  by  installing  permanent  feeder  and 


FIG.    2 — WEATHER-PROOF.     H  AXn-OPER;\TEl)     WESTINGHOUSE    OIL 
CIRCUIT   BREAKER 

Three-pole,  single-throw,  200  ampere,  4500  volt  automatic 
series  trip  type  with  inverse  time  element. 

generator  reactance.     This  scheme  gives  greater   sim- 
plicity of  circuit  breaker  construction. 

SAFETY  OF  OPER.^TORS 

Operators  are  now  demanding  fool-proof  features 
on  all  switching  apparatus.  Small  motor  starting 
switches,  etc..  are  made  conduit  connected,  with  all  live 
parts  enclosed.  One  operating  company  interlocks  the 
doors  of  the  circuit  breaker  structure  so  that  the  doors 
cannot  be  removed  except  when  the  circuit  breaker  and 
disconnecting  switches  are  open.  Another  company  has 
pilot  lamps  in  the  disconnect  structure  which  light 
through  a  signal  switch  actuated  by  the  opening  opera- 
tion of  the  oil  circuit  breaker.  Still  a  third  mechanically 
interlocks  the  oil  circuit  breaker  and  disconnecting 
switches  so  that  the  latter  cannot  be  either  opened  or 
closed  when  the  circuit  breaker  is  in.  To  secure  safety 
in  operation,  all  modern  designs  have  vertical  gravity 
opening,  thus  eliminating  the  possibility  of  a  switch 
accidentally  dropping  closed,  and  have  both  terminals 
insulated  from  the  tank,  as  shown  in  Fig.  4. 
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ELECTRICAL  QUALIFICATIONS  OF  A  GOOD  OIL 
CIRCUIT    BREAKER 

When  choosing  an  oil  circuit  breaker  for  a  given 
service,  terminal  insulation,  current-carrying  capacity 
and  k.v.a.  rupturing  capacity  should  be  considered. 

Insulation — The  present  A.I.E.E.  rules  call  for  a 
voltage  test  for  one  minute  of  two  and  one-quarter  times 
the  circuit-breaker  voltage  rating  plus  2000  volts  be- 
tween terminals  and  from  terminals  to  grotmd.  When 
one  considers  the  peak  voltages  which  may  arise  during 
lightning  discharges  and  switching  operations,  this  does 
not  seem  an  over  severe  test,  and  many  circuit  breakers 
will  stand  easily  three  times  rated  voltage  on  test.  For 
indoor  switches  the  test  is  made  dry,  and  for  outdoor 
switches  it  is  made  with  a  water  spray  played  on  the  ter- 
minals. On  high-tension  apparatus,  sharp  corners 
which  will  cause  static  discharges  are  to  be  avoided,  as 
the  static  depreciates  the  insulating  qualities  of  both  the 


FIG.    3 — ELECTRICiLLY-OPERATED,    I32OOO   VOLT.    THREE-POLE    OIL 
CIRCUIT   BREAKER 

For  outdoor  floor  mounting, 
terminal  and  the  surrounding  air.  The  fact  is  often 
overlooked  that  the  presence  in  the  air  between  termi- 
nals of  oil  gases  and  other  conducting  products  of  short- 
circuits  which  may  be  emitted  from  the  tank  may  cause 
destruction  of  the  switch,  even  though  the  actual  voltage 
be  only  a  fraction  of  the  guaranteed  test  voltage.  To 
illustrate,  suppose  a  pole  protecting  a  line  opens  when 
the  line  is  grounded,  the  circuit-breaker  pole  being  be- 
tween the  ground  and  source  of  power ;  as  soon  as  the 
switch  is  open,  full  voltage  exists  between  the  two  ter- 
minals of  the  pole  and  conducting  gases  may  cavise  a 
short-circuit  outside  the  tank  on  the  line  thus  left  unpro- 
tected. For  this  reason  it  is  recoinmended  that  all  ter- 
minals for  2200  volt  service  and  above  be  insulated. 
This   is  usually  done   with   tape,  but   micarta   or  fiber 


tubes  can  be  used  if  quick  assembly  and  removal  is  re- 
quired. 

INSULATING    MATERIALS 

Wood  is  now  seldom  used  under  oil,  as  it  develops 
bad  streaks  even  when  well  treated,  and  deposits  of  car- 
bonized oil  depreciate  the  surface.    Slate  or  soapstone  is 


FIG.   4 — CONTACT  DETAILS  OF   3OO  AMPERE,  44  COO  VOLT 
CIRCUIT  BREAKER 

With  butt  type  contacts  and  au.xiliary  arcing  contacts, 
used  only  on  voltages  up  to  approximately  600,  as  it  de- 
velops bad  streaks  the  same  as  wood  and,  in  addition,  is 
easily  broken  in  machining  and  in  service.  Up  to  25  000 
volts  porcelain  or  a  combination  of  porcelain  and 
micarta  gives  excellent  results  (Fig.  i),  while  for  higher 
voltages  the  condenser  type  of  terminal  (Fig.  4),  so 
largely  used  on  high-voltage  transformers,  and  which 
graduates  the  dielectric  stress  to  give  approximately 
equal  voltage  drops  across  each  layer,*  has  demon- 
strated its  superiority  over  all  other  types.  A  great  ad- 
vantage of  the  condenser  bushing  terminal  when  used 
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KIG,   5 — DETAILS   OF   FIXGER    TYPE   OF   CONT.\CT    MECHANISM 

on  circuit  breakers  is  that  it  permits  the  use  of  small 
single-turn  primary  bushing  type  transformers  for  trip- 
ping purposes.  These  can  be  wound  for  small  or  large 
primary  current  and  mounted  on  the  frame  of  the  circuit 
breaker  around  the  terminal,  but  at  ground  potential. 


*See  articles  by  Mr.  A,  B.  Reynders,  Vol.  VII,  p.  766,  and 
by  Messrs.  C.  Fortescue  and  J.  E.  Mateer,  Vol.  X.  p.  718. 
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CURRENT-CARRYING    CAPACITY 

The  oil  circuit  breaker  is  inherently  a  maximum 
rated  device,  for  usually  it  has  small  radiating  surface 
and  is  rated  at  the  current  of  rated  frequency  it  will 
carry  for  one  hour  or  more  without  exceeding  the 
A.I.E.E.  maximum  temperature  rise  of  30  degrees  C. 
from  a  room  temperature  of  25  degrees  C.  This  rating 
is  on  the  basis  that  the  enclosing  structure  is  properly 


FIG.  6 — DETAILS  OF  BUTT  TYPE  LAMINATED  BRUSH  CONTACT, 
WITH    AUXILIARY   ARCING   CONTACT 

Shown  in  dosed  position. 

ventilated  and  that  the  connections  leading  away  from 
the  terminals  shall  not  act  to  heat  the  circuit  breaker. 
Coils  permanently  connected,  as  no  voltage  and  overload 
coils,  are  allowed  50  degrees  C.  rise  from  a  room  tem- 
perature of  25  degrees  C,  assuming  good  ventilation  of 
the  enclosing  space.  More  than  rated  current  cannot  be 
carried  on  a  circuit  breaker  for  any  considerable  time, 
as  an  hour,  though  peaks  of  say  25  percent  overload  for 
five  minutes  per  hour  are  permissible  if  the  normal  cur- 
rent is  not  too  close  to  the  rating.  Money  can  often  be 
saved  by  noting  that  a  circuit  breaker  of  heavy  ampere 
capacity  will  carry  fully  one-third  more  on  25  cycles 
than  on  60  cycles. 

FORM    OF    CONTACTS 

For  low  ampere  capacity  a  plain  butt  type  contact  is 
good,  as  it  needs  no  attention  except  occasional  inspec- 
tion and  is  easily  renewable  when  worn  out  by  arcing. 
With  this  type  the  joint  drop  is  small  for  low  currents, 
and  liberally  proportioned  parts  conduct  the  heat  from 
the  joint.  For  high-voltage,  low-current  applications 
this  contact  can  be  supplemented  by  a  special  arcing  tip 
which  breaks  contact  after  the  main  tip.  Fig.  4,  and  by 
placing  the  contacts  at  angles  out  of  the  vertical  line  of 
travel  a  self-cleaning  wiping  action  is  obtained. 

For  moderate  current  capacities,  say  up  to  600 
amperes,  the  finger  form  of  contact  shown  in  Fig.  5  is 
much  used.  This  gives  a  wiping  action  on  the  wedge- 
shaped  moving  contact  and  a  positive  pressure  is  ex- 
erted by  a  spring.  A  positive  step  prevents  the  fingers 
from  coming  too  close  together  when  the  circuit  breaker 
is  open,  as  in  that  case  faulty  operation  might  occur  by 
the  moving  member  not  engaging  properly  in  the  fingers. 
The  chief  advantage  of  the  finger  contact  is  that  each 
individual  finger  seats  itself  properly  and  assumes  its 
share  of  the  load. 


For  heavy  currents  the  wound  laminated  butt  brush 
contact  shown  in  Fig.  6  has  demonstrated  its  superiority 
over  all  other  forms,  both  for  current  capacity  per  unit 
of  surface  and  for  efficient  wiping  and  self-cleaning  ac- 
tion. The  heavy  pressure  which  can  be  exerted  by  this 
brush  against  the  contact  foot  helps  accelerate  the  mov- 
ing contacts  when  the  circuit  breaker  latch  is  released. 

RUPTURING    CAPACITY 

Ability  to  open  the  circuit  promptly  under  all  condi- 
tions is  the  only  reason  for  the  existence  of  a  circuit 
breaker.  When  the  contacts  of  an  oil  circuit  breaker 
open,  bubbles  of  gas  caused  by  volatilized  oil  and 
metal  are  found  in  the  oil.  A  well-designed  circuit 
breaker  suppresses  the  arc  quickly,  provides  oil  of  a 
high  flash  point,  and  metal  or  other  arcing  tips  which 
volatilize  with  difficulty.  It  also  provides  for  withstand- 
ing the  pressure  caused  by  the  arc  gas  and  for  properly 
venting  this  gas  without  undue  discharge  of  oil  from 
the  tank.  Structurally,  the  opening  of  heavy  short-cir- 
cuits means  speed  in  operation,  strong  tank  construction 
and  large  head  and  volume  of  oil  above  the  contacts. 
The  rating  of  an  oil  is  necessarily  empirical  and  should 
be  reached  by  exhaustive  short-circuit  tests. 

Unfortunately  there  seems  to  be  some  difference  of 
opinion  as  to  the  basis  on  which  oil  circuit  breakers 
should  be  rated.  Most  publications  list  them  on  the 
basis  of  the  amount  of  synchronous  apparatus  connected 
to  the  system,  or  of  gen- 
erators connected.  When 
this  method  is  used  the 
rating  is  good  only  for 
one  assumed  case  of 
generator  reactance  and 
short-circuit  characteris- 
tic and  of  location  and 
method  of  operation  of 
the  circuit  breaker.* 
Generators  vary  widely 
as  to  the  maximum 
short-circuit  current 
which  they  will  produce, 
and  in  the  manner  in 
which  the  current  drops 
to  the  sustained  short- 
circuit  value.  Again,  ex- 
cept when  the  circuit 
breaker  is  right  at  the 
generator,  the  machine 
impedance,  which  is  vari- 
able during  the  first  few 
seconds  of  short-circuit, 
must  be  added  vectorially  to  the  impedance  of  lines, 
transformers,  converters  or  other  apparatus  up  to  the 
point  of  short-circuit,  in  determining  the  size  of  circuit 
breaker  to  be  used,  and  a  circuit  breaker  good  for  30  000 
k.v.a.  at  the  power  house  usually  is  much  too  large  for  a 


FIG.    7 — CONDENSER    TERMINALS 

— Terminal  unfinished,  b — In- 
door type,  complete  with  cas- 
ing, clamp  ring  and  static 
shield,  c — Outdoor  type  com- 
plete with  rain  shields  and 
clamp  ring. 


*See  article  on  "Breaking  Capacity  Rating  of  Oil  Circuit 
Breakers,"  by  Mr.  J.  N.  Mahoney,  in  the  Journal  for  Nov., 
1913,  p.  1103. 
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substation.  Also,  experts  are  not  in  accord  as  to  the 
exact  amount  of  power  a  circuit  breaker  rated  at  30  000 
k.v.a.,  for  instance,  is  supposed  to  open.  It  is  easily 
seen  then  that  the  calculation  of  the  size  of  circuit 
breaker  required  for  an  actual  case  through  the  medium 
of  ratings  based  on  an  assumed  case  is  not  easy. 

To  clear  up  this  difficulty  as  to  the  basis  of  oil  cir- 
cuit breaker  rating  the  Westinghouse  Company  has  ad- 
vocated a  rating  on  the  basis  of  ultimate  or  actual  arc 
k.v.a.,  or  the  product  of  the  current  during  the  first 
cycle  after  the  circuit  breaker  contacts  commence  to 
open  times  the  open-circuit  voltage  multiplied  by  \  j 
for  three-phase  circuits.  Any  calculation  of  current 
from  generator,  line  and  transformer  impedances  neces- 
sarily omits  the  factor  of  the  magnetic  energy  of  the 
line.  It  is  a  matter  of  experience,  however,  that  when 
the  line  on  which  the  short-circuit  occurs  is  in  parallel 
with  other  lines  of  a  system,  the  duty  on  the  breaker 
opening  the  short-circuit  is  lighter  than  when  the  line  is 
not  so  connected,  showing  that  in  such  case  the  line  mag- 
netic energy  is  not  expended  in  the  breaker  tank.  In 
some  applications  the  magnetic  energy  of  the  line,  how- 
ever, is  a  great  factor  in  determining  the  size  of  circuit 
breaker  required.  The  advantages  of  the  arc  k.v.a.  sys- 
tem of  oil  circuit  breaker  rating  are  that  it  gives  a  rating 
independent  of  the  sizes  of  characteristics  of  generators 
or  other  apparatus  and  independent  of  the  location  of 
the  circuit  breaker  in  the  system.  Due  to  increased 
current-limiting  effect  of  generator  and  line  imped- 
ances, circuit  breakers  can  be  safely  rated  up  when  used 
on  voltages  lower  than  their  rated  voltage,  and  in  mak- 
ing circuit-breaker  application,  manufacturers'  guaran- 
tees should  be  obtained  at  the  service  voltage  to  be  used. 

The  problem  of  choosing  a  circuit  breaker  of  suf- 
ficient rupturing  capacity  for  a  given  location  is.  then,  to 
determine  the  k.v.a.  that  can  be  delivered  on  short- 
circuit  through  the  circuit  breaker.  For  use  with  pres- 
ent rating  tables,  given  in  generator  capacity,  and  based 
on  standard  assumptions,*  divide  the  arc  k.v.a.  by  6.25 
before  using  the  tables. 

CALCULATION  OF  CIRCUIT  BREAKER  RATING 

Example  of  a  Simple  Line — Assume  a  three-phase 
feeder  of  No.  o  wire,  four  miles  long,  delivering  25 
cycles  power  at  7500  volts,  with  18  inches  between 
wires.  The  resistance  of  the  line  is  approximately 
2.1  ohms  per  wire.  The  reactance  on  25  cycles  with 
the  above  spacing  is  0.835  ohms.  The  impedance  is, 
therefore,  the  vector  sum  of  these  values  and  equals 
V  resistance^  +  reactance"  =  2.26  ohms.  This  is  as- 
sumed to  be  a  case  of  a  small  feeder  off  a  large  power 
system  where  a  short-circuit  on  the  feeder  would  not 
pull  down  the  system  voltage  appreciably.  If  the  short- 
circuit  were  on  all  phases  the  maximum  possible  current 
would  be : — 

volis  7500 


At  7500  volts  this  short-circuit  capacity  of  the  sys- 
tem amounts  to  24  781  ultimate  k.v.a.  which  the  breaker 
must  rupture  at  the  contacts.  Applying  the  reverse  of 
the  rule  for  determining  ultimate  k.v.a.  from  the 
catalog  rating,  this  figure  should  be  divided  by  6.25, 
giving  3965  k.v.a.  as  the  minimum  allowable  catalog 
rating  of  the  circuit  breaker  to  be  applied. 

Example  No.  2 — Assume  a  three-phase  transformer 
bank,  made  up  of  three  single-phase,  200  k.v.a.  trans- 
formers having  3.5  percent  reactance  and  rated  at 
1 1  000  volts  high-tension  and  2200  volts  low-tension, 
feeding  a  2200-volt  line  from  a  high-capacity  power  line. 
It  is  desired  to  determine  the  size  of  circuit  breaker  lo- 
cated on  the  feeder  just  beyond  the  transformer  bank 
that  will  handle,  when  operated  automatically,  a  short- 
circuit  on  the  feeder  just  beyond  the  circuit  breaker. 
Here  the  transformer  bank  is  the  limiting  feature.  The 
actual  power  that  can  pass  through  the  bank  is : — 

100  X    transformer  rating   in   k.z'.a.     _ 


X  .?  X  200  =  17  100  k.v.a. 


ohms  V3  2.26  X  Vj 


^  1910  amperes. 


*See  article  on   "Breaking  Capacity  Rating  of  Oil  Circuit 
Breakers,"  by  Mr.  J.  N.  Mahoney,  in  the  Journal  for  Nov.,  1913. 


percent  rcaetane 
100 
U 

The  breaking  capacity  required  is  therefore : — 
77  100 

-JIT  ^  '^^°  ''■■''■"• 

Example  No.  5 — Two  18  000  k.v.a.,  three-phase, 
8800  volt  generators  of  six  percent  reactance  have  a  bus 
section  from  which  a  22  000  volt  transformer  bank  of 
2000  k.v.a.  per  phase  and  three  percent  reactance  feeds 
out  to  a  circuit  breaker.  What  size  of  automatic  over- 
load instantaneous-trip  circuit  breaker  is  necessary  to 
break  a  short-circuit  on  this  feeder? 

As  the  transformers  in  this  problem  are  near  the 
generators,  the  capacity  of  any  other  synchronous  ap- 
paratus can  be  disregarded,  assuming  that  the  ca- 
pacity of  all  such  synchronous  apparatus  is  not  more 
than  that  of  these  generators  and  that  they  are  on  the 
line  side ;  but  the  combined  reactance  of  the  trans- 
formers and  generators  should  be  included  in  the  com- 
putations. As  the  reactances  given  are  at  dift'erent  ca- 
pacities, they  should  be  computed  to  terms  of  equiva- 
lent reactance  at  the  same  kilovolt-ampere  capacity. 
Thus  the  generators  (two  at  18000  k.v.a.  each)  have  a 
capacity  of  36000  k.v.a.  through  6  percent  reactance, 
and  the  three  2000  k.v.a.  transformers  through  3  per- 
cent reactance  have  an  equivalent  capacity  of  36000 
k.v.a.  through  18  percent  reactance.  The  total  reactance 
of  the  generator  and  transformers  (that  which  governs 
the  short-circuit  current  in  this  problem)  is  therefore  24 
percent,  with  a  total  capacity  of  36000  k.v.a. 

As  in  example  No.  2,  the  actual  power  that  can  pass 
through  the  circuit  breaker  upon  a  short-circuit  at  this 
point  is  therefore: 
100  X  36  000 

:=   /iO  000  k.v.a. 

24 
It  is  safe  to  assume  that  an  automatic  instantaneous 
circuit  breaker  will  trip  in  0.2  seconds  after  the  short- 
circuit.     The  voltage  of  a  six  percent  turbo-generator 
in  this  time  interval  will  drop  under  these  conditions  to 
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It  is  safe  to  assume  that  an  automatic  instantaneous 
circuit  breaker  will  trip  in  0.2  seconds  after  the  short- 
circuit.  The  voltage  of  a  six  percent  turbo-generator 
in  this  time  interval  will  drop  under  these  conditions  to 
approximately  70  percent  of  its  maximum  voltage. 
Therefore,  the  circuit  breaker  will  have  to  open  70  per- 
cent of  3940  amperes,  or  2688  amperes  per  line  at 
22000  volts,  or  16800  k.v.a.  breaking  capacity  rating 
at  the  voltage.  Before  choosing  a  circuit  breaker  it 
should  be  noted  that  the  voltage  necessary  is  22  000 
volts,  or  more,  and  the  ampere  capacity  must  be  at  least 

transformer  k.v.a.  capacity  X   1000       6000  X  1000 

= — =  =  =  /i7  amp. 

volts  X  V3  23  000  X  \  .? 

SIMPLIFIED  METHOD  OF  FIGURING  BRE.^KING  C.\PACITV 

Where  the  regulation  of  the  circuit  at  the  point 
where  the  circuit  breaker  is  to  be  installed  is  known  or 
can  be  accurately  computed  or  measured  (in  case  of  a 
system  already  installed)  the  following  formula  may 
be  used : — 
Appro.v.  short-circuit  current  = 

(roo  -j-  percent  regulation)    X  full-had  current 
percent  regulation 

When  the  percent  regulation  used  in  the  above  for- 
mula is  the  actual  regulation  at  the  point  at  which  the 


circuit  breaker  is  to  be  installed,  taking  into  account  the 
voltage  drop  in  the  generator,  all  transformers,  the  line 
and  all  other  apparatus  on  the  circuit  on  the  power  side 
of  the  breaker,  the  result  will  be  correct  for  that  whole 
system,  for: 

At  no-load  the  voltage  is  100  percent  plus  the  per- 
cent regulation.  Full-load  current  reduces  this  voltage 
by  the  amount  of  "regulation."  Twice  full-load  current 
reduces  it  by  twice  the  amount  of  '"regulation"  and  so 
on.  The  current  at  which  the  voltage  will  be  reduced  to 
zero,  that  is,  the  short-circuit  current,  will  there- 
fore be : — 

{Full-load  I'ollaije  +  regulation)    X   full-load  current 
regulation 

For  figuring  complex  parallel  circuits  it  is  best  to 
reduce  percentage  reactances  to  ohms  by  the  rule  (line 
volts  X  percent  reactance  =:  full-load  current  X  react- 
ance in  ohms),  as  this  method  admits  of  easy  mathe- 
matical solution. 

When  a  circuit  breaker  is  beyond  a  transformer 
whose  capacity  is  not  over  ten  percent  of  the  system  ca- 
pacity in  synchronous  apparatus,  it  is  safe  to  omit  all 
factors  except  transformer  reactance  in  figuring  short- 
circuit  current  throusrh  the  circuit  breaker. 


Bakelite  Micarta-D  Gears  and  Pinions 


T.  D.  Lynch  and  R.  E.  T.\i.i.ev 

Research  Engineering  Dept., 

\\'estinghouse  Electric  &  Mfg.  Company 


DURING  the  steady  march  of  modern  engineering 
towards  efificiency  in  all  lines,  a  greater  and 
greater  amount  of  attention  has  been  given  to 
the  losses  incident  to  the  transmission  of  power.  It  has 
not  been  until  recent  years,  however,  that  noise  has  come 
to  be  recognized  as  a  loss  of  power.  And  even  at  the 
present  time,  if  the  actual  energy  loss  due  to  the  produc- 
tion of  sound  itself  were  the  only  item  to  be  considered, 
it  is  doubtful  if  it  would  be  given  serious  consideration. 
Above  everything  else,  however,  noise  indicates  vibra- 
tion, which  is  the  greatest  of  all  destructive  agents,  and 
is  the  red  danger  signal  of  other  losses  that  must  be  con- 
sidered. The  direct  loss  of  energy  due  to  vibration  has 
not  been  given  much  attention  until  recent  times,  but  it 
is  a  factor  that  will  have  to  be  considered  carefully  as 
higher  and  still  higher  speeds  are  employed  for  the 
transmission  of  power. 

An  example  of  the  amount  of  energy  which  may  be 
expended  in  useless  vibration  is  frequently  found  in  a 
badly  worn  cream  separator.  Instances  have  been  noted 
where  one  of  these  machines,  which  could  normally  be 
run  by  a  small  boy,  could  not  be  brought  up  to  speed  by 
a  full-grown  man  on  account  of  the  vibration  of  the 
rapidly  revolving  bowl  at  its  critical  speed.  In  such  a 
case  the  direct  loss  of  energy  due  to  vibration  may  be  as 
much  as  90  percent.  Another  noise  loss  which  is  not 
fullv  recognized  is  the  lowered  efficiencv  of  men  who 


are  compelled  to  work  under  the  unpleasant  and  dis- 
tracting influence  of  objectionable  sounds. 

So  there  are  two  important  reasons  why  noise 
should  be  reduced  to  a  minimum : — first,  to  increase  the 
efficiency  of  men ;  and  second,  to  eliminate  the  wear  and 
tear  on  machinery  caused  by  the  vibrations  which  pro- 
duce the  noise. 

In  the  transmission  of  power  by  means  of  spur  or 
bevel  gears  the  impact  of  the  teeth  going  into  mesh  nec- 
essarily produces  a  noise.  The  volume  and  character  of 
the  noise  produced  depends  primarily  on  the  character 
of  the  material  from  which  the  gears  are  made.  Steel 
meshing  with  steel  at  high  speeds  produces  vibrations 
resulting  in  a  loud,  piercing  sound.  •  Brass  meshing  with 
steel  gives  a  less  piercing  sound  of  a  lower  pitch,  not 
nearly  so  objectionable  to  those  who  have  to  work 
nearby.  The  brass,  having  a  modulus  of  elasticity  less 
than  half  that  of  steel,  flexes  more  at  the  instant  of  im- 
pact and  thus  decreases  the  intensity  of  the  blow. 

A  non-metallic  material  meshing  with  steel  produces 
a  further  reduction  in  noise  due  to  the  very  low  modulus 
of  elasticity  of  this  material.  Non-metallic  material, 
however,  in  order  to  be  suitable  for  gears,  must  have  a 
mechanical  strength  sufficiently  high  to  withstand  the 
stresses  involved  without  increasing  the  width  of  the 
face  of  the  gear  to  abnormal  limits.  It  must  be  hard 
enough  to  wear  well  and  must  not  shrink  or  swell  from 
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oil  or  moisture  nor  deteriorate  in  storage.     The  teeth  sary  with  Micarta  gears ;  in  fact,  it  is  advisable  that  the 

of  a  gear  should  be  able  to  withstand  the  service  re-  width  of  face  of  these  gears  be  made  the  same  or  less 

quirements  without  metallic  reinforcement  of  their  ends,  than  the  mating  gears  in  order  to  insure  uniform  pres- 

so  that  the  two   mating  gears  can  be  made  of   equal  sure  over  the  entire  tooth.    Because  of  this  fact  Micarta 

width  of  face  in  order  to  obtain  uniform  wear  over  the  gears  are  used  in  many  special  applications  where  the 

entire  wearing  surfaces  of  both.  use  of  any  other  non-metallic  gear  would  be  imprac- 


FIG.    I — BAKELITE    MICARTA-li    TIMING    GEAR    FOR 
AUTOMOBILE   IGNITION 

Cut  from  solid  blank;  no  metal  end  plates  or  rivets  used. 
A  substance  which  meets  the  requirements  of  a  suc- 
cessful non-metallic  gear  material  has  recently  been 
developed  under  the  trade  name  "Bakelite  Micarta-D." 
It  is  a  product  of  heavy  duck  bonded  together  with 
Bakelite  by  heating  while  under  an  enormous  pres- 
sure. It  is  as  strong  as  cast  iron,  is  unaffected  by 
atmospheric  changes,  is  vermin-proof,  and  can  be 
stored  indefinitely  without  shrinkage  or  other  deteriora- 
tion. It  can  be  operated  in  oil  without  any  signs  of 
swelling.  It  is  self-supporting,  and  in  most  cases  neither 
bushings  nor  flanges  are  required.  Wherever  the  re- 
quirements are  unusually  severe,  or  where  the  diameter 
of  the  gear  is  several  times  the  width  of  the  face,  end 
plates  may  be  advisable,  but  even  in  these  cases  the 
teeth  need  not  be  shrouded  and  the  width  of  the  gear  is 
determined  only  by  the  power  to  be  transmitted.  In 
non-metallic  gears  formerly  used  in  which  the  teeth  are 
shrouded,  it  is  necessary  to  make  the  width  of  the  face 
of  the  non-metallic  material  equal  to  the  width  of  face 
of  the  mating  gear  plus  the  aggregate  end  play  of  both 


FIG.  2 — BAKELITE    .MICARTA-D   GEARS 

A — Speedometer   gear.      B — Helical   pinion.      C — Helical    auto- 
ignition  gear.     .\11  cut  from  solid  blocks  without 
metal  plates  or  rivets. 

shafts ;  otherwise  the  shrouds  will  mesh  and  the  gears 
will  be  noisy.  In  order  to  fulfill  this  condition  it  is  nec- 
essary to  specify  a  greater  width  than  would  be  neces- 
sary to  transmit  the  required  power.     This  is  unneces- 


FIO.    3 — BAKELITE    MICARTA-D    TIMI.NG    GEAR 

One-piece  metal  center,  uitli  micarta  face  of  the  same  width  as 
that  of  the  mating  gear. 

ticable,  such  as  a  two-inch  face  pinion  meshing  with  a 
seven-inch  face  flywheel,  etc. 

PHYSICAL    PROPERTIES 

The  following  physical  properties  of  Bakelite 
Micarta-D  have  been  determined  by  careful  tests : — 

I — Tensile  strength,  parallel  to  laminations — 10  000  lbs.  per 
square  inch. 

- — Compression  strength,  perpendicular  to  laminations — 
35  000  lbs.  per  square  inch. 

3 — Compression  strength,  parallel  to  laminations — 17  000 
lbs.  per  square  inch. 

4 — Transverse  strength,  maximum  fiber  stress  parallel  to 
laminations — 17  000  lbs.  per  square  inch. 

5 — Transverse  strength,  ma.ximum  liber  stress  perpendicular 
to  laminations — 17000  lbs.  per  square  inch. 

6 — Co-efficient  of  expansion  per  inch  per  degree  Centigrade 
— 0.00002  inch  in  the  direction  parallel  to  the  laminations  and 
0.000085  inch  in  the  direction  perpendicular  to  the  laminations. 

7 — Specific  gravity — 1.4. 

8 — Weight  per  cubic  inch — 0.05  lb. 

9 — Shrinkage  is  practically  zero  up  to  a  temperature  of  100 
degrees  C. 

10 — Oil  absorption — practically  zero. 

II — Water  absorption — 0.25  to  2  percent  by  weight,  depend- 
ing on  the  relative  amount  of  edge  surface  exposed  (with  50 
hours'  immersion  in  water  at  21  degrees  C. ) 


Metal 

Center 

Bakebte-Micvta 

Gear  Rim  _ 


FIG.    3 


FIG.    4 — DETAILS    OF    GEAR    SHOWN    IN 
M.\CHININ'G 

Bakelite  Micarta-D  machines  readily  and  takes  a 
good  polish.  It  machines  best  at  high  speed  and  with 
plenty  of  rake  to  the  tool.  It  can  be  machined  in  any 
direction  and  drills  and  taps  readily.     The  same  tools 
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are  used  as  for  steel  when  cutting  teeth,  but  an  increase 
in  cutting  speed  of  25  percent  and  an  increase  of  feed 
of  50  percent  may  be  used.  When  cutting  gear  teeth 
the  blank  should  be  supported  at  the  back  to  prevent  the 
fraying  of  the  edges  when  the  tool  comes  through.  For 
turning,  a  speed  of  400  to  500  feet  per  minute  with  a 
tool  having  a  30  degree  cutting  angle  and  10  degree 
clearance  will  be  found  very  satisfactory. 

DESIGN    OF   GEARS 

The  effective  thickness  of  Micarta  material  between 
the  root  of  the  tooth  and  the  bore  should  be  not  less 
than  the  depth  of  the  tooth.  At  present  Micarta-D  plate 
is  not  made  in  thicknesses  over  two  inches.  Hence 
when  gears  having  a  face  of  more  than  two  inches  are 
required  two  or  more  plates  must  be  riveted  together, 
using  metal  end  plates  or  standard  washers  under  the 
rivet  heads.  Metal  end  plates  made  of  free  cutting  steel 
should  be  used  for  gears  of  2.5  pitch  and  heavier  and 
for  finer  pitches  when  the  pitch  diameter  is  over  four 
times  the  width  of  the  face.     These  end  plates  should 


no..   5 — BAKELITE    MIC.^RTA-D    PINION 

Mounted  on  100  hp,  480  r.p.m.  induction  motor  connected  to  a 
high-pressure  pump. 

be  such  as  to  prevent  their  meshing  with  the  mating 
gear,  either  by  extra  width  of  Micarta  to  prevent  inter- 
ference ,or  by  turning  off  the  end  plates  to  the  roots  of 
the  teeth. 

Gears  may  be  keyed  to  the  shaft  in  the  usual  way 
when  the  ratio  of  the  pitch  diameter  to  the  width  of  the 
face  of  the  gear  is  four  or  less,  provided  the  length  of 
keyway  is  not  less  than  the  width  of  face.  However,  in 
some  cases  where  the  teeth  are  relatively  coarse  it  may 
be  necessary  to  reinforce  the  hub  with  metal  plates  or 
bushings  in  order  to  provide  strength  and  rigidity.  In 
fact,  the  thickness  of  the  end  plates  is  governed  almost 
entirely  by  the  torque  at  the  hub.  Where  the  torque  is 
light  the  chief  function  of  the  end  plates  is  to  serve  as 
washers,  and  in  such  cases  end  plates  one-eighth  to  one- 
quarter  inch  will  be  found  satisfactory.  Where  the 
torque  at  the  hub  is  heavy  the  end  plates  must  also 
serve  to  strengthen  the  keyway.     In  such  cases  the  end 


plate  should  be  one-quarter  to  three-eighths  inch  thick, 
and  in  extreme  cases  end  plates  should  be  in  the  form 
of  flanged  bushings. 

Automobile  timing  gears  can  usually  be  made  from 
solid  Micarta  plate.  In  case  it  is  necessary  to  have  a 
web  gear,  in  order  to  allow  for  clearance,  it  is  prefer- 
able to  use  a  metal  hub  and  web,  only  the  teeth  and  rim 
being  made  of  Micarta. 

Spur,  bevel,  spiral  and  helical  gears  can  be  made 
from    Rakelite    Mi.-arta-D.      They    should    be    used    in 


Fir..    6 — BAKELITE    MICARTA-D   INTERMEDIATE   GEAR 

Driven  hy  a  steel  pinion  on  a  lO  hp,  780  r.p.m.  induction  motor 

connected  to  a  vertical  boring  mill.     Metal  end 

plates  not  cut  back. 

mesh  with  metal  gears,  and  in  order  to  operate  satis- 
factorily both  gears  must  be  cut  true,  lined  up  ac- 
curately and  properly  spaced  between  centers.  The 
allowance  for  back  lash  should  be  about  double  the 
usual  allowance  for  steel. 

Lubrication  of  Micarta  gears  is  essential.  Any  good 
lubricating  oil  or  grease  will  be  satisfactory,  but  there 
should  be  plenty  of  it.    Rough  or  worn  teeth  of  mating 


FIG.   7 — BAKELITE    MICARTA-D   PINIOX 

Mounted    on    7.5    hp    induction    motor    driving    punch    press. 

Pinion  face  narrower  than  face  of  mating  gear;  metal 

end  plates  cut  below  root  of  tooth. 

gear  or  bad  alignment  will  cause  vibration  and  rapid 
wear. 

APPLICATIONS 

Bakelite  Micarta-D  gears  can,  in  general,  be  substi- 
tuted for  steel  (untreated),  cast  iron  or  bronze  gears  and 
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with  the  same  dimensions  as  the  metal  gears  which  they 
are  to  replace.  It  is  understood,  however,  that  the  maxi- 
mum fiber  stress,  with  proper  factor  of  safety,  must 
conform  to  the  physical  properties  previously  given.  If 
full  end  plates  are  used  the  Micarta  must  be  wide 
enough  to  allow  for  end  play ;  where  the  end  plates  do 
not  extend  beyond  the  root  of  the  teeth,  no  extra  width 
of  face  is  necessary. 

The  long  life   of    Micarta   gears   has   been   proven 
under  the  most  severe  service  conditions  and  in  a  large 


variety  of  applications,  such  as  timing  gears  for  auto- 
mobiles, main  driving  gears  for  punch  presses,  boring 
mills,  engine  lathes,  pressure  pumps,  crane  motors,  tex- 
tile machinery  and  general  machine  shop  service.  Ac- 
curate records  of  these  gears  have  shown  that,  when 
properly  applied  and  lubricated,  they  will  outlast  raw- 
hide or  other  non-metallic  materials  previously  used  for 
gears,  and  in  certain  classes  of  service  will  outlast  cast 
iron.  This  means  a  decrease  in  annual  cost,  together 
with  a  quiet  running  gear. 


Regenerative  Braking  with  Polyphase 
Induction  Motors 


H.   G.  JUNGK 

Railway  Engineering  Dept., 
Westinghouse  Electric  &  Mfg.  Company 


REGENERATIVE  braking  of  electrically-driven 
trains  has  given  desirable  results  in  railway 
work.  Especially  is  this  true  of  locomotives 
equipped  with  polyphase  induction  motors.  The  con- 
trol is  simple  and  no  additional  connections  are  neces- 
sary except  in  cases  where  a  voltage  adjustment  is  de- 
sirable. The  method  by  which  such  braking  is  accom- 
plished may  be  explained  as  follows : — • 

To  drive  a  locomotive  the  induction  motors  must 
furnish  a  turning  force,  which  must  balance  the  pull 
of  the  train,  and  also  the  frictional  losses  in  the  bear- 
ings and  driving  rods.  To  overcome  a  given  resisting 
torque  an  induction  motor  revolves  at  a  certain  speed. 
If  this  load  is  reduced  the  motor  speeds  up.  When  all 
the  load  is  removed  the  induction  motor  runs  at  nearly 
synchronous  speed,  the  internal  losses  and  friction  re- 
ducing the  speed  a  little.  Synchronous  speed  depends 
on  the  number  of  poles  and  frequency  ;  for  a  large  num- 
ber of  poles  this  speed  is  low,  and  for  a  small  number 
of  poles,  high ;  for  a  high  frequency  the  synchronous 
speed  is  high,  and  for  low  frequency,  low.  Mathemat- 
ically, the  synchronous  speed  in  r.p.m.  equals  120  times 
the  frequency  divided  by  the  number  of  poles. 

If  an  induction  motor  is  to  run  faster  than  its  no- 
load  speed,  a  turning  effort  foreign  to  the  machine  must 
be  applied,  and  tests  show  that  practically  as  much 
turning  power  must  be  applied  to  run  the  motor  a  given 
number  of  r.p.m.  above  synchronous  speed  as  the  force 
which  the  motor  will  overcome  when  running  as  a  motor 
at  the  same  number  of  r.p.m.  below  synchronous  speed. 
The  slight  difference  between  these  two  conditions  is 
due  to  the  internal  losses  of  the  motor.  When  running 
as  a  motor,  delivering  power,  the  motor  must  overcome 
its  own  internal  losses  and  friction ;  but  when  driven 
above  synchronous  speed  the  driving  force  must  over- 
come the  machine  friction  and  losses. 

When  voltage  is  applied  to  the  windings  a  current  is 
induced  which  sets  up  a  magnetic  field,  and  this  field 
travels  from  one  pole  to  the  next  and  on  to  the  third  at 


a  rate  of  one  pair  of  poles  for  each  cycle.  If,  for 
example,  the  motor  has  eight  poles,  it  will  take  the  mag- 
netic field  four  cycles  to  go  completely  around  the 
motor.  At  25  cycles  per  second,  or  1500  cycles  per 
minute,  the  magnetizing  field  will  travel  completely 
around  the  machine  375  times  in  a  minute,  or  will  make 
375  r.p.m.;  while  if  the  motor  has  four  poles  at  25 
cycles  per  second,  the  field  will  rotate  at  750  r.p.m.  This 
is  the  synchronous  speed.  The  primary  can  be  consid- 
ered as  a  rotating  magnet  with  a  north  and  a  south  pole 
revolving  on  the  shaft  at  375  r.p.m.  If  the  rotor  wind- 
ing is  closed  on  itself,  either  short-circuited  or  through 
the  rheostats,  and  is  standing  still,  the  magnetic  field  in 
rotating  will  cut  these  conductors,  setting  up  a  voltage 
therein,  which  induces  a  current  in  each  rotor  circuit, 
and  these  currents  create  a  magnetic  field  in  the  rotor  to 
oppose  the  motion  of  the  rotating  primary  or  main 
magnetic  field.  Obviously,  the  less  resistance  there  is  in 
the  motor  circuit,  the  more  current  will  flow  for  a  given 
induced  rotor  voltage,  and  the  greater  the  rotor  flux 
will  have  to  be  to  oppose  the  magnetic  field.  This  op- 
posing rotor  flux,  or  field,  tends  to  move  the  coils  along 
with  the  main  rotating  field  so  as  not  to  be  cut  by  it,  and 
results  in  causing  the  rotor  to  revolve.  The  greater  the 
rotor  flux,  the  more  the  rotor  will  tend  to  revolve,  be- 
cause the  turning  force  is  thereby  increased.  Then,  as 
the  rotor  coils  speed  up  in  the  same  direction  as  the 
rotating  magnetic  field,  the  conductors  are  being  cut  by 
the  flux  less  rapidly  until  at  the  time  when  the  rotor 
turns  as  fast  as  the  rotating  magnetic  field,  and  in  the 
same  direction,  there  will  be  no  voltage  induced  in  the 
secondary  windings.  For  this  condition  the  rotor  must 
run  at  synchronous  speed.  However,  the  friction  and 
losses  in  the  machine  hold  down  the  speed  of  the  motor 
slightly,  so  that  some  current  must  flow  in  the  rotor 
coils  to  set  up  enough  field  in  opposition  to  the  main 
rotating  field  to  drag  the  rotor  along  against  these 
losses,  overcoming  them.  Then,  too,  with  resistance  and 
reactance  in  circuit,  enough  voltage  must  be  generated 
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to  force  the  required  current  through  the  wires,  making 
it  necessary  that  the  rotor  run  at  sHghtly  lower  speed 
than  the  rotating  magnetic  field. 

If  a  train  is  pulled  by  induction  motors  there  will  be 
a  speed  at  which  the  force  of  the  rotor  flux,  opposing  the 
magnetizing  flux,  is  just  great  enough  to  balance  the 
losses  in  the  motors  and  the  force  required  to  pull  the 
train.  Again,  if  some  of  the  cars  are  uncoupled,  the 
motor  will  have  less  work  to  do  and  will  speed  up  a 
little.  Railway  induction  motors  are  so  designed  that 
when  running  with  the  rotors  short-circuited  a  small 
change  in  speed  makes  a  big  change  in  the  opposing 
rotor  flux.  When  the  train  starts  downhill  the  force  of 
gravity  will  move  the  train  ahead  by  its  own  weight, 
and  will  reduce  the  force  required  from  the  motors,  the 
speed  increasing  until  the  motor  runs  free  at  synchron- 
ous speed.  Beyond  that  point  the  train  tends  to  drive 
the  rotor  faster  than  the  rotating  field.  \\'hen  this 
occurs  the  rotor  conductors  are  again  cutting  the  rotat- 
ing magnetic  field,  since  they  are  revolving  faster  than 

Regenerating  Motohng 


Percent  Fu]l  Load  Torque 
Braking  Torque  Motoring  Torque 

FIG.    I — RAILW.W    INDUCTION    MOTOR    CH.\R.A.CTERISTICS 

A — Rotor   short-circuited 

B — Rheostat  resistance  =  3  X  rotor  resistance 

C — Rheostat  resistance  =  9  X  rotor  resistance 

D — Rheostat  resistance  =  19  X  rotor  resistance 

E — Rheostat  resistance  =  29  X  rotor  resistance 

synchronous  speed.  The  rotor  flux  set  up  opposes  this 
tendency  and  tends  to  bring  the  rotor  speed  back  to  that 
of  the  magnetic  field  and,  in  so  doing,  resists  the  force 
of  gravity  acting  to  run  the  train  downhill.  The  faster 
the  train  moves,  the  more  resisting  force  the  motor 
exerts  until  its  opposing  force  equals  that  of  the  train, 
then  the  speed  becomes  constant. 

As  stated  above,  if  for  a  given  speed  the  resistance 
in  the  rotor  circuits  is  high,  less  current  will  flow  in  the 
windings  than  when  the  coils  are  short-circuited.  So  in 
motoring,  to  get  a  large  torque  or  turning  eft'ort  at  a 
low  speed,  such  as  starting,  resistance  is  inserted  in  the 
rotor  circuits  by  means  of  a  rheostat,  for  the  slip  or 
difi'erence  in  speed  between  that  of  the  rotating  mag- 
netic field  and  that  of  the  rotor  must  be  consider- 
able so  as  to  generate  enough  voltage  in  the  rotor 
circuits  to  force  the  reqtiired  current  through  the  wind- 
ings and  resistance  inserted  thei'ein.     Then  to  force  a 


given  current  through  the  windings,  a  higher  voltage 
must  be  induced  to  overcome  the  resistance  of  the  cir- 
cuits ;  and  to  induce  a  higher  voltage  the  dift'erence  in 
speed  between  the  rotating  magnetic  field  and  the  rotor 
must  be  greater.  As  the  motor  speeds  up,  requiring 
less  turning  force,  this  resistance  is  cut  out.  Similarly, 
in  regenerating  or  braking  a  train,  in  order  to  allow  the 
train  to  speed  up,  resistance  is  put  in  the  circuit.  This  is 
also  done  to  "catch"  the  train  at  high  speed ;  then  its 
speed  is  brought  down  nearer  to  synchronous  speed  by 
cutting  out  resistance.  This  gives  a  large  torque  at  all 
the  speeds  from  the  highest  down  to  synchronous  speed. 

In  Fig.  I  the  relations  of  speed  to  torque  are  shown 
by  curves,  the  full  lines  showing  the  working  range  of 
each  cur\-e.  Curve  A  is  that  of  the  speed  for  a  rail- 
way induction  motor  in  which  the  rotor  is  short-cir- 
cuited. Here  a  small  change  in  speed  brings  about  a 
large  change  in  the  torque  of  the  motor,  and  likewise  the 
same  condition  obtains  in  regenerating.  It  will  be  noted 
that  in  regenerating  the  maximum  or  pull-out  torque  is 
about  120  percent  of  the  maximum  or  pull-out  torque  in 
motoring,  dtie  to  losses  in  this  motor.  Curves  B,  C,  D 
and  E  show  the  effect  of  bringing  the  resistance  of  the 
rheostats  into  the  rotor  circuits.  The  rotor  must  run  at  a 
relatively  low  speed  to  get  maximum  torque  on  curve  B. 
while  on  curve  C  the  maximum  torque  occurs  when  the 
motor  is  standing  still.  However,  if  this  value  of  resist- 
ance were  used  the  wheels  would  slip,  because  the  torque 
is  greater  than  the  adhesion  of  the  wheels  to  the  track 
will  take  care  of. 

Curve  £  is  the  best  one  for  starting,  for  with  this 
value  of  resi.stance  in  the  rheostats  the  greatest  possible 
torque  is  obtained  just  at  start  and  is  gradually  reduced 
as  the  motor  speeds  up.  By  cutting  out  some  of  the 
resistance  the  torque  curve  changes  to  D,  C,  B  and  A, 
respectively,  and  the  motor  gives  greater  torque  at  the 
higher  speeds  until  the  rotor  is  short-circuited.  Then 
as  the  force  of  gravity  on  the  train  going  down  grade 
tends  to  run  the  motor  faster  than  synchronism,  the 
torque  increases  in  the  opposite  direction,  and  tends  to 
hold  the  speed  down.  In  regenerating,  as  resistance  is 
cut  out,  the  resisting  torque  of  the  motor  is  reduced  for 
the  speeds  just  above  synchronism,  and  the  train  runs 
faster  until  the  resisting  motor  torque  and  the  eft'ect  of 
gravity  balance,  so  that  any  train  velocity  above  syn- 
chronism may  be  obtained  by  manipulating  the  resist- 
ance in  the  rotor  circuits. 

From  the  foregoing  it  is  evident  that  a  motor  cannot 
regenerate  below  synchronous  speed.  However,  on  two- 
speed  motors,  running  speeds  can  be  maintained  on 
down  grades  at  slightly  above  each  of  the  synchronous 
speeds,  thus  providing  a  slower  speed  for  heavy  trains 
and  a  faster  speed  for  passenger  or  light  freight  trains. 

Some  of  the  unique  features  of  regeneration  with 
polyphase  induction  motors  which  cannot  be  obtained  by 
steam  locomotives : — 

I — .\  constant  train  velocity  up  or  down  grade  without 
change  of  motor  connections. 

2 — Wv  brakes  are  required  only  to  stop  or  hold  the  train. 

3 — Power  developed  by  a  train  on  a  down  grade  helps  haul 
other  trains. 


The  Cost  of  Generating  Power' 


H.  G.  Stott 

Superintendent  of  Motive  Power, 

Interborough  Rapid  Transit  Company 


THE  subject  of  power  generation  is  a  very  broad 
one,  which  must  be  studied  from  both  the  financial 
and  economical  viewpoint.  In  any  power  genera- 
tion problem  the  cost  of  power  is  made  up  of  two  main 
items,  fixed  charges  and  operating  charges,  which  in 
many  steam  plants  are  very  nearly  equal.  Fixed  charges 
are  made  up  of  interest  on  capital,  amortization  of  cap- 
ital, functional  depreciation,  taxes  and  a  portion  of  ad- 
ministration expenses  or  running  expenses  chargeable 
to  the  cost  of  power.  Operation  and  maintenance  costs 
include  all  costs  of  operating  the  plant  and  maintaining 
it  at  normal  efficiency. 

Unfortunately  the  element  of  fixed  charges  is  often 
neglected    or    ignored    in    computing    and    comparing 
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I-IG.    I — TYPICAL   D.\ILY   R.\ILWAY    LOAD   CURVE 

power  costs.  When  you  operate  a  trolley  car  you  do 
not  simply  include  the  platform  labor  and  the  main- 
tenance of  the  roadbed,  track,  etc.,  but  you  have  to  go 
back  and  see  what  the  money  costs  you.  You  have  to 
buy  money  just  as  you  buy  cable  or  anything  else.  You 
cannot  get  money  for  nothing :  no  one  will  lend  money 
without  expecting  interest  on  it. 

WHAT  C.\PITAL  WILL  COST 

The  first  item  to  be  determined  in  fixed  charges  is 
what  the  money  will  cost  you,  considering  interest  and 
providing  for  the  return  of  the  money  to  the  one  you 
borrowed  it  from.  The  latter  is  called  an  amortization 
charge  and  is  usually  included  in  with  interest,  resulting 
in  a  total  cost  for  the  money  of  about  six  percent. 
Taxes  form  a  larger  percentage  of  the  total  cost  of 
power  than  is  often  realized,  amounting  to  something 
like  3.5  percent  on  the  total  investment,  varying  from 
two  to  five  percent.     By  the  time  you  have  included  all 


the  items  in  fixed  charges  you  will  find  that  it  will  cost 
you  not  less  than  10,  and  probably  12  percent  or  iriore, 
for  the  money  you  have  invested. 

In  hydraulic  plants  the  condition  is  quite  different, 
for  the  operating  charges  are  so  small  as  to  be  negligible, 
while  the  fixed  charges  are  usually  high. 

The  curves  given  in  this  article  will  serve  to  illus- 
trate many  points  regarding  the  cost  of  power.  Thus  a 
typical  daily  load  curve  of  a  large  railway  is  shown  in 
Fig.  I,  the  lower  curve  being  typical  of  summer  condi- 
tions and  the  upper  curve  for  winter,  when  the  extra 
power  required  for  electric  heating  and  the  heavier 
schedule  result   in  a  greater  power  demand.     In   this 
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♦Revised  from  an  address  before  the  Connecticut  Com- 
pany Section  of  the  American  Electric  Railway  Association,  and 
published  in  AERA  for  June.  1916. 


FIG.   2 — TYPIC.A.L    SUMMER   AND    WINTER   CURVES 

Showing  average  cost  of  power,  steam  and  hydraulic  plant, 
particular  case  the  heating  amounts  to  20  percent  of  the 
load  schedule. 

Assuming  a  given  daily  cost  of  power  as  in  Fig.  i, 
a  comparison  is  given  in  Fig.  2  of  the  cost  of  power 
derived  in  varying  proportions  from  a  steam  and  from 
an  hydraulic  plant.  It  may  be  seen  that,  under  the 
typical  conditions  assumed,  there  is  a  certain  combina- 
tion of  steam  and  hydraulic  service  that  will  result  in 
the  lowest  power  costs.  For  railway  work  it  is  almost 
invariably  found  tliat  such  a  combination  results  in 
lower  costs  than  power  from  either  a  straight  steam  or 
hydraulic  plant. 

In  Figs.  3  and  4  summer  and  winter  load  conditions 
have  been  analyzed  to  show  the  hourly  cost  of  power 
for  each  hour  of  the  day,  for  a  number  of  combinations 
of  steam  and  hydraulic  power  supply.  It  will  be  seen 
that  the  ctirve  of  cost  of  power  goes  up  as  the  load  goes 
down;  that  is  to  say,  if  we  analyzed  the  cost  of  power 
for  twenty-four  hours  we  would  find  that  it  reaches  a 
maximum  during  the  small  hours  of  the  night.    The  dif- 
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ference  between  the  cost  at  3  A.  M.  and  9  A.  M.  is  very 
marked.  The  first  or  A  curve  is  all  hydro-electric 
power,  and  shows  how  the  cost  goes  up  enormously  at 
certain  hours  in  the  night,  which  indicates  that  you  can- 
not afford  to  run  an  hydraulic  plant  on  light  loads.  The 
B  curve  shows  the  cost  with  75  percent  hydro-electric 
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FIG.  3 — COST  OF   POWER   DURING   DAY — SUMMER   I.O.\D 

A — 100  percent  hydraulic —    o  percent  steam. 

5 —  75  percent  hydraulic —  25  percent  steam. 

C —  50  percent  hydraulic —  50  percent  steam. 

D —  25  percent  hydraulic — ■  75  percent  steam. 

£ —    o  percent  hydraulic — 100  percent  steam. 

power,  and  25  percent  power  from  a  steam  plant,  the 
curve  C  being  50-50,  and  D  represents  all  steam  power. 

FIXED  CHARGES  AND  COST  OF  LIGHT  LOADS 

The  variations  in  the  cost  of  power  with  load 
factor,  of  one  plant  costing  $60  per  kilowatt  and  one 
costing  $80  per  kilowatt,  are  shown  in  Fig.  5,  the  lower 
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FIG.    4 — COST   OF    POWER   DURING   DAY — WINTER   LOAD 

A — 100  percent  hydraulic —    o  percent  steam. 

B —  75  percent  hydraulic —  25  percent  steam. 

C —  SO  percent  hydraulic —  50  percent  steam. 

D —  25  percent  hydraulic —  75  percent  steam. 

E —    o  percent  hydraulic — 100  percent  steam. 

curves  plotted  below  the  zero  line  being  the  operating 
and  maintenance  costs.  The  first  curves  above  the  zero 
line  show  how  important  fixed  charges  or  investment 


costs  become  at  light  loads.  As  the  load  factor  increases 
the  fixed  charges  become  less  and  there  is  also  a  de- 
crease in  operation  and  maintenance  cost.  At  any  load 
factor  the  total  cost  of  power  can  be  obtained  by  add- 
ing the  two  ordinate?,  as  represented  by  the  upper  curves 
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FIG.   5 — VARIATIONS   IN   COST   OF   POWER   WITH    LOAD   FACTOR 

above  zero  line.  This  shows  how  important  it  is  in  any 
plant  to  build  up  the  load  factor. 

Referring  to  the  upper  $8o  per  kw  curve  it  will  be 
seen  that  at  50  percent  load  factor  the  total  cost  of 
power  is  about  one-half  of  what  it  is  at  20  percent  load 
factor. 

Typical  load  curves  for  the  $60  and  $80  per  kw 
plants  are  given  in  Fig.  6,  operating  at  45  and  25  percent 
load  factor,  respectively,  the  idea  being  to  illustrate  what 
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FIG.   6 — COMBINED   LOAD   CURVE  FOR  LARGE  AND   SMALL   STATION 

Plant  A — $60  per  kw,  45  percent  load  factor. 
Plant  B — $80  per  kw,  25  percent  load  factor. 

would  happen  when  the  smaller  load  is  added  to  the 
large  one.  Suppose  you  had  a  small  direct-current  sta- 
tion and  shut  it  down  and  took  the  load  on  to  another 
plant  which  already  had  a  fairly  large  load.  That  intro- 
duces  another    factor,    sometimes   called   the    diversity 
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factor,  but  I  do  not  think  that  describes  it  very  well. 
"Time  differential"  is  a  little  better  description.  It  is 
simply  this,  if  you  can  find  a  load  to  add  on  to  your 
other  load,  whose  peak  load  or  high  point  does  not  come 
at  the  same  time  as  your  other  load,  then  you  can  carry 
the  second  load  with  advantage  without  adding  much  to 
the  capacity  of  your  plant ;  in  other  words,  the  fixed 
charges  will  not  be  increased  by  adding  the  load  in  the 
valleys  as  long  as  you  do  not  add  it  to  the  higher  peak. 
The  difference  between  the  broken  line  and  combined 
curve  at  the  peak  represents  the  time  differential,  and 
5000  kilowatts  in  total  capacity  of  the  plant  would  be 
saved  by  having  this  small  load  added ;  in  other  words, 
if  you  have  a  5000  kilowatt  plant  in  one  place,  and  a 
50  000  kilowatt  plant  in  another  place,  and  could  take 
the  small  load  and  add  it  to  the  large  load,  without 
making  the  peak  55  000  kilowatts,  it  would  pay  you  to 
shut  down  the  small  plant. 

TYPICAL   FIRST   COSTS 

The  average  installation  of  hydro-electric  plants  at 
the  present  time  in  first  cost  will  amount  to  not  less 
than  $150  per  kilowatt  of  capacity.  You  can  put  up  a 
first-class  steam  plant  today,  depending  on  the  size, 
varying  from  about  $55  to  $75  per  kilowatt  capacity. 
That  is  considerably  less  than  half  of  the  hydro-electric 
plant.  If  you  have  to  build  a  big  dam  to  give  you  large 
storage  of  water,  then  the  hydro-electric  plant  may  run 
from  $200  to  $250  per  kilowatt  of  capacity.  The  other 
difficulty  with  the  hydro-electric  plant  is  that  there  are 
usually  certain  dry  seasons,  one  or  two  months  in  the 
summer,  or  maybe  in  the  early  fall,  when  your  hydro- 
electric power  will  be  cut  down  largely,  so  that  now  it  is 
becoming  pretty  well  recognized  that  as  an  investment 
the  hydro-electric  proposition  must  be  considered  very 
carefully.  The  reason  for  this  is  the  uncertainty  of 
water  supply,  unless  you  go  to  enormous  expense  for 
dams  and  storage.  These  questions  exist  even  in  such 
water  supplies  as  furnished  by  the  Niagara  river. 

The  writer  came  in  contact  with  a  case  some  months 
ago  in  a  consulting  capacity  where  a  large  company  not 
very  far  from  Niagara  Falls  was  confronted  by  two 
conditions ;  first  of  all,  they  were  not  allowed  to  get  any 
more  power  from  the  Falls.  The  governments  of  the 
United  States  and  Canada  had  established  a  certain 
maximum  number  of  cubic  feet  per  second  which  they 
will  allow  to  be  diverted  from  the  Falls.  They  have 
now  reached  that  point.  The  business  of  this  company 
kept  on  growing  at  a  very  rapid  rate,  and  the  question 
was, — What  is  the  best  thing  to  do?  After  making  a 
thorough  investigation  of  the  shape  of  the  load  curve, 
and  an  analysis  of  the  whole  situation,  and  taking  into 
consideration  what  power  is  costing  them  now,  it  devel- 
oped that  they  could  afford  to  put  in  a  large  steam  plant 
of  their  own  and  make  power  at  least  as  cheaply 
as  they  could  buy  it  at  Niagara  Falls.  That,  of  course, 
is  conditioned  on  the  load  factor;  that  is  to  say,  if  the 
load  was  going  to  last  more  than  twelve  hours  a  day  the 
hydro-electric  power  would  be  the  cheaper.    If  the  load 


lasted  less  than  twelve  hours  a  day,  the  steam  power 
would  be  the  cheaper.  The  result  of  the  investigation 
is  that  this  company  is  now  building  a  plant  which  will 
cost  $4  000  000,  so  as  to  make  the  greater  part  of  their 
own  power. 

If  such  a  condition  exists  at  Niagara  Falls,  where 
they  have  ideal  conditions,  you  can  imagine  what  would 
exist  at  the  average  water  power  plant,  which  runs  dry 
half  the  time.  There  has  never  been  known  to  be  a  lack 
of  supply  of  water  at  Niagara  Falls. 

When  we  talk  of  cheap  hydro-electric  power,  there 
is  a  string  attached  to  it.  It  is  cheap,  of  course,  when 
you  consider  the  cost  of  running  the  water  power,  when 
you  get  it  going,  because  there  is  little  labor,  practically 
no  material  to  be  supplied,  as  the  water  runs  into  tur- 
bines and  makes  the  power.  That  is  very  simple,  but 
as  pointed  out  before,  you  cannot  get  the  money  for 
nothing,  you  have  got  to  pay  for  the  money ;  instead  of 
paying  for  coal  or  other  supplies  that  you  do  pay  for  in 
a  steam  power  plant,  you  have  to  pay  in  this  case  for 
the  money,  pay  interest,  and  provide  an  amortization 
fund,  in  connection  with  the  money  that  you  borrowed 
with  which  to  build  the  plant. 

So  we  find  that  for  practically  all  cases  where  the 
load  is  that  of  a  lighting  company  or  a  railway  company, 
which  means  that  the  load  factor  is  not  more  than  50 
percent,  and  in  some  cases  goes  down  to  30  percent, 
water  power  is  a  very  questionable  investment,  and  it 
would  have  to  be  looked  into  very  carefully  to  find  out 
whether  the  total  cost  of  that  power  would  not  be 
greater  than  you  could  make  it  from  a  steam  power 
plant. 

SIZE    OF    PLANT    AND    COST    OF    POWER 

The  size  of  plant  has  quite  an  appreciable  effect  on 
cost  of  power.  Below  certain  sizes  of  steam  generating 
units,  in  the  case  of  the  modern  turbine,  the  efficiency 
goes  down  very  rapidly,  below  about  1000  kilowatts. 
In  such  cases  it  would  be  better  to  buy  a  reciprocating 
engine,  direct  connected  -io  your  generator,  than  to  put 
in  turbines.  As  the  size  goes  up,  however,  the  turbine 
shows  considerable  improvement  over  what  the  recip- 
rocating engine  can  do,  and  when  we  get  to  units  of 
30000  kilowatts  or  more  there  is  a  very  marked  im- 
provement. The  unit  purchased  not  long  ago  by  the 
company  with  which  the  writer  is  connected  is  going 
to  give  70000  kilowatts,  on  10.5  pounds  of  steam  per 
kilowatt-hour.  Further,  there  must  be  a  certain  num- 
ber of  men  around  to  take  care  of  the  station,  engineers, 
firemen,  oilers,  etc.  A  man  can  take  care  of  a  large 
unit  almost  as  easily  as  he  can  take  care  of  a  small  unit, 
so  that  the  cost  of  help  does  not  go  up  in  proportion  to 
the  size  of  the  plant.  That  is  another  thing  which  makes 
a  large  plant  cheaper;  but  with  a  very  large  plant  the 
cost  of  these  items  is  almost  negligible,  and  the  cost  of 
coal  and  water  are  very  important  things,  especially  the 
cost  of  coal. 

For  illustration,  when  we  started  developing  power 
for  the  electrification  of  the  Manhattan  Elevated  Rail- 
way System  in  New  York,  about  fifteen  years  ago,  it 
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took  almost  three  pounds  of  coal  per  kilowatt  hour,  and     broadest  aspect,  there  is  no  reason  why  a  railroad  com 
today  we  are  making  power  for  1.5  pounds  of  coal  per  -     .  .         .      -  .- 

kw-hr.  with  modern  turbines.  The  difficult  situation 
which  has  arisen  has  been  a  financial  one.  ^\hen 
the  old  units  were  put  in  they  were  the  finest  units 
every  built.  They  cost  a  very  large  amount  of  money, 
but  owing  to  the  progress  of  development  of  the  steam 
turbine,  which  ofifered  such  large  improvement  in  econ- 
omy, it  seemed  advisable  to  take  out  the  engines  and 
replace  them  with  the  turbines.     Those  units  cost  ap 


pany  cannot  build  just  as  economical  plants  as  any 
power  company  can.  The  only  difference  is  the  one 
pointed  out  in  Fig.  6.  where,  if  you  can  combine  several 
different  kinds  of  loads  with  your  own  railway  load, 
then  you  get  what  you  might  call  a  time  differential ;  in 
other  words,  you  fill  up  the  hollow  in  the  load  curve 
without  adding  anything  to  the  investment.  Suppose 
there  was  50000  kilowatts  capacity,  which  the  railroad 
required  only  at  certain  times.    If  you  could  sell  power 


proximately  a  quarter  of  a  million  dollars,  and  when  we     to  some  consumer  who  would  come  in  and  fill  up  the 


took  them  out  and  scrapped  them  they  were  worth 
about  $10  000.  How  are  you  going  to  write  off  the  dif- 
ference? These  are  some  of  the  problems  in  financing 
which  do  not  appeal  to  the  average  person,  because 
they  do  not  run  up  against  them :  but  it  is  a  real  prob- 


valley  in  the  railway  load,  such  a  valley  as  is  shown  in 
Fig.  6,  then  you  could  sell  your  pow-er  for  a  very  low 
rate,  as  you  have  not  added  anything  to  the  fixed 
charges.  It  would,  at  the  same  time,  cut  down  your 
own  cost,  as  you  would  certainly  expect  to  make  a  profit 


lem,  a  perfectly  honest  one,  because  money  was  paid  for     on  what  you  sold. 

the  units  fifteen  years  ago,  they  were  perfectly  good  to 

operate,  had  high  economy  for  their  time,  but  to  get 

better  economy  they  were  taken  out  and  sold  for  scrap 

and  replaced  with  turbines. .  That  touches  the  question 

of  what  we  might  call  the  effect  of  obsolescence  upon 

the  economy  of  production. 


ADVA>fTAGE  OF  DIVERSIFIED  LOADS 

The  general  question  as  to  whether  the  railway  com- 
pany should  manufacture  its  own  power  or  buy  it  is  a 
very  interesting  one.     If  we  look  at  the  thing  from  its 


The  flatter  your  curve,  that  is,  the  more  you  can  fill 
up  the  valleys,  the  cheaper  you  can  manufacture  the 
power.  That  is  the  main  object  in  the  general  power 
company  going  out  and  getting  loads  from  all  sources, 
various  kinds  of  loads,  and  especially  night  loads.  If 
you  can  build  up  a  load  factor  as  good  a,s  the  power 
company  can.  then  there  is  no  reason  why  the  railroad 
company  should  not  make  the  power  and  sell  some  of  it 
to  some  one  else.  If  the  power  company  can  build  up  a 
better  load  curve  than  you  can.  then  they  can  make 
power  cheaper  than  you  can  make  it. 


Effect  of  Brush  Width  on  Commutation 


C.  G.  Lewi 


THE  SIZE  of  the  brushes  on  direct-current  motors 
and  generators  is  a  very  important  consideration, 
as  the  brushes  have  a  very  important  effect  on  the 
commutation,  and  commutation  has  a  very  important 
bearing  on  the  life  and  upkeep  of  all  direct-current  ma- 
chines. Therefore,  what  seenis  like  a  very  small  matter, 
viz.,  the  width  of  the  brush,  or  number  of  bars  covered 
by  the  brush,  is  a  point  that  has  a  large  influence  on  the 
operation  of  direct-current  machines,  and  is  the  deciding 
factor  in  the  operation  of  some  of  them  which  happen 
to  be  designed  very  closely. 

The  commutating  zone  of  a  direct-current  motor  or 
generator  is  the  zone  on  the  armature  surface  in  which 
the  armature  coils  are  undergoing  commutation,  or  in 
inches  it  is  the  distance  which  a  point  on  the  armature 
surface  travels  from  the  time  that  the  first  armature 
coil  side  in  a  slot  pitch  starts  to  commutate  until  the  last 
coil  side  has  completed  commutation.  This  commutating 
zone  is  a  very  important  quantity.  It  is  equal  to, — 
Ci-\-  Bi  —  h  +  Ch 


Pt 


a 


.(I) 


Where  Pt  =  tooth  pitch  in  inches. 

Cs  =  numher  of  commutator  bars  per  slot. 

B,  =  number  of  commutator  bars  covered  by  the  brush. 

/fe  :=  a  constant  depending  on  the  type  of  winding. 
Ch  ^=  number  of  commutator  bars  which  the  armature 
coils  are  chorded. 
If  there  are  three  commutator  bars  per  slot  and  the 
brush  covers  only  one  commutator  bar  it  would  take 


three  commutator  bar  pitches  for  all  the  coils  in  one  slot 
to  complete  commutation  in  case  of  a  multiple-wound 
armature  if  the  armature  were  pitch  wound.  If  the 
brush  covered  two  bars  the  commutation  would  be  com- 
pleted in  the  space  of  four  commutator  bar  pitches 
or,  still  assuming  that  there  are  three  commutator 
bars  per  slot  and  the  winding  is  not  chorded,  1-1/3 
slot  pitches.  Therefore,  in  a  multiple-wound  arma- 
ture which  is  pitch-wound,  commutation  of  all  the  coils 
in  a  tooth  pitch  is  completed  in  the  space  of  the  number 
of  commutator  bars  per  slot,  plus  the  number  of  com- 
mutator bars  covered  by  the  brush  minus  one.  In  a  two- 
circuit  winding  where  the  number  of  commutator  bars 
is  not  divisible  by  the  number  of  pairs  of  poles,  instead 
of  subtracting  one  from  the  number  of  commutator  bars 
per  slot  plus  the  number  of  bars  covered  by  the  brush 
subtract  0.5  bar  in  a  four-pole  machine  and  0.66  bar 
in  a  six-pole  machine  and  so  on.  The  term  k  in  equation 
( I  )  then  equals  /  for  a  multiple-wound  machine,  0.5 
for  a  two-circuit,  four-pole  machine ;  0.66  for  a  two- 
circuit,  six-pole  machine,  etc.  Still  assuming  three  com- 
mutator bars  per  slot,  if  the  winding  is  chorded  one- 
fourth  of  a  slot,  then  Ch  =  0.75.     The  expression. — - 

a  +  B,  —  k  +  Ch 
c\ 

gives  the  number  of  tooth  pitches  it  takes  for  all  the 
conductors  for  one  slot  to  cut  across  the  slot  flux. 
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What  has  been  called  the  reactance  voltage  is  the 
voltage  generated  in  the  zone  of  commutation  in  the 
coils  which  are  undergoing  the  process  of  commutation 
by  the  flux,  which  is  produced  by  the  armature  magneto- 
motive force.  The  reactance  voltage  may  be  said  to  be 
made  up  of  the  voltage  generated  in  the  short-circuited 
armature  coils  by  three  fluxes — the  interpolar  flux,  the 
flux  cut  by  the  end  windings  of  the  armature  coils  and 
the  slot  flux.  The  latter  is  the  flux  produced  by  the 
magnetomotive  force  of  the  armature  winding,  which 
extends  from  the  tooth  top  across  the  tops  of  the  slot 
and  teeth,  the  whole  of  this  flux  being  cut  by  the  con- 
ductors undergoing  commutation.  The  expression  for 
the  voltage  generated  in  the  short-circuited  armature 
coils  by  the  slot  flux*  is, — 
/c  ll't  Tc  j^s  ^  I  L 

It  can  be  seen  from  this  that  the  slot  voltage  is  di- 
rectly affected  by  the  value  of  the  constant  C3.  The 
value  of  this  constant  is, — 

a 

Cs  +  B,  —  k  +  Ch 
and  therefore,  to  increase  the  width  of  the  brush,  Bj,  is 
to  decrease  the  voltage  generated  in  the  short-circuited 
armature  coils  by  the  slot  flux.  It  will  also  increase  the 
width  of  the  commutating  zone.  The  part  of  the  react- 
ance voltage  due  to  the  slot  flux  is  generally  the  largest. 
Assume,  for  instance,  a  four-pole  motor  the  brushes 
of  which  cover  three  commutator  bars.  Suppose,  also, 
there  are  three  commutator  bars  per  slot  and  the  arma- 
ture coils  are  chorded  one-fourth  of  a  slot,  then  the 
constant  C-^  in  formula  (2)  is, — 

a 


,). 


G  = 


=  0.4S 


Cs  +  B,  —  k  +  Ch        3  +3  —  0.5  +  0.75 
Now  suppose  that  the  brush  were  changed  and  that 
the  density  were  so  low  that  a  brush  could  be  used  which 
onlv  covers  two  commutator  bars.    Then, — 


3+2  —  0.5  +  0.75        5.25 
Or  the  value  of  the  e.m.f.  due  to  the  slot  flux  will  be 
19  percent  greater. 

Assume  now  that  the  armature  coils  undergoing 
commutation  have  only  the  circulating  currents  in  them 
caused  by  the  short-circuit  voltage  generated  in  the  coils 
as  mentioned  above.  The  magnetomotive  force  pro- 
duced by  these  coils  is  represented  by  Fig.  i.  The  heavy 
line  represents  the  first  case  and  the  light  line  the  second. 
This  also  gives  an  indication  of  the  short-circuit  voltage 
generated  in  the  coils,  since  it  is  this  voltage  which  pro- 


duces the  local  currents  referred  to.  The  heavy  line 
represents  a  much  better  condition  from  the  standpoint 
of  good  commutation,  because  the  maximum  value  is 
lower  and  the  maximum  value  is  not  as  much  greater 
than  the  average,  as  is  the  case  with  the  curve  given  by 
the  light  line.  It  is,  therefore,  easier  to  make  the  face  of 
the  commutating  pole  the  correct  shape  and,  as  can  be 


FIG.    I — M.\GXET0M0T1VE   roRCE   CURVE   PRODUCED   BY   ARM.\TURE 
COILS    UNDERGOING   COMMUTATION 

Heavy   line    represents    case   where   brush   covers    three    com- 
mutator bars.    Light  line  represents  case  where  brush 
covers  two  commutator  bars. 

seen,  the  instantaneous  variations  will  not  be  so  large. 
In  the  case  of  the  dark  line  the  commutating  pole  will 
have  to  have  a  wider  face.  The  maximum  value  in- 
creases about  21  percent  when  the  brush  width  is  de- 
creased from  the  width  of  three  bars  to  two  bars. 

In  general,  good  commutation  cannot  be  obtained  if 
the  voltage  generated  in  the  armature  coils  short-cir- 
cuited by  the  brushes  exceeds  four  to  five  volts  per  coil. 
Suppose  a  motor  is  just  on  the  edge  as  regards  commuta- 
tion. It  has  been  designed  and  built  so  that  none  of  the 
other  quantities  given  in  formula  (2)  can  be  changed 
without  some  trouble  and  expense.  If  the  brush  width 
is  increased,  the  value  of  the  constant  C3  is  decreased 
and.  therefore,  the  short-circuit  voltage  per  coil  is  also 
made  smaller.  This  may  be  just  enough  to  bring  the 
value  of  the  short-circuit  voltage  per  coil  within  safe 
working  limits. 

When  a  motor  has  a  high  short-circuit  voltage,  it  is 
generally  necessary  to  make  some  refinements  in  the 
details  of  design,  because  the  variations  from  the  aver- 
age volts  generated  in  the  short-circuited  coils  to  be 
equalized  by  the  commutating  pole  are  very  often  too 
large,  unless  the  face  of  the  pole  is  carefully  shaped  to 
take  care  of  them.  The  strength  of  the  commutating 
pole  is  made  sufificient  to  generate  a  voltage  equal  and 
opposite  to  the  average  reactance  voltage  per  coil,  but  if, 
due  to  the  high  maximum  voltage  per  coil,  its  strength 
is  not  sufficient  to  counteract  the  voltage  in  the  middle  of 
the  commutating  zone  and  is  too  strong  for  the  voltage 


♦From  a  paper  on  ".\  Theory  of  Commutation  and  Its  Ap- 
plication to  Interpole  Machines"  in  the  Transactions  A.LE.E., 
igii.  Vol.  XXX,  p.  2386,  in  which 
/c  =  current  per  conductor. 
\Vt  =  total  number  of  wires  on  the  armature. 
Tt  =  turns  per  individual  armature  coil. 
Rr  =  revolutions  per  second. 
S  =  width  of  slot,  assuming  parallel  sides. 

n  -  ratio  of  width  of  armature  tooth  to  the  width  of  arma- 
ture slot,  at  the  surface  of  the  core. 
L  =  width  of  armature  core,  including  ventilating  spaces, 
lis  =  total  depth  of  slot. 
Cj  =  correction  factor  for  the  brush  width,  chord  winding,  etc. 


FIG.    2 — MAG. VETO  MOTIVE    FORCE   CURVE   AND    COMMUTATING-POLE 
FACE    WHICH    ARE    NECESSARY    FOR    NEUTRALIZATION 

just  at  the  edges  of  the  zone,  sparking  will  result,  even 
though  the  total  voltage  across  the  brush  is  kept  down 
to  safe  working  limits  by  the  action  of  the  commutating 
poles. 

\Mien  the  brush  width  is  increased  the  width  of  the 
commutating  zone  is  also  increased,  and  if  this  is  carried 
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too  far  the  brush  will  short-circuit  some  of  the  armature 
coils  when  under  an  active  field,  due  to  the  fringing  of 
the  main  field  flux.  If  this  happens  it  is  almost  impos- 
sible to  make  the  machine  commutate  properly,  and  the 
only  thing  to  do  is  to  make  the  brush  narrower. 

The  commutating  poles  should  cover  approximately 
the  width  of  the  commutating  zone,  so  the  width  of  the 
brush  cannot  be  increased  beyond  a  certain  limit  on  this 
account.  When  the  commutating  pole  is  not  wide 
enough  it  does  not  sufficiently  compensate  for  the  short- 
circuit  voltage  generated  in  the  armature  coils  on  the 
outside  edges  of  the  commutating  zone.  Therefore, 
there  will  be  local  currents  which  may  cause  sparking 
and  heat  the  armature  coils  above  normal. 

The  width  of  the  commutating  pole  and  zone  can  be 
determined  from  formula  (i).  The  shape  of  the  field 
which  it  has  to  neutralize  is  shown  in  Fig.  2  and,  there- 
fore, the  commutating-pole  face  should  be  the  inverse 
of  the  curve  shown.  If,  therefore,  the  air-gap  in  the 
middle  of  the  pole  is  one-eighth  inch,  the  air-gap  on  the 
edges  of  the  pole  should  be  approximately  one-half  inch, 
since  the  strength  of  the  field  to  be  neutralized  is  four 
times  as  great  in  the  center  of  the  pole  as  on  the  edges. 

It  can  also  be  seen  from  Fig.  2  that  if  the  commu- 
tating pole  is  correct  for  the  brush  width  that  gives  the 
magnetomotive  force  curve  shown,  it  may  not  be  correct 
for  a  narrower  or  wider  brush,  since  the  shape  of  the 
magnetomotive  force  curve  is  changed. 

The  brush  would  have  to  be  wider  the  fewer  bars 
there  are  on  the  commutator  in  order  to  cover  the  same 
number  of  bars.  However,  it  is  generally  necessary  to 
make  the  brush  wider  as  the  number  of  bars  is  increased, 
in  order  to  keep  the  same  width  of  commutating  zone. 
For  instance,  in  an  armature  with  61  commutator  bars 
and  8  turns  per  armature  coil,  31  slots,  a  one-fourth  inch 
wide  brush,  7.25  inch  diameter  armature  and  a  5.12  inch 


diameter   commutator   the   width    of    the   commutating 
zone  in  inches  will  be  from  formula  (i), — 

0.762  {2  +  o.()5  —  0.5  +0.5)   —  ,  j,- 

If  the  combination  is  changed  to  81  bars,  6  turns  per 
coil,  41  slots,  a  three-eighth  inch  wide  brush  will  be 
required  in  order  to  obtain  approximately  the  same  com- 
mutating zone.  A  three-eighths  inch  v^^ide  brush  covers 
1.84  bars.    Then  from  formula  (i), — 


o.5,';6  (2  -f  1.84  —  0.5  +  0.5) 


/.()/  inches. 


The  combination  might  be  changed  again  to  81  bars, 
6  turns  per  coil,  27  slots,  and  the  width  of  the  brush 
would  then  have  to  be  only  one-eighth  inch  to  obtain 
practically  the  same  commutating  zone.  A  one-eighth 
inch  brush  under  these  conditions  would  cover  0.628 
bars  or,  from  formula  ( i ) , — • 

0.845  (S  +  0-6.'8  -  0.5  +  0-75)   =  ,.„p  ,„,/,,,. 
3 

It  should  not  be  understood  from  the  above,  how- 
ever, that  the  brush  width  could  be  increased  indefi- 
nitely, and  thereby  commutating  conditions  made  better, 
for  the  limit  of  the  allowable  total  volts  across  the 
brush  is  reached.  Approximately  two  volts  across  the 
brush  uncompensated  for  is  permissible  with  fairly  good 
commutation.  If  without  the  commutating  pole  there 
is  eight  volts  across  the  brush,  the  allowable  departure 
from  exact  compensation  is  25  percent.  If,  however, 
there  is  16  volts  across  the  brush  normally,  the  voltage 
will  have  to  be  compensated  for  within  12.5  percent. 
Therefore,  it  is  necessary  to  be  sure  that  the  total 
volts  across  the  brush  does  not  rise  to  too  high  a  value. 

When  the  brush  width  is  changed  the  brush  position, 
or  neutral,  is  also  changed.  The  amount  that  the  brushes 
will  have  to  be  shifted  is  equal  to  half  the  change  in  the 
brush  width. 


The  Compensated  Generator 

David  Hall 

Power  Engineering  Dept., 

Westinghouse  Electric  &  Mfg.  Company 


HEAVY  peak  loads,  high  speeds  and  difficult  oper- 
ating conditions  for  direct-current  machines 
necessitate  the  neutralizing  of  the  distorting  ef- 
fects of  the  currents  in  the  armature  winding  in  order 
to  secure  good  performance  characteristics.  The  method 
of  obtaining  this  result  is  to  slot  the  pole  faces  of  the 
field  cores  and  place  a  winding  in  these  slots  which  is 
connected  in  series  with  the  armature.  The  number  of 
conductors  in  the  pole  faces  is  proportioned  so  as  to 
neutralize  the  armature  conductors  covered  l)y  the  pole 
face.  The  excess  winding  necessary  to  produce  a  com- 
mutating flux  is  concentrated  on  the  commutating  poles, 
located  midway  between  the  main  poles. 

Such  a  machine  is  known  as  a  compensated  machine 
because  of  the  special  compensating  or  balancing  pole 
face  winding,  the  function  of  which  is  to  compensate 


for  or  balance  the  armature  reaction,  or  in  other  words, 
to  neutralize  the  magnetizing  effect  of  the  armature 
winding.  It  is  therefore  placed  as  near  to  the  armature 
winding  as  possible,  and  the  more  uniformly  this  wind- 
ing is  distributed  about  the  periphery  or  space  surround- 
ing the  armature  the  more  perfectly  will  its  chief  func- 
tion be  performed. 

Generally  speaking,  direct-current  generators  and 
motors  may  be  classified  under  three  main  heads,  refer- 
ring to  their  commutation  characteristics  : — i — non- 
commutating  pole;  2 — commutating  pole;  3 — compen- 
sated. All  three  types  have  a  similar  armature,  shunt 
and  serieis  field  construction.  The  commutation  fea- 
tures constitute  their  principal  difference.  The  non- 
commutating-pole  generator  has  no  provision  for  a  flux 
to  produce  commutation,  except  as  is  brought  about  by 
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shifting  the  brushes.  But  with  the  commutating-pole 
machine  and  the  compensated  machine  special  provision 
has  been  made  for  producing  a  commutating  flux.  In 
these  two  cases  additional  poles  are  placed  between  the 
main  poles,  which  are  smaller  than  the  main  poles  and 
are  magnetized  by  conductors  which  are  connected  in 
series  with  the  armature,  so  that  the  magnetizing  eiifect 
is  proportional  to  the  armature  current. 

The    principal    feature    distinguishing    the    commu- 
tating-pole machine  from  the  compensating  machine  is 


ing,  since  the  maximum  voltage  between  commutator 
bars  is  one  of  the  limiting  features  of  direct-current 
machines. 

If,  for  example,  the  voltage  between  two  adjacent 
commutator  bars  becomes  excessive,  an  arc  may  be 
established  between  them,  and  this  arc  may  give  rise  to 


FIG.    I — M.\IN   ,\ND  COMMUTATING  POLE  OF  A  COMMUTATING- 
POLE   M.\CHINE 

Showing   all    magnetizing   conductors    concentrated    about   the 
commutating  pole. 

the  winding  of  the  conductors  which  neutralize  the  arm- 
ature reaction  and  magnetize  the  commutating  pole. 
With  the  commutating-pole  machine  all  the  conductors 
are  wound  around  the  commutating  poles,  as  shown  in 
Fig.  I.  With  the  compensating  machine  some  of  the 
conductors  are  located  on  the  commutating  poles,  while 
the  rest  are  distributed  in  the  main  pole  faces.  Fig.  2, 
where  they  can  more  completely  neutralize  the  eiTect  of 
the  armature  magnetization  and  prevent  the  distortion 
of  the  flux  under  the  main  pole. 

In  large  current  machines  this  winding  usually  con- 
sists of  a  number  of  copper  bars  embedded  in  slots  in 
the  main  pole  faces  and  lying  parallel  to  the  armature 
conductors.  As  can  be  seen  in  Figs.  3  and  4,  these  bars 
are  connected  in  series  and  in  series  with  the  armature, 
so  that  anv  change  in  armature  current  involves  a  cor- 


FIG.   2 — MAIN    AND   COMMUTATING   POLE   OF   A 
COMPENSATED    MACHINE 

Showing  part  of  magnetizing  conductors  placed   on  the  com- 
mutating pole  and  part  distributed  in  the  main  pole  face. 

responding  change  in  the  current  on  the  compensating 
winding. 

To  secure  a  clear  understanding  of  the  benefits  of  a 
compensating  winding  it  is  necessary  to  know  how  the 
voltage  is  distributed  about  a  commutator  and  how  the 
maximum  voltage  between  two  adjacent  commutator 
bars  is  afifected  by  the  armature  reaction  and  how  this 
maximum  voltage  is  afifected  by  the  compensating  wind- 


FIG.   3 — COMPENSATED  GENERATOR 

Showing  magnetizing  conductors  embedded  in  main  pole  face, 
a  ilashover.  Flashing  between  brushes  or  other  me- 
chanical parts  consists  in  the  formation  of  an  electric 
arc,  similar  to  the  arc  formed  in  an  arc  lamp.  It  takes 
a  high  voltage  to  form  an  arc  through  air,  and  therefore 
m  an  arc  lamp  it  is  found  necessary  to  first  bring  the 
carbons  into  contact  with  each  other,  and  subsequently 
draw  them  apart.  After  the  arc  has  once  been  estab- 
lished a  comparatively  small  voltage  will  maintain  it, 
because  the  metal  and  carbon  vapors  between  the 
electrodes   are  verv   much   better  conductors  than  air. 


FIG.  4 — COMPENSATED  GENERATOR 

Showing  strap  conductors  about  the  commutating  pole  and 
distributed  in  the  main  pole  face. 

Hence  the  first  means  to  avoid  the  formation  of  an  arc 
at  the  brushes  is  the  improvement  of  commutation,  and 
the  introduction  of  commutating  poles  and  compensated 
windings  has  helped  very  materially  in  eliminating 
sparking  and  consequent  flashing.  The  minimum  volt- 
age which  will  cause  flashing  depends  on  several  factory, 
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hence  there  is  no  fixed  value  which  can  be  stated  as  a 
Hmit  for  all  machines.  At  the  same  time,  any  element 
which  inherently  increases  this  voltage  is  undesirable, 
and  any  means  of  neutralizing  this  effect  without  other- 
wise impairing  the  usefulness  of  the  machine  is  desir- 
able. Hence  the  introduction  of  the  compensated- 
wound  machines  is  another  stage  of  the  evolution  of 
direct-current  design.  Such  machines  may  be  made  to 
meet  unusually  severe  requirements. 

The  armature  reaction  has  a  quite  different  effect  in 
each  of  the  three  types  of  machines.  In  the  non- 
commutating-pole  machine,  armature  reaction  distorts 
both  the  main  flux  and  the  commutating  flux;  in  the 
commutating-pole  machine  it  distorts  only  the  main  flux, 
and  in  the  compensated  machine  it  distorts  neither.  The 
resultant  effects  of  these  distortions  produce  in  the  ma- 
chines certain  characteristics  which  determine  their 
suitability  to  perform  different  classes  of  work.  The 
commutating  flux,  or  flux  between  the  main  poles,  deter- 
mines to  a  large  degree  the  operation  at  the  brushes. 


FIG.  5 — COMPENSATED  GENERATOR 

Showing  commutating-pole  windings  and  the  conductors 
distributed  in  main  pole  face. 

while  the  main  flux  under  the  main  poles  determines  the 
voltage  characteristics  and  also  the  voltage  between  ad- 
jacent commutator  bars,  which  may  have  much  to  do 
with  the  operation  under  heavy  loads. 

As  the  commutating  flux  for  the  non-commutating 
pole  machine  must  come  from  the  main  poles,  and  as  this 
flux  does  not  increase  as  the  load  increases,  it  follows 
that  it  is  necessary  to  shift  the  brushes  with  the  load  if 
the  best  results  for  commutation  are  obtained.  Hence 
flashing  may  be  experienced  if  the  brush  shifting  is  not 
affected. 

Brush  shifting  is  not  necessary  on  either  the  com- 
mutating-pole machine  or  the  compensated  machine, 
since  a  flux  for  commutation  is  produced  by  the  com- 
mutating poles  midway  between  the  main  poles,  which 


varies  automatically  and  directly  as  the  load,  because 
the  same  current  passes  through  the  armature  and  the 
commutating-pole  windings.  The  fact  that  non-com- 
mutating-pole  generators  require  that  the  brushes  be 
shifted,  while  the  second  and  third  class  do  not  require 
any  shifting,  constitutes  a  difference  in  armature  reac- 
tion, because  with  the  brushes  in  the  neutral  position  the 
reaction  from  the  armature  tends  to  establish  a  field 
which  would  pass  through  zero  at  the  middle  of  the  main 
pole  piece  and  be  a  maximum  between  the  main  poles, 
tending  only  to  distort  the  main  flux.  However,  the 
armature  reaction  in  non-commutating-pole  machines 
with  the  brushes  shifted  has  two  effects,  one  tending  to 
distort  the  main  flux,  which  is  a  cross-magnetizing 
effect,  and  the  other  directly  opposing  the  main  flux, 
which  is  a  demagnetizing  effect,  and  is  proportional  to 
the  amount  of  shift  of  the  brushes.* 

By  fixing  the  brushes  so  that  the  coil  under  com- 
mutation lies  midway  between  the  main  poles,  which  is 
the  proper  position  in  both  commutating-pole  and  com- 
pensated machines,  the  demagnetizing  effect  of  the  arm- 
ature is  avoided,  and  on  account  of  the  absence  of  the 
demagnetizing  effect  of  the  armature  such  machines  re- 
quire less  compounding.  Hence  the  armature  reaction 
in  a  commutating-pole  machine  has  a  cross-magnetizing 
effect,  but  not  a  demagnetizing  effect.  This  cross- 
magnetizing  effect  tends  to  distort  the  flux  under  the 
main  pole,  the  most  serious  effect  of  which  is  to  increase 
the  maximum  voltage  between  commutator  bars.  This 
effect  may  be  of  serious  consequence  if  the  average  volt- 
age between  commutator  bars  is  already  high. 

The  main  benefits  of  the  compensated  winding  are 
that  it  prevents,  under  sudden  changes  of  load,  the  main 
flux  from  sweeping  across  the  pole  face ;  in  other  words, 
prevents  a  distortion  of  the  main  flux,  thus  lowering 
the  maximum  voltage  which  would  otherwise  obtain 
between  adjacent  commutator  bars.  Furthermore,  it 
decreases  the  amount  of  leakage  which  is  present  when 
all  the  windings  are  concentrated  on  the  commutating 
pole.  It  is  evident  that  the  leakage  is  very  much  re- 
duced, when  one  considers  that  the  leakage  is  mainly 
between  the  main  pole  tip  and  the  commutating  pole, 
and  that  the  magnetomotive  forces  producing  this  leak- 
age are  very  much  less  because  a  large  proportion  of  the 
conductors  are  located  in  the  main  pole  face.  For  all 
these  reasons,  heavy  overloads  such  as  are  found  in  roll- 
mill  service,  can  be  carried  most  satisfactorily  on  the 
compensated  generator.  The  superiority  of  this  type  of 
machine  is  especially  noticeable  in  the  case  of  high- 
speed motor-generators  and  machines  for  roll-mill  and 
hoist  service,  particularly  when  both  generators  and 
motors  are  subjected  to  very  high  peak  loads.  ShcH 
loads  are  usually  of  short  duration  and  consequently  do 
not  generate  much  heat  in  the  windings,  but  the  com- 
mutating conditions  are  exceedingly  severe. 


*See  article  on  "Armature  Reaction,"  by  Mr.  R.  H.  Tabcr, 
in  the  Journal  for  January,  1914,  p.  65. 


Interpretation  of  Test  Data 

SINGLE-PHASE  SQUIRREL-CAGE  INDUCTION  MOTOR 

C.  A.  M.  Weber 

Small  Motor  Engineering  Dept., 

Westinghouse  Electric  &  Mfg.  Company 


WHEN  testing  induction  motors,  it  is  advisable, 
and  often  necessary,  to  have  a  reliable  method 
whereby  part  of  the  test  data  may  be  used  to 
check  the  rest  of  the  test  data;  or  for  various  reasons 
it  may  not  be  possible  to  make  a  complete  test  on  the 
motor,  and  yet  the  designer  must  be  certain  that  the 
motor  meets  the  requirements.  A  reliable  and  accurate 
method  of  obtaining  the  characteristics  of  a  single-phase 
squirrel-cage  induction  motor  from  the  locked  and  run- 
ning saturation  data,  together  with  the  resistance  of  the 
main  and  starting  windings,  is  described  below.  For 
convenience   in   reference,   a   one-half   horse-power,   60 
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FIG.    I — RUNNING    S.M'URATION    CURVES    OF    SINGLE-PHASE 
INDUCTION    MOTOR 

Resistance — Starting   winding   =;  3.92  ohms,  cold. 
Resistance — Main  winding         ^  1.07  ohms,  cold. 

cycle,  single-phase,  no  volt,  four-pole,  no-clutch  motor 
is  used  as  an  example. 

TESTS 

Running  Saturation  Curve — Data  for  this  curve  is 
obtained  by  measuring  the  volts,  amperes  and  watts  at 
various  voltages  from  120  percent  rated  voltage  down 
to  the  lowest  voltage  on  which  the  motor  will  run.  These 
tests  are  taken  with  the  motor  running  light,  and  should 
be  made  at  the  normal  operating  temperature  of  the 
motor.  From  this  data  two  curves  can  be  plotted,  as 
shown  in  Fig.  i,  using  amperes  and  watts  as  ordinates 
and  volts  as  abscissae.  The  friction  and  windage  loss  is 
considered  as  the  lowest  point  on  the  watt  curve,  al- 
though, if  greater  accuracy  is  desired,  the  primary  cop- 
per loss  at  this  voltage  should  be  subtracted  from  the 
wattmeter  reading.  If  the  friction  and  windage  loss  is 
already  known,  only  one  running  light  reading  is  re- 
quired, and  that  should  be  taken  at  rated  voltage,  with 
the  temperature  of  the  motor  at  the  normal  operating 
point. 


TJic  Locked  Saturation  Curve  is  obtained  by  taking 
three  or  four  readings  of  volts,  amperes  and  watts  with 
the  rotor  locked,  at  voltages  which  will  give  current 
values  around  the  full-load  current  of  the  motor.  The 
values  for  the  rated  voltage  may  then  be  calculated, 
since  the  current  varies  directly  as  the  voltage  and  the 
watts  vary  as  the  square  of  the  voltage.  The  averages 
of  the  current  and  watt  values  at  rated  voltage  are  then 
taken  as  the  true  locked  values  at  rated  voltage  and,  if 
desired,  curves  can  be  drawn  through  the  observed 
values  and  continued  to  the  calculated  values  at  rated 
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FIG.    2 — LOCKELi    S.\TUR.\TI0N    CURVES    OF    M.\IN    .\ND 
STARTING    WINDINGS 

voltage,  as  shown  in  Fig.  2.  Where  refinements  are  not 
required,  one  locked  reading  at  a  voltage  which  will  pro-' 
duce  full-load  current  will  be  sufficient. 

The  object  of  taking  these  locked  readings  at  low 
voltages  is  to  overcome  the  effect  of  heating,  because  a 
normally-designed  motor  will  heat  rapidly  when  locked 
at  rated  voltage ;  hence  such  readings  are  of  no  value 
unless  taken  the  instant  after  the  switch  is  closed  and, 
since  the  meter  pointers  do  not  settle  instantly,  it  is 
impractical  to  take  accurate  locked  readings  at  rated 
voltage. 

The  Resistance  of  the  main  and  starting  windings 
should  be  measured  with  a  Wheatstone  bridge  or  a  Kel- 
vin balance,  depending  upon  the  numerical  value  of  the 
resistances,  and  should  be  measured  cold.  The  temper- 
ature rise  on  the  primary  copper  of  a  normally-designed 
motor,  running  at  full  load,  is  approximately  35  to  40 
degrees  C,  and,  therefore,  the  hot  resistance  of  the 
main  winding  is  approximately  115  percent  of  the  cold 
resistance.  More  accurate  results  are  obtained  by  meas- 
uring the  cold  resistance  of  the  main  winding  and  then 
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adding  15  percent,  than  by  measuring  the  hot  resistance 
directly.  In  the  case  of  the  starting  winding,  experience 
has  shown  that  25  percent  should  be  added  to  the  cold 
resistance  of  the  starting  winding  to  obtain  the  hot 
resistance.  The  reason  for  adding  a  greater  percentage 
in  the  case  of  the  starting  winding  than  in  the  case  of 
the  main  winding  is  due  to  the  fact  that  the  circular 
mils  per  ampere  is  considerably  less  in  the  starting 
winding  than  in  the  main  winding.  The  cold  resistances 
are  given  with  the  running  saturation  curve.  Fig.  i. 

The  main  winding  test  data  required  for  calculating 
the  values  which  are  used  in  constructing  the  perform- 
ance diagram  are  given  in  Table  I.  From  this  data  the 
reactance,  secondary  resistance  locked,  secondary  re- 
sistance running,  magnetizing  amperes  main  field  and 
iron  loss  must  be  determined  in  order  to  draw  the  per- 
formance diagram.    These  values  in  inches  can  best  be 

TABLE  I— SYMBOLS  FOR  TEST  DATA  AND 
PERFORMANCE  DIAGRAM 


Rated  voltage 

No-load  current,  main  winding 

Locked  current,  main  winding 

Locked  current.starting  winding 

Magnetizing  current,  main  field 

No-load  watts .  ._ 

Locked  watts,  main  winding 

Friction  and  windage  loss 

Total  motor  iron  loss 

Iron  loss  due  to  main  field  =  Pi  X  0.55 

Iron  loss  due  to  cross  field  =  Pi  X  0.45 . . . 

Locked  watts,  starting  winding. 

Secondary  copper  loss,  running  light 

Primary  resistance,  main  winding  (cold). . 

Resistance  starting  winding  (cold) 

Secondary  resistance  running  =  o.S  X  fj'. 

Secondary  resistance  locked 

Prim,  reactance,  main  winding 

Reactance  starting  winding 

Primary  current  scale,  amperes  per  inch .  . 

Secondary  current  scale,  =  S\  ^  Kj, 

Primary  voltage  scale,  volts  per  inch 

Permeance  of  Mutual  Leakage  Path. 


Permeance   of  Mutual  and  Primary  Leak 

age  Paths  in  Parallel. 
K\ 


Total  resistance .  . 
Total  impedance 


no. 

4.66 
23-5 
19-3 
2.52 
122 
1655 
17 
63 
35 
28 
025 
15-2 
1.07 
3-92 
1-54 
1.92 
3-52 
1.67 


\oits* 

Amp.* 

Amp.  • 

Amp.* 

Amp. 

Watts* 

Watts* 

Watts*t 

Watts 

Watts 

Watts 

Watts* 

Watts 

Ohms* 

Ohms* 

Ohms 

Ohms 

Ohms 

Ohms 


*Test  data. 

fThe  friction  and  windage  loss  of  17  watts  includes  the 
primary  copper  loss.  Since  the  primary  copper  loss  at  the 
voltage  at  which  17  running  watts  were  obtained  is  only  ap- 
proximately 1.5  watts,  it  is  negligible  in  this  case. 

determined  from  an  auxiliary  diagram.  Fig.  3,  as  fol- 
lows:— Let  Si  =  3  amperes  per  inch ;  and  S,  =  22  volts 
per  inch.     Then 

LR'  =  -gr^   =  5-01 


Pl 

ESi 

ih 


OL  =  -^^      =  T-S3 
E 

Z£  =  ^   =  r.31 


OM*   = 


sSi 


0.78 


*The  true  value  of  OM  is  obtained  from  the  rnain  field  mag- 
netizing current  im.  For  this  part  of  the  calculation  im  rnay  be 
assumed  to  be  one-half  of  the  no-load  current  ia. 


From  these  values  the  main  winding  auxiliary  dia- 
gram may  be  drawn  as  shown  in  Fig.  3. 

AUXILIARY   DIAGRAMS 

Lay  off  LR!  at  right  angles  to  a  convenient  base  line. 
Then  with  center  at  L  and  radius  equal  to  OL  locate  the 
point  O  on  the  base  line.  At  O  erect  a  perpendicular 
equal  to  OE.  Then  lay  off  ZE  from  E  parallel  to  OL 
and  draw  in  OZ.     Now  draw  a  line  from  O  perpen- 


FIC.    3 — .\I.\1N    WlNDINf.    /XU.XILIARY    DI.\GR.\M 

Diagrams  are  reproduced  one-third  size, 
dicular  to  OZ,  lay  off  OM  on  this  line  and  draw  a  semi- 
circle through  points  M  and  L  with  center  on  the  per- 
pendicular from  0  locating  H,  finally  dropping  a  per- 
pendicular from  L  to  OH  locating  R.  The  auxiliary 
diagram  is  now  complete,  and  the  following  values  in 
inches  are  measured : — OZ  =  4.28;  OH  =  8.91 ;  LH  = 
J.p;  ML  =  j.i^,  and  OR  =  7.05.  From  these  dimen- 
sions, the  reactance,  the  secondary  resistance,  the  mag- 


FIG.  4 — STARTING  WINDING  AUXILIARY  DIAGRAM 

netizing  current  and  the  iron  loss  of  the  motor  in  ohms 
are  calculated: — * 

E  x  OZ 


=  3-52 


=  i.g2 


^'^~   OH  XOE  X  5, 

LH 

r!  =    X^   X   ^ 

Experience  has  shown  that  the  running  secondary 
resistance  is  somewhat  less  than  the  locked  secondary 


♦Where  refinements   are  not  required  the  reactance,   etc., 
may  be  calculated  as  follows : — 

Z  =  ^,R  =  ^,Xm  =  VZ'  —  R\  ri'  =  R  —  r, 
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resistance  and  also  that  it  varies  with  the  frequency. 
For  60  cycle  motors,  the  running  secondary  resistance 
referred  to  the  primary  current  scale  is  approximately 
80  percent  of  the  locked  secondary  resistance  referred 
to  the  primary  current  scale.    Therefore, — 

Ti  =  0.8  X  1.92  =  1.54  ohms 

io  X  E 
'"  =    2E-ioX^   =  ^-^^  amperes 

imXm 


P\  =  Pa—  (.io-ri  4-^8+  Ps)   =  03  watts 

The  values  thus  obtained  are,  as  previously  men- 
tioned, for  the  main  winding  only,  and  if  starting  torque 
is  desired  the  reactance  X^  must  be  determined  for  the 
starting  winding  in  the  same  manner  as  X^  was  deter- 
mined for  the  main  winding.  The  running  values  of  the 
starting  windins;;  circuit  are  not   available,  and   these 


FIG.  5 — PERFORMANCE  DI.VGRAM 

OZ  =  0.73  inch  ;  OZ^  =  0.38  inch ;  OZ-.  =  0.30  inch ;  0Z_  = 
0.25  inch  ;  OZ,  =:  0.22  inch ;  OZ^  =  0.20  inch. 

values  must  be  obtained  from  the  main  winding  values 
by  making  the  proper  correction.  The  starting  winding 
circuit  values  are  taken  from  the  starting  winding  curves 
of  Fig.  2  and  included  as  part  of  the  test  data  in  Table  I. 
The  dimensions  in  inches  of  the  starting  winding 
auxiliary  diagram  calculated  from  test  data  values 
are:— LR'  =  6.14;  OL  =  6.43;  OE  =  5,  and  ZE  = 
4.2p.  The  scale  of  the  starting  winding  auxiliary  dia- 
gram is  the  same  as  the  scale  of  the  main  winding  aux- 
iliary diagram.  OM  for  the  starting  winding  auxiliary 
diagram  is  in  the  same  proportion  to  OR  on  the  same 
diagram  as  OM  is  to  OR  on  the  main  winding  auxiliary 
diagram.  OM  is  ii.i  percent  of  OR.  Therefore,  for 
the  starting  winding  auxiliary  diagram, — 

OM  =  o.iii  X  OR  =  o.iii  X  6.1  =  0.68  inches 

The  starting  winding  auxiliary  diagram,  Fig.  4,  was 
drawn  from  the  above  values  in  the  same  way  as  the 
main  winding  auxiliary  diagram  was  constructed,  and 


the  measured  values  in  inches  are : — OH  =  6.84;  OZ  =^ 

1.36,  and  OE  =  5.    Therefore, — 

■i-    _  E  X  OZ         _      no  X  1.56 

^^  "  OH  X  OE  X  Si   ~    6.84  X5  X3    "  '■'^^  "'""^ 
PERFORMANCE    DIAGRAM 

The  complete  list  of  values  now  available  for  con- 
structing the  performance  diagram  and  calculating  the 
performance  of  the  motor  are  shown  in  Table  I. 


FIG.  6 — CALCUL.\TED  PERFORMANCE  CURVES 

In  calculating  the  performance  of  the  motor  the  iron 
loss  must  be  divided  in  two  parts ; — that  due  to  the  main 
field  and  that  due  to  the  cross  field.  As  found  by  ex- 
perimental data,  the  iron  loss  due  to  the  main  field  is 
approximately  55  percent  of  the  total  iron  loss,  or  in 


FIG.    7 — BRAKE   TEST   CURVES 

Maximum  torque  =  49  oz.-ft.  Starting  torque  =  32  oz.ft. 

this  case  35  watts,  and  the  cross  field  iron  loss  is  ap- 
proximately 45  percent  of  the  total  iron  loss,  or  28 
watts. 

The  dimensions  of  the  performance  diagram.  Fig.  5, 
are  calculated  as  follows: — Let  Si  =  four  amperes  per 
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inch;  Sj  =  4.19  amperes  per  inch,  and  Se  =   30  volts 

per  inch.    Then,  expressed  in  inches, — 

E 

=  7.80 


O'H  = 

O'M  = 
MH  = 
O'V  = 

LH  = 


Si 
O'H 


7.17 


O'O 


X  5i 
=  0.63 
O'M 

=  I-I7 

(sin  tan-'-  ^  )  X  MH 
0.400  X  7.17  =  2.87 
=  0.08 


EX  Si 

On  a  convenient  base  Hne  lay  off  O'M,  O'V  and 
O'H.  Bisect  MH  and  draw  a  semicircle  with  MH  as 
the  diameter.    With  //  as  a  center  and  radius  equal  to 


the  points  Z,  Z^,  Z^,  etc.  On  account  of  the  points 
Z,  Zj,  Z2,  etc.,  being  so  close  together  their  exact  loca- 
tion is  not  shown  in  Fig.  5. 

The  values  of  OT,  MT,  MN,  TR,  TH  and  ZE  are 
measured  for  each  load  point  selected  and  the  running 
performance  of  the  motor  is  calculated  and  tabulated  in 
Table  II.  Fig.  6  was  plotted  from  the  values  given  in 
Table  II.  For  comparison.  Fig.  7  shows  the  perform- 
ance curves  of  this  motor  obtained  by  brake.  These 
curves  by  brake  coincide  almost  exactly  with  the  curves 
calculated  by  diagram.  The  brake  test  was  not  a  labor- 
atory brake  test  and  consequently  some  variations  are 
to  be  expected  due  to  errors  in  observation  and  instru- 
ment calibration. 

Starting  Torque — Measure  in  inches  OL  =  J. 21  and 


TABLE  II— PERFORMANCE  DIAGRAM  VALUES 


ITEM 


DESCRIPTION 


LOAD  POINTS 

Tt 

Ti 

r, 

Tt 

Ti 

Max.  Running, 

1-23 

0.62 
0.30 
6.62 
0.28 
3-73 

1.36 
0.79 
0.59 
6.62 
0.55 
3-78 

1-55 
I  03 
0.90 
6.60 
0.83 
3.82 

1.85 
1-37 
1.28 
6.56 
1.17 
3-88 

2.32 
1.88 
1.82 
6.46 
1.64 
3-97 

4-44 
3-95 
3-94 
5-66 

3-II 
4.22 

0.982 

0.97 

0.959 

0-945 

0.923 

0.868 

0.13 
6.49 

0.26 
6.36 

0.39 
6.21 

0.56 
6.10 

0.80 
5-66 

1.72 
3-94 

1783 
4-83 
2.55 

1766 

5-27 

3-21 

1749 
5-95 
4.07 

1722 
7.00 
5-43 

1686 

8-57 
7.26 

1502 

15-42 

14-38 

6.7 

6.4 

6.1 

5.8 

5-3 

3-7 

10. 0 
28.0 

15-9 
28.0 

25.6 
28.0 

45-4 
28.0 

81.4 
28.0 

318.0 
28.0 

17.0 
350 
28.8 
118.8 
182.8 

17.0 

35  0 

34-2 

225.0 

294.2 

17.0 

35  0 

43-5 

335-5 

414.0 

17.0 

35-0 

60.3 

460.0 

555-3 

17.0 

35-0 

90.4 

614.0 

739-4 

17.0 

350 

283.0 

1030.0 

1348  0 

1255 
57-3 

136.5 
157 -7 

1552 
258.8 

191 -5 
363-8 

257-1 
482.3 

684.7 
663-3 

3.62 

10.05 

16.62 

23-8 

32.2 

49-7 

313 
551  0 
34-4 
0.077 

53-5 
580.0 

50.7 
0.211 

62.5 
654.0 
63.3 
0.347 

65.5 
770.0 
72.1 
0.487 

65.2 
943-0 
78. 5 
0.646 

50.7 

1697.0 

79-4 

OT.. 

MT. 
MN. 
TH.. 
TR.  . 
ZE.  . 


OE 

ZE 

(3)  X  (r^^Xm) 

(4)-W 

R.  P  .M.  =  V  (p)  ^  {4)  X  syn 

Primary  Amperes  =  (/)  X  (7)  X  5i 

Secondary'  Amperes  =  (2)  X  (7)  X  ^5 

Secondary  copper  loss,  cross  field 

=  {MV  X  S2)'  X  r,  X  (^iflJ^X  {7))- 
\    syn.  I 

Secondary  copper  loss  main  field  =  (/2)'  X  r2  .  ■ 

Fc 

Pf 

Pm 


Primary  copper  loss  =  (//)'  X  n 

Secondary'  Input  =  (5)  XC/)'  X  5,  X  £ 

Input  =(77)  +  {18)  -I-  {19) 

Total  losses  =  {13)  +  {14)  -|-  (75)  -|-  (76)  +  (77) 

+  (xS) 

Output  =  (20)  —  (27) 


T,  (22)    X   772.7  r, 

^"'■'l"''  =      R.P.M.        "'"■  ^^■■■■ 

Efficiency  =  (22)   -^  (20) 

.Apparent  watts  =  (77)  X  E 

Power-factor  =  (20)   -;-  {2$) 

Horse-power  =  (22)  -j-  746 


LH  locate  L  on  the  semicircle.  Bisect  LH  and  VL  and 
where  the  bisecting  lines  intersect,  point  C,  the  center  of 
the  single-phase  current  locus  is  located.  With  center 
on  C,  draw  a  circle  through  V ,  L  and  H.  The  bisector 
of  the  arc  VL  cuts  the  single-phase  current  locus  at 
point  T,  which  is  the  theoretical  maximum  torque  point. 
Now  lay  off  O'O  perpendicular  to  O'H  to  take  care  of 
the  effect  of  iron  loss  in  the  main  field.  Then  draw  a 
line  from  H  through  T  and  locate  N  on  the  arc  MLH. 
From  0  lay  off  OE  perpendicular  to  O'H.  Select  a 
number  of  load  points  T^,  T^,  etc.,  on  the  single-phase, 
current  locus.  Measure  the  values  OT,  OT^,  OT.,  etc., 
and  from   formula, — 

0,^OTXS.Xn 
■Je 

calculate  the  values  of  OZ,  OZ.^,  OZ2,  etc.  Lay  these 
values  off  on  OT,  OT.^,  0T„,  etc.,  produced  and  locate 


LR'  =  2.59.    From  E  (Fig.  5)  draw  a  line  parallel  to 
OL  and  on  this  line  lay  off  both : — 
Oi  X  5i  X  r, 


OLX  SxX  r,s 


Xm 


Then  draw  lines  from  0  to  Zl  and  Z,  and  measure 
their  lengths  and  the  angle  6  between  them.  The 
angle  d  is  the  angle  of  lag  of  the  main  winding  current 
behind  f the  starting  winding  current.  The  sine  of 
this  angle  is  used  in  the  starting  torque  formula  and 
may  be  obtained  direct  by  laying  off  on  OZ,  ten  units 
to  any  convenient  scale  and  measuring  the  length  of 
the  line  from  the  tenth  division,  which  is  perpendic- 
ular to  OZi. 

c,    ,■      ,  Li?.  X  5.  X  £       ^,         OE'  pc^ 

Slartmg  torq,^  =  225  Synchronous  R.P.M.  ^  OZ^  X  OZ,  \  x^ 
X  sin  e  =31.8  OS.— ft. 


Single-Phase,  Two-Phase  and  Three-Phase 

Distribution 


George  P.  Roux 

Consulting  Engineer, 

Philadelphia 


IN  THE  early  days  of  the  electrical  industry  single- 
phase  circuits  were  used  for  the  distribution  of  alter- 
nating current.  Later  the  polyphase  system  was 
developed,  and  almost  simultaneously  two-phase  and 
three-phase  motors  and  generators  made  their  commer- 
cial appearance  in  1888.  At  first,  the  preference  was  for 
two-phase  current,  the  three-phase  system  being  almost 
exclusively  used  for  long  transmission  problems.  Since 
then  the  three-phase  system  has  become  more  popular, 
and  the  tendency  is  now  to  its  exclusive  use. 

We  will,  therefore,  review  and  study  the  question  of 
conductors  for  each  one  of  the  above  systems.  We  will 
consider  each  one  of  the  above  circuits  as  having  only 
an  ohmic  resistance,  which  is  not  true,  since  allowance 
must  be  made  for  capacity,  inductance  and  reactance, 
but  for  the  sake  of  simplicity  we  will  treat  them  as  in  the 
case  of  continuous  current,  since  the  impedance  in  each 
case  for  a  short  line  is  a  factor  having  almost  the  same 
value. 

Assume,  for  instance,  a  case  where  200  kilowatts  at 
80  percent  power-factor,  alternating  current  is  to  be 
transmitted  10  000  ft.  with  a  drop  of  potential  at  the 
receiving  end  of  five  percent,  the  generating  voltage 
being  in  each  case  2200  volts,  transmission  through  over- 
head wires. 

Single  phase — The  current  in  amperes  will  be  as 
follows : — 

;  _    200  X  won  _   „,^  amfercs. 
22no  y  o '' 

The  potential  drop  being  five  percent  is  therefore 
equal  to  2200  X  0.05  =:  no  volts.  The  resistance  of 
the  coniluctor  i^  therefore  (see  Fig.  i)  : — 


R  =  ~  = 


;/o 

113.6 


=:    0  OftS    oh  I, 


The  circuit,  10  000  ft.  long,  requires  20000  ft.  of 
conductor,  with  a  resistance  per  1000  ft.  of  0.968  -H  20 
=  0.0484  ohms,  equivalent  to  a  copper  conductor  having 
a  cross-section  of  209310  circ.mils  and  weighing  635.4 
lbs.  per  1000  ft.,  or  a  total  weight  of  12  708  lbs. 

Tivo-pliase — The  power  in  each  phase  being  200  -^-  2 
^=  100  kw,  the  current  per  phase  will  be: — 

,    _     TOO   X    1000  .  „ 

i  = —- —   So.S  amperes, 

2300    X    0.8 

or  half  that  of  a  single-phase  circuit  (see  Fig.  2).  The 
potential  drop  will  be  the  same  as  found  above,  and 
therefore  the  conductor  should  have  a  resistance  of 


56.S 


=  1.036  ohms, 


that  is  to  say,  twice  the  resistance  of  the  single-phase 
circuit,  because  the  total  power  is  equally  divided  into 
two  circuits  in  parallel ;   their   individual   resistance   is 


therefore  twice  and  their  combined  resistance  the  same 
as  that  of  a  single-phase  circuit,  as  shown  in  Fig.  2. 

Here  we  have  two  circuits  in  parallel,  each  10  000  ft. 
long,  each  requiring  20000  ft.  of  conductor,  or  a  total 
of  40000  ft.,  and  each  conductor  having  a  resistance 
per  1000  ft.  of  1.936  -^  20  =  0.0968,  equivalent  to  a 
copper  conductor  having  a  cross-section  of  104  655 
circ.mils  and  weighing  317.7  lbs.  per  1000  ft.,  or  a  total 
weight  for  the  two  circuits  or  four  conductors  of 
12  708  lbs. 

Three-phase — The  current  in  amperes  per  phase  is  : — ■ 


/  = 


200  X  1000 


^=  65.6  aml'eres. 


2200  X  1-732  X  0.1 
Assuming  the  same  potential  drop  as  in  the  above 
cases,  five  percent,  the  watts  loss  in  the  total  line  equals 


1       R.O  9M 

-a  ^ 

yjj                Combined  B™un«- 

7  -:j---. 

1  -  S.  ,                          j| 

65.6  X  no  X  1-73-  =  12500,  which  is  the  same  as 
obtained  in  the  single-phase  and  in  the  two-phase  cir- 
cuits for  the  summation  of  all  the  PR  losses  or  the  el 
losses,  the  ohmic  voltage  drop  being  in  phase  with  the 
current.  It  should  be  noted  that  in  this  article  a  five 
percent  drop  is  considered  as  being  equal  to  a  five  per- 
cent IR  rather  than  a  five  percent  difiference  between 
the  impressed  and  receiver  voltage.  This,  then,  gives 
a  1 67  watts  loss  per  line,  and  since  this  equals  PR, 
R  =  4167  -^-  (65.6)-  =  0.968  ohms  as  the  resistance  of 
each  line. 

Referring  to  Figs.  3  and  6,  we  see  that  taking  the 
current  flowing  from  A  at  time  of  maximum  instan- 
taneous value  shown  in  position  T  of  Fig.  6,  it  divides 
;it  the  receiving  end  into  two  equal  currents  120  degrees 
;i])art,  each  having  half  the  value  of  the  current  in  A 
and  flowing  back  through  wires  B  and  C  to  the  gener- 
ator. This  system  can  be  considered  as  made  up  of  a 
circuit  consisting  of  one  phase  in  series  with  the  two 
other  phases  connected  in  parallel. 

Each  branch  of  the  circuit  thus  requires  a  conductor 
having  a  resistance  of  0.968  ohms  and,  inasmuch  as  the 
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length  is  loooo  ft.,  the  resistance  of  the  conductor  per 
looo  ft.  is  0.968  -^-  10  =  0.0968,  equivalent  to  a  copper 
conductor  having  a  cross-section  of  104655  circ.mils 
and  weighing  317.7  lbs.  per  1000  ft.,  or  a  total  weight 
for  the  three  phases  of  9531  lbs.,  or  75  percent  of  the 
copper  required  for  either  single  or  two-phase  circuits. 

If  we  consider  the  three-phase  system  for  each  in- 
stantaneous value  of  current  in  each  phase,  we  see,  by 
reference  to  Figs.  3  and  6,  that  the  current  in  each  phase 
flows  from  the  generator  in  one  direction  during  half  a 
period,  or  180  degrees,  and  passes  through  all  instan- 
taneous values  of  the  sine  wave  from  zero  to  maximum 
positive  and  then  back  to  zero ;  then  repeating  the  same 
performance,  but  in  the  opposite  direction, — that  is,  with 
a  negative  sign  during  the  other  half  period,  or  180  de- 
grees, which  completes  the  cycle. 

During  the  first  60  degrees  of  rotation  of  each  half- 
cycle  the  total  current  of  the  system  flows  from  phases 
A  and  C  to  the  receiver  and  returns  in  the  wire  of  phase 
B  to  the  generator.  During  the  next  60  degrees  it  flows 
from  the  generator  in  phase  A  only  and  returns  again 
partly  in  phases  B  and  C;  and  during  the  last  60  de- 
grees of  that  half-cycle  it  flows  partly  in  A  and  B,  re- 
turning through  wire  C  to  the  generator.  The  current 
of  phase  A  then  reverses  its  polarity  and  repeats  the 
same  performance,  which  also  occurs  in  the  same  order 
in  phases  B  and  C  following  the  time  position  shown  in 
Fig.  6. 

In  practice  the  current  is  expressed  in  terms  of  the 

mean    effective    vahie    which    equals — _    "    ,  and  is  the 

^  2 
only  value  that  need  be  considered. 

It  is  worth  while  to  fvnlher  analyze  the  phenomena 
occurring  in  alternating-current  circuits,  especially  as 
our  acquaintance  with  these  phenomena  soon  ceases 
after  we  leave  the  alnia  mater  curriculum  to  the  detri- 
ment of  our  clcai-  understanding  of  many  problems  that 
are  presented  for  consideration. 

A  readily  undersioo'l  representation  of  alternating- 
current  phenomena  is  given  in  the  form  of  polar  co- 
ordinates, which  combines  a  clear  exhibition  of  angular 
position  or  time,  direction  or  polarity  of  current,  as  well 
as  value  or  amplitude,  so  that  the  entire  performance  is 
apparent  at  a  glance.  In  polar  co-ordinates  the  radius 
vector  for  any  time  position  gives  the  instantaneous 
value  of  the  phenomena.  In  Figs.  4,  5  and  6  are  repre- 
sented single,  two  and  three-phase  currents  which,  being 
assumed  to  be  of  a  sine  wave  and  balanced,  are  indi- 
cated by  circles  whose  diameters  correspond  to  the  rela- 
tive instantaneous  maximum  value  of  each  corresponrl 
ing  current. 

A  single-phase  current  is  shown  in  Fig.  4,  the  line 
OT  representing  the  time  rotating  counterclockwise 
around  the  center  of  rotation  of  the  system  O.  and  pass- 
ing by  all  the  current  values  of  the  phase  indicated  by  a 
circle  for  a  sine  wave.  The  maximum  value  is  reached 
when  the  time  in  -its  complete  revolution  for  a  cycle 
attains  the  angular  positions  90°  and  270°  ;  therefore,  in 
time  position  OT  the  current  is  at  maximum  positive 


value,  or  113.6  X  "^2  X  sin  90°  ^  160.6;  as  the  time 
line  further  rotates,  the  current  gradually  decreases 
in  value  until  it  reaches  zero  at  time  position  OT' ,  then 
again  raises  gradually  in  a  reverse  direction  of  flow,  or 
with  a  negative  sign  during  the  second  half  of  the 
cycle. 

A  two-phase  system  is  shown  in  Fig.  5,  the  phases 
being  in  90  degrees  relation.  Here  when  the  current  is 
maximum  in  phase  A,  as  represented  by  the  time  posi- 
tion OT,  it  is  at  minimum  or  zero  in  phase  B.  The 
minimum  instantaneous  value  of  the  currents  in  both 
phases  A  and  B  is  reached  at  time  position  OT ,  when 
the  current  in  each  phase  is  (56.8  X  "^'2)  X  sin.  45° 
=  56.8  amperes.  The  current  in  each  phase  has  half  the 
value  of  the  single-phase  current  in  Fig.  4  for  each 
corresponding  time  position  in  phases  A  and  B  and, 
as  the  circuit  consists  of  two  looped  wires  independ- 
ent of  each  other,  the  total  weight  of  the  conductors 
is  the  same  as  for  the  single-phase  circuit,  that  is,  they 
have  half  the  cross-section  but  twice  the  length.  Inas- 
much as  when  the  current  in  one  phase  is  at  maximum 
it  is  at  zero  in  the  other,  it  is  possible  when  the  phases 
are  not  electrically  interconnected  to  use  a  common 
return  for  the  two  phases.  This  reduces  the  number  of 
wires  from  four  to  three,  thus  effecting  a  saving  of  25 
percent  in  the  conductors.     The  current  in  the  common 


FIC.   4  t'IG.    5  FIG.   6 

Fig.  4 — Single-phase  current.  Fig.  5 — Two-phase  current. 

Fig.  6 — Three-phase  current. 

return  is  equal  to  the  vectpr  sum  of  the  two  currents  at 
90  degrees  and  is  the  same  as  the  maximum  value  in 
either  phase,  in  this  case  80.3  amperes 

The  advantage  resulting  from  the  saving  in  con- 
ductors in  a  two-phase,  three-wire  system  is  largely  off- 
set by  operating  inconvenience.  l-"ven  with  balanced  load 
in  each  phase  the  current  in  the  middle  wire  is  41  percent 
greater  than  in  the  outside  wires.  This  system  carries 
unbalanced  currents  and,  the  line  drop  being  greater  in 
the  common  return  wire  than  in  the  putside  ones,  the 
])hase  angle  symmetry  of  the  voltage  at  the  receiver  end 
is  affected  to  the  detriment  of  the  regulation  of  the  cir- 
cuit. These  conditions  are  greatly  aggravated  if  the  sys- 
tem has  its  phases  unbalanced  or  each  phase  with  a  dif- 
ferent power-factor.  Furthermore,  the  voltage  across 
the  two  otitside  wires  is  equal  to  their  vector  sum,  or 
41  percent  greater  than  the  phase  voltage,  and  requires 
additional  insulation,  or  else  they  are  subjected  to 
greater  stresses.  Besides,  special  care  must  be  taken  in 
making  connections  to  apparatus  on  account  of  this  dif- 
ference of  voltage  between  wires. 

The  inconvenience  resulting  from  a  greater  current 
density  in  the  middle  wire  could  be  overcome  by  increas- 
ing its  cross-section  41  percent,  in  which  case  the  sav- 
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ing  in  conductors  would  be  reduced  to  341  ^-  4  =  85 
percent  that  of  a  two-phase,  four-wire  system,  the  sav- 
ing being  only  15  instead  of  25  percent. 

A  three-phase  system  is  represented  in  the  same 
manner  on  Fig.  6,  each  phase  being  120  degrees  from 
the  others.  In  time  position  OT  the  current  is  at  maxi- 
mum in  phase  A,  or  65.6  X  "^2  =:  92.8  amperes,  and  in 
phases  B  and  C  is  92.8  X  sin.  30  =  46.4  amperes,  or 
half  the  value  of  that  of  phase  A  and  flowing  in  the 
opposite  direction.  In  this  system,  as  in  the  two  others, 
the  time  rotates  around  point  0,  the  center  of  rotation 
of  the  system.  The  minimum  instantaneous  value  of 
any  of  the  phases  is  attained  when  in  time  position  OT' , 
where  the  current  in  phase  A  is  zero,  and  92.8  X  sm.  60 
— -  80.4  amperes  m  phases  B  and  C,  respectively,  but  in 
opposite  directions.  It  is  to  be  noted  that  at  all  instants 
in  the  three-phase  system  the  total  sum  of  all  currents 
is  always  zero ;  also  that  potential  drop  follows  the 
cycloidal  function  of  the  period,  as  well  as  the  current 
and  voltage  in  each  branch,  starting  from  zero,  then  in- 
creasing to  maximum  and  positive,  and  then  decreasing, 
passing  by  zero  and  following  in  the  reversal  order  or 
negative  to  complete  the  cycle. 

The  relation  of  the  receiving  end  voltage  to  the  gen- 
erator voltage  is  shown  with 
polar  co-ordinates  in  Fig.  7,  for 
a  single-phase  current  where 
both  current  and  voltage  are  in 
phase.  When,  however,  the 
current  is  lagging  or  leading 
the  voltage,  the  potential  drop 
does  not  follow  the  cycloidal 
amplitude  of  either,  but  causes 
a  further  phase  displacement 
of  the  receiving  end  voltage. 
\Miere  the  wave  is  distorted  and  not  a  sine  wave,  the 
displacement  reaches  greater  proportions  and  its  graph- 
ical representation  requires  the  plotting  of  ordinates.  In 
three-wire,  two-phase  and  three-phase  circuits,  an  un- 
balancing of  the  phases  also  afifects  the  shape  and 
value  of  the  voltage  wave  at  the  receiving  end.  Sum- 
marizing the  results  obtained  in  the  three  systems  of 
distribution,  as  calculated  before,  gives  Table  I.  From 
this  table  it  is  apparent  that  a  three-phase  system, 
as  to  cost  of  conductor,  carrying  the  same  amount 
of  power  over  the  same  distance  with  the  same  line 
drop,  is  25  percent  cheaper  than  either  single  or  two- 
phase.  Assuming  an  existing  single-phase  line  of  the 
size  and  capacity  given  above,  if  we  change  this  line 
from  single  to  three-phase  by  the  addition  of  a  third 
wire  of  the  same  cross-section,  the  capacity  of  the  three- 
phase  line  for  the  same  drop  of  voltage  would  be  in- 
creased from  200  to  400  kw,  or  100  percent,  with  an  in- 
crease in  the  weight  of  copper  of  only  50  percent. 

In  the  case  of  an  existing  two-phase  line  having  the 
conditions  stated  above,  the  removal  of  one  of  the  four 
wires  and  the  change  from  two  phase  to  three  phase, 
would  bring  the  capacity  of  the  three-phase  line,  with 
the  same  drop  of  voltage,  the  same  as  that  of  the  two- 


FIG.    7 — RELATION 

BETWEEN    RECEIVER    VOLT- 

AfiE,    GENER.'VTOR    VOLTAGE 

AND    CURRENT 


phase  line,  saving  one  of  the  four  wires,  or  25  percent 
of  copper. 

But  the  advantage  of  the  three-phase,  three-wire  sys- 
tem is  not  limited  to  the  economy  in  line  conductors ;  it 
reaches  further.  The  capital  investment  is  also  reduced, 
inasmuch  as  only  three  pins,  three  insulators  and  three 
ties  are  necessary  at  each  supporting  structure :  three 
lightning  arresters,  three-pole  switches  and  fuses  are 
required  instead  of  four-pole  apparatus.  These  notable 
savings  also  extend  to  the  customer  service  and  installa- 
tion, with  corresponding  reduction  in  the  weight  of  con- 
ductors, number  of  insulators,  pins,  brackets,  entrance 
tubes,  etc.,  including  smaller  size  of  conduits  and  fit- 
tings. To  the  above  should  be  added  the  savings  in 
freight,  haulage  and  labor  of  installation. 

From  the  operating  and  maintenance  point  of  view, 
the  three-phase,  three-wire  system  increases  the  efifici- 
ency  and  the  safety,  because  decreased  weight  of  the 
conductors  reduces  the  mechanical  stresses  on  the  sup- 
porting structures,  especially  in  cases  of  storms,  sleet  or 
high  wind ;  the  contingencies  of  mechanical  and  elec- 
trical failures  of  the  insulators  or  insulation  are  reduced 
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to  tiiree-fourths  the  nuii;i>er  of  thosi'  occurriiii;  in  a 
two-phase  system. 

In  favor  of  the  single-phase  system  is  the  simplicity 
of  the  connections  and  wiring,  as  well  as  the  permanence 
of  the  balance  of  the  load.  The  two-phase  system  has 
the  advantage  of  requiring  only  two  transformers  for 
polyphase  distribution,  while  the  three-phase  system 
generally  involves  three,  although  such  a  service  can  be 
equally  well  maintained  with  only  two  transformers  con- 
nected either  open  delta  or  T.  Where  three  transformers 
are  used  in  three-phase  distribution,  it  is  possible  in  case 
of  accident  to  one  unit  to  maintain  the  service  with  the 
other  two  at  reduced  capacity.  In  two-phase  distribu- 
tion the  loss  of  one  transformer  cripples  the  installation 
entirely,  an  incident  of  serious  consideration. 

The  foregoing  reviews  briefly  the  advantages  offered 
b\  the  three-phase,  three-wire  system  of  alternating  cur- 
rent distribution.  To  these  advantages  must  be  added 
those  derived  from  such  a  system  which  offers  a  greater 
flexibility  in  its  operation  and  a  greater  number  of  poly- 
phase connections,  while  permitting  the  use  of  single- 
phase  and  two-phase  apparatus  and  motors  by  providing 
proper  taps  on  the  transformers. 


Enclosed  Induction  Motors 


O.  C.   SCHOENFELD 


IN  MANY  services  alternating-current  motors  are 
operated  in  places  where  the  atmosphere  is  laden 
with  impurities,  such  as  dust,  fumes  and  moisture, 
which  are  injurious  to  the  windings.  Where  these  con- 
ditions are  so  severe  that  the  windings  cannot  be  spe- 
cially treated  to  resist  the  action  of  the  impurities  it  is 
necessary  to  enclose  the  motors  so  that  the  impurities 
cannot  enter  them. 

Enclosed  motors  for  this  purpose  are  of  several 
different  types,  which  may  be  classed  as: — • 

Totally  enclosed  motors. 

■c     1       J         4.-I  i  J        .     „    (  Self-ventilated, 

Enclosed  ventilated  motors   ^  p^^^^^,  ventilaied. 

The  totally  enclosed  motor  is  one  in  which  all  open- 
ings are  closed  so  that  no  air  passes  through  the  motor. 

The  enclosed  ventilated  type  is  completely  enclosed, 
with  the  exception  of  an  air  inlet  and  outlet  arranged 


FIG.    I — EKCLOSED  VENTILATED  TYPE  INDUCTION    MOTOR 

Showing  air  inlet  and  outlet, 
for  pipe  attachment,  as  shown  in  Fig.  i.  Clean  air  is 
then  piped  from  an  available  source  to  the  inlet  of  the 
motor,  passed  through  the  motor  and  exhausted  into  the 
outlet  pipe,  which  carries  it  again  to  the  clean  atmos- 
phere. It  is  necessary  to  pipe  the  air  from  the  outlet 
into  the  clean  atmosphere,  so  that  when  the  motor  is  not 
running  impure  air  will  not  enter  it  through  the  outlet. 
In  the  self-ventilated  type  the  air  is  passed  through  the 
motor  and  piping  by  means  of  a  blower  mounted  within 
the  motor  on  the  revolving  member.  In  the  forced  venti- 
lated type  the  air  is  passed  through  the  motor  and  piping 
b\  means  of  an  external  blower  driven  either  by  a  small 
motor  or  from  a  pullev  on  the  motor  shaft. 

The  totally  enclosed  motor,  as  ordinarily  built,  is 
sufficiently  enclosed  to  keep  out  dust,  most  fumes,  and 
moisture  in  the  form  of  vapor  or  very  fine  spray. 
Where  the  moisture  is  in  the  form  of  a  heavy  spray,  as 
on  the  decks  of  ships,  it  is  necessary  to  use  a  spray- 
proof    motor    especially   built    with    water-tight    joints. 


These  motors  are  not  submergible  and  are  expensive 
and  difficult  to  build. 

The  totally  enclosed  motor  is  the  simplest  to  install, 
as  there  is  no  piping  necessary,  and  in  the  smaller  sizes 
is  the  most  desirable  type;  but  for  continuous  service 
the  totally  enclosed  motor  cannot  be  built  economically 
above  35  to  40  horse-power.  For  intermittent  service 
these  limits  can  be  increased  in  inverse  proportion  to  the 
length  of  the  cycle  of  operation.  This  limit  in  output  is 
due  to  the  large  size  of  frame  required  to  dissipate  the 
losses  in  the  motor. 

In  the  open  motor  the  heat  from  the  losses  in  the 
winding  and  core  is  carried  away  partly  by  air  that  is 
passed  through  the  motor  by  the  blowers  on  the  rotor, 
and  partly  by  radiation  and  convection  from  the  exter- 
nal surface  of  the  motor.  Since  no  air  passes  through 
the  enclosed  motor  the  heat  must  be  dissipated  frotn  this 


FIG.   2— REL.ATION   BETWEEN    SURFACE  AND    HORSE-POWER   OUTPUT   OF 
OPEN   AND   TOTALLY   ENCLOSED   INDUCTION    MOTORS 

type  entirely  by  radiation  and  convection  from  the  ex- 
ternal surface  of  the  motor,  and  it  has  been  found  that 
from  2  to  2.5  square  inches  of  motor  surface  are  re- 
quired for  each  watt  lost  in  the  motor  to  maintain  a 
temperature  rise  of  55  degrees  C.  for  continuous  service. 
It  is  then  necessary  to  increase  the  size  of  the  enclosed 
motor  to  give  sufficient  external  surface  to  dissipate  the 
losses.  The  comparative  amount  of  surface  of  the  open 
and  enclosed  motor  for  different  horse-power  outputs  is 
shown  by  the  curves  in  Fig.  2.  Curves  a,  b  and  c  show 
ibe  external  surface  of  standard  open  motors,  for  dif- 
ferent speeds  and  horse-powers,  while  curve  d  shows 
the  external  surface  required  for  totally  enclosed  motors 
for  practically  all  speeds.  It  is  seen  that  the  curves  for 
the  open  and  enclosed  motors  diverge  very  rapidly  as 
the  horse-power  increases,  and  that  even  at  35  horse- 
power the  increase  in  the  surface  of  the  enclosed  motor, 
and  hence  the  size  of  the  motor  relative  to  that  of  the 
open  motor,  is  very  great.     Also  these  curves  indicate 
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that  the  increase  in  surface  for  the  enclosed  motor  over 
that  of  the  open  becomes  greater  as  the  speed  increases. 

To  afford  a  better  means  for  determining  the  cause 
of  the  divergence  of  the  above  curves,  curves  e,  f  and  g 
are  given  to  show  the  square  inches  of  surface  per 
horse-power  for  different  ratings.  Curve  g  for  the  to- 
tally enclosed  motor  would  be  parallel  to  the  axis  except 
for  the  slight  increase  in  efficiency  as  the  horse-power 
increases.  Curves  e  and  /  for  the  open  motor  fall  off 
very  rapidly  as  the  horse-power  increases,  as  can  be 
accounted  for  by  studying  the  following  formulae: 

Considering  the  motor  as  a  cylinder  and  neglecting 

irregularities,  the  surface  of  the  motor  is  expressed: — 

Surface  =  2{3DL  +^D^) 
Horse-power  output  ;=  Hp  =  kd'l 

Where  d  =  diameter  of  rotor. 

D  =  diameter  of  outside  of  frame. 

/  =  length  of  core. 
L  =  length  of  motor  over  the  end  brackets. 

For  a  given  number  of  poles  the  ratio  of  L  to  /  is 
practically  a  constant,  and  the  ratio  D  to  d  is  very  nearly 
a  constant  and  will  be  considered  such  for  the  present, 
so  that, — 

Hp  =  KD'L 

Surface  per  hp  =  -'/v -—,-1 =  -;!.'  ' 

U'L  A 

This  equation  shows  that  the  surface  per  horse- 
power decreases  as  D  increases  with  the  square  root  of 
the  horse-power,  or  as  L  increases  with  the  horse- 
power. The  ratio  D  to  d  was  assumed  a  constant  in  de- 
veloping the  formula,  but  due  to  the  fact  that  the  depth 
of  the  primary  slots  does  not  increase  materially  with 
the  diameter  d,  this  ratio  decreases  with  the  horse- 
power, which  still  further  decreases  the  surface  per 
horse-power,  as  the  output  increases.  These  curves  and 
formulae  show  that  at  the  higher  ratings  the  increase  in 
size  of  the  enclosed  motor  over  that  of  the  open  motor 
is  too  great  for  practical  consideration. 

It  is  possible  to  reduce  the  size  of  the  totally  en- 
closed motor  by  increasing  its  dissipating  surface  by 
numerous  projections  or  ribs  on  the  frame  and  brackets, 
but  the  increase  in  the  cost  of  development  and  manu- 
facture of  special  parts  offsets  to  a  great  extent  the 
reduction  in  cost  due  to  the  smaller  frame.  It  is  seen, 
therefore,  that  the  field  of  the  totally  enclosed  motor  is 
limited  and  that  for  the  larger  ratings  the  ventilated 
type  must  be  used. 

The  ventilated  type  of  motor,  as  previously  defined, 
when  supplied  with  the  proper  amount  of  air,  affords 
the  same  conditions  for  taking  care  of  the  losses  in  the 
motor  as  is  obtained  in  the  open  type,  so  that  the  same 
size  frame  can  be  used  as  for  the  open  motor.  In  order 
to  provide  the  proper  size  of  piping,  and  in  the  case  of 
the  forced  ventilated  type,  the  proper  blower  outfit,  it  is 
necessary  to  know  the  amount  of  air  required  to  main- 
tain a  certain  temperature  rise  on  the  motor.  The  fol- 
lowing tests  results  are  given  to  afford  a  means  of  de- 
termining the  quantity  of  air  thus  required.  A  100 
horse-power,  three-phase,  60  cycle,  eight-pole,  440  volt, 
squirrel-cage   motor   was   arranged    for   ventilation,   as 


shown  in  Fig.  i.  The  motor  frame  was  completely  en- 
closed with  the  exception  of  a  seven-inch  inlet  in  the 
lower  part  of  one  bracket,  and  an  eight-inch  outlet  in  the 
upper  part  of  the  opposite  bracket.  On  the  inlet  end, 
the  rotor  carried  a  small  distributing  blower,  and  a 
baffle  plate  over  the  end  of  the  spider  to  prevent  the  air 
passing  directly  through  the  spider.  With  this  arrange- 
ment the  air  entering  the  motor  at  the  inlet  is  directed 
by  the  baffle  plate  and  the  blower  up  through  the  wind- 
ings on  one  end,  over  the  core,  down  through  the  wind- 
ings on  the  other  end,  and  then  exhausted  through  the 
outlet.  The  baffle  plate  in  the  spider  was  provided  with 
a  number  of  small  openings  to  allow  a  small  amount  of 
air  to  pass  through  the  rotor  core. 

Air  was  supplied  to  the  motor  by  an  external  blower 
driven  by  a  direct-current  motor,  which  permitted  speed 
adjustment  for  controlling  the  quantity  of  air.  Temper- 
ature runs  were  taken  with  different  quantities  of  air 
delivered,  and  for  each  quantity  of  air  the  load  and 
losses  were  adjusted  to  give  a  temperature  rise  of  ap- 
proximately 40  degrees   C.   on   the  primary  core    (the 
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HG.   3 — RELATION    BETWEEN    AIR   SPEED   AND    KILOWATT    LOSS    OF    AN 
ENCLOSED   VENTILATED   TYPE   OF    MOTOR 

hottest  part  of  the  motor)  at  the  end  of  a  continuous 
run.  The  velocity  head  of  the  air  in  the  inlet  pipe  was 
measured  by  means  of  a  Pitot  tube,  and  from  these 
heads  and  size  of  pipe  the  quantity  of  air  per  minute 
was  calculated.  The  direct  results  of  these  tests  are 
given  by  the  curves  in  Fig.  3.  A  run  was  also  taken 
with  the  inlet  and  outlet  closed,  giving  the  condition  of 
the  enclosed  motor  and  locating  the  point  where  curve  a 
crosses  the  axis.  As  an  enclosed  motor  the  losses  re- 
quired to  produce  40  degrees  C.  temperature  rise  were 
1.7  kw,  while  with  900  cubic  feet  of  air  per  minute  de- 
livered, the  losses  were  8.9  kw,  or  5.2  times  what  they 
were  as  an  enclosed  motor,  showing  the  great  advantage 
of  the  ventilated  motor.  The  fact  that  curve  a,  Fig.  3, 
is  not  a  straight  line  shows  that  the  losses  do  not  in- 
crease directly  with  the  quantity  of  air  delivered.  The 
two  principal  factors  which  affect  the  shape  of  this 
curve  are,  first,  the  increase  in  the  velocity  of  the  air, 
and  second,  the  change  in  the  dissipation  of  heat  from 
the  external  surface  of  the  motor.  In  order  to  show  the 
effect  of  these  two  factors,  curves  are  plotted  in  Fig.  4 
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against  the  velocity  of  the  air  over  the  primary  core. 
Curve  a,  Fig.  4,  is  plotted  on  the  cubic  feet  per  kilo- 
watt basis  for  40  degrees  C.  rise  and  is  worked  up  from 
the  losses  absorbed  by  the  air  alone.  The  losses  ab- 
sorbed by  the  air  were  calculated  from  the  rise  in  tem- 
perature of  the  air  from  inlet  to  outlet,  from  the  rela- 
tion that  0.555  watts  per  minute  raises  the  temperature 
of  one  cubic  foot  of  air  (at  atmosphere  pressure  and  25 
degrees  C.)  one  degree  C.  The  increase  in  the  cubic 
feet  of  air  per  kilowatt  with  increase  in  velocity  is  due 
to  the  fact  that  the  faster  the  air  moves  over  the  heated 
surfaces  the  less  will  be  the  heat  absorbed  by  each  cubic 
foot  of  air.  Then  by  subtracting  the  watts  absorbed 
from  the  air  by  the  total  watts  lost  in  the  motor,  the 
watts  dissipated  from  the  external  surface  of  the  motor 
were  found,  and  from  the  watts  thus  calculated  the 
watts  dissipated  per  square  inch  of  surface,  as  shown  by 
curve  h,  were  obtained.  The  watts  thus  dissipated  de- 
crease with  increase  in  the  velocity  of  the  air,  due  to  the 
fact   that   the   air   passes    between    the    external    parts 
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FIG.    4 — REL.^TION    BETWEEN    VELOCITY    OF    AIR    OVER    PRIMARY    CORE 
AND  KILOW.\TT  LOSS  AND  WATTS  DISSIPATED 

(frame  and  brackets)  from  which  dissipation  takes 
place,  and  the  core  and  windings  in  which  the  heat  is 
generated.  The  amount  of  heat  then  dissipated  from 
the  frame  and  brackets  is  received  from  the  air  within 
the  motor  and  varies  with  the  temperature  of  this  air. 
As  explained  above,  less  heat  is  absorbed  by  the  air  per 
cubic  foot  due  to  increase  in  velocity,  with  the  resultant 
lowering  of  the  temperature  of  the  air,  and  conse- 
quently a  decrease  in  heat  transmitted  to  the  frame  and 
brackets  to  be  dissipated  into  the  atmosphere.  This  is, 
of  course,  based  on  a  constant  temperature  rise  on  the 
heat-producing  parts. 

From  the  curves  a  and  b,  Fig.  4,  the  amount  of  air 
required  to  maintain  a  temperature  rise  of  40  degrees  C. 
for  continuous  service  can  be  obtained ;  curve  h  giving 
the  approximate  allowance  to  be  made  for  external  dis- 
sipation per  square  inch  of  motor  surface,  and  curve  a 
the  cubic  feet  of  air  per  minute  for  each  kilowatt  of  the 
remaining  losses  after  the  external  dissipation  is  sub- 
tracted.    These  curves  should  be  used  with  a  factor  of 


safety,  as  variation  in  motor  construction  and  distribu- 
tion of  losses  in  the  motor  will  afifect  the  results  to  some 
extent.  For  temperature  rises  of  less  than  15  degrees 
C.  above  or  below  40  degrees  it  will  be  sufficiently  ac- 
curate to  vary  the  values  from  the  curves  inversely  with 
the  temperature  rise  for  the  cubic  feet  per  kilowatt  and 
directly  with  temperature  rise  for  the  watts  dissipated 
per  square  inch. 

In  order  to  determine  the  size  of  blower  required  it 
is  necessary  to  know,  in  addition  to  the  amount  of  air 
to  be  delivered,  the  pressure  required  to  force  the  air 
through  the  motor  and  pipings.  Curve  c.  Fig.  4,  gives 
the  pressure  in  ounces  per  square  inch  required  to  force 
the  air  through  the  above  motor  at  different  velocities 
and  may  be  used  as  a  guide  for  similar  motors,  but  each 
motor  must  be  considered  on  the  basis  of  its  own  par- 
ticular conditions  that  afifect  the  pressure.  For  the  ex- 
ternal piping  the  following  formula  will  give  the  drop 
in  pressure  due  to  the  friction  of  the  piping: — 

cLV^ 
h  ^=  0.000016  —  .—  for  round  pipes. 
a 

Where  h  =  drop  in  pressure  in  ounces  per  square  inch. 
L  =  length  of  pipe  in  feet. 
y  =  velocity  of  air  in  feet  per  minute. 
d  =  diameter  of  pipe  in  feet. 
c  =  co-efficient  of   friction  which  varies  from 
0.00008  for  smooth  sheet  metal  to  o.oooio 
for  rough  pipe. 

Where  there  are  bends  in  the  piping  they  can  be  con- 
sidered in  the  above  formula  by  increasing  the  length  of 
the  pipe  by  an  amount  given  in  the  following  formula : — 


L  =  i..8sl(^y" 


Where  L  =^  equivalent  length  in  feet  of  straight  pipe. 
R  ^=  mean  radius  of  bend  in  feet. 
r  :=  inside  diameter  of  pipe. 
/  =:  length  of  bend  measured  along  the  center 
line. 

Then  the  horse-power  required  to  force  the  quan- 
tity of  air  through  the  motor  and  piping  is  found  from 
the  formula : — 

Hp  =  o.ooo272hQ 

Where  h  =  pressure  in  ounces  per  square  inch. 
Q  =  cubic  feet  of  air  per  minute. 

To  find  the  horse-power  required  to  drive  the  blower, 
the  horse-power  found  above  must  be  divided  by  the 
blower  efficiency,  which  varies  from  45  percent  for  the 
cone  type  to  65  percent  for  the  Sirocco  type.  The  horse- 
power required  in  any  case  is  very  small  compared  to 
the  output  of  the  large  motor.  For  example,  in  the 
above  test  the  watts  required  to  drive  the  blower  motor, 
when  the  large  motor  was  delivering  100  horse-power, 
was  180  watts,  or  0.24  percent  of  the  output  of  the 
motor. 

In  the  self-ventilated  motor  the  amount  of  air  is 
limited  by  the  capacity  of  the  blower  that  can  be 
mounted  within  the  motor,  and  in  the  usual  arrange- 
ment a  blower  can  be  used  only  on  one  end  of  the  rotor. 
The  blower  capacity  depends  upon  the  speed  of  the 
rotor  and  the  space  available  for  mounting  the  blower. 
In  slow-speed  motors,  then,  it  is  necessary  to  use  larger 
motors  in  proportion  to  the  open  motors  of  the  same 
rating  than  in  the  higher  speed  motors ;  and  in  any  case 
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the  self-ventilated  type  does  not  have  as  good  ventilat- 
ing conditions  as  the  open  motor,  due  to  the  limited 
space  for  mounting  the  blower.  Due  to  the  limited 
blower  capacity  the  length  of  the  piping,  inlet  and  outlet 
combined,  for  this  type  is  limited  to  approximately  25 
feet  with  an  air  velocity  in  the  inlet  pipe  not  exceeding 
1000  feet  per  minute. 

The  forced  ventilated  type  has  the  advantage  that  an 
external  blower  can  be  used  to  suit  the  conditions  of 
motor  speed  and  length  of  piping,  and  the  blower  can  be 
operated  at  its  most  efficient  speed.  With  the  external 
blower  the  cross-section  of  the  air  ducts  can  be  reduced 
to  give  air  velocities  of  from  2500  to  3000  feet  per 
minute,  and  the  quantity  of  air  can  even  be  increased 
over  that  of  the  open  motor,  making  it  possible  to  in- 


crease the  rating,  over  that  of  the  open  motor,  and  thus 
to  a  certain  extent  compensate  for  the  increased  cost  of 
installation.  In  buildings  where  a  number  of  motors 
are  installed,  one  blower  can  be  used  and  the  air  piped 
to  the  different  motors.  This  is  particularly  desirable 
where  the  source  of  clean  air  is  a  considerable  distance 
from  the  motors.  In  extreme  cases  where  clean  air  is 
not  available,  the  forced  ventilated  motor  ofifers  the  pos- 
sibility of  using  air  washers  or  air  cleansers. 

While  the  practical  limit  for  the  totally  enclosed 
motor  was  placed  at  35  to  40  horse-power,  yet  the  self- 
ventilated  type  of  motor,  where  the  length  of  piping 
does  not  exceed  25  feet,  will  usually  give  a  less  expen- 
sive installation  than  the  enclosed  motor  for  ratings  as 
low  as  15  or  20  horse-power. 


Tandem  Operation  of  Cold-Roll  Mills 


E.  S.  Lammers,  Jr. 

Industrial  Control  Division, 

Westinghouse  Electric  &  Mfg.  Company 


TANDEM  operation  of  cold-roll  mills  with  indi- 
vidual motor  drive  is  the  latest  development  in 
the  process  of  cold-rolling  steel  and  requires  a 
special  form  of  control.  These  mills,  as  a  rule,  are 
placed  from  12  to  15  feet  apart  and  the  metal  is  run 
successively  through  the  rolls  of  the  mills  in  tandem. 
Each  successive  mill  is  operated  at  a  higher  speed  than 
the  previous  one  to  take  up  the  loop  in  the  metal  be- 
tween the  mills  caused  by  its  elongation  as  it  passes 
through  the  rolls.  The  mills  are  of  different  gear  ratios, 
but  this  does  not  permit  enough  flexibility  for  cold-roll 


The  rheostats  of  all  the  mills  operating  in  tandem  should 
be  located  at  one  place  where  one  operator  can  see  all  the 
mills  and  regulate  the  loops  between  the  rolls.  This 
application  fundamentally  involves  the  use  of  a  shunt 
motor,  and  the  speed  regulation  from  no  load  to  full 
load  during  the  entire  speed  range  should  be  very  close. 
The  mills  are  started  separately,  but  all  are  arranged 
to  stop  together.  This  feature  is  necessary,  for  other- 
wise the  metal  in  the  rolls  and  the  drives  themselves 
would  be  placed  under  undue  strains.  All  the  tripping  de- 
vices of  the  controllers,  such  as  overload  relays  and  stop 
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FIG.    I — FOUR   12   INCH    C0I,D-R0I.I,ING   MULS   OPERATING   IN    TANDEM 

The  metal  travels  through  the  first  mill,  where  a  certain 
reduction  is  obtained.  The  speed  is  adjusted  by  means  of  the 
field  rheostat  shov/n  in  the  foreground.  An  attendant  takes 
hold  of  the  metal  as  it  comes  out  of  the  first  mill  and  carries  it 
to  the  second  mill,  where  another  reduction  is  obtained  be- 
tween the  rolls.  Similar  reductions  are  made  as  the  metal 
travels  through  all  the  mills.  At  the  end  it  is  wound  on  a  steel 
drum,  as  shown  in  Fig.  2.  Each  mill  is  provided  with  one 
start  and  two  stop  buttons.  One  stop  and  start  button  is 
mounted  beneath  the  field  rheostat,  while  the  other  stop  button 
is  mounted  on  the  right  of  the  control  panel.  Any  start  but- 
ton will  start  its  respective  mill,  while  any  stop  button  will  stop 
all  the  mills.  The  motors,  shown  mounted  above  the  rolls,  are 
rated  at  150  horse-power,  230  volts,  400  to  800  r.p.m. 

mills  where  a  variation  of  reduction  per  pass  is  made. 
The  additional  adjustment  is  obtained  by  using  two-to- 
one  speed  motors,  each  with  a  100  point  field  rheostat. 


FIG.   2 — FOUR   MILLS   OPERATING   IN   TANDEM 

Showing  metal  coming  out  of  last  mill  and  being  wound 
on  steel  drum. 

buttons,  are  wired  in  series.     The  mills  can  be  started 
one  after  another  to  avoid  heavy  power  demands. 

At  times  it  is  desirable  to  use  these  mills  without 
reference  to  each  other,  and  therefore  arrangements  are 
made  on  all  installations  to  change  from  tandem  opera- 
tion to  single  operation.  This  is  accomplished  by  means 
of  a  double-throw  knife  switchvto  make  the  necessary 
changes  in  the  control  circuits.  For,  two,  three  and 
four  mills  in  tandem  it  requires  three-,  five-  and  eight- 
pole  double-throw  knife  switches.  With  four  mills  oper- 
ating in  tandem  it  is  someti.nes  desirable  not  only  to 
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operate  independently,  but  in  tandem  in  pairs.  This 
arrangement  is  made  by  the  use  of  two  four-pole  double- 
throw  knife  switches,  instead  of  the  eight-pole  double- 
throw  knife  switch.  For  example: — With  both  switches 
closed  in  the  down  position  the  mills  can  be  operated 
independently ;  with  one  of  the  switches  closed  in  the  up 
position  and  the  other  in  the  down  position,  the  mills 
can  be  operated  in  tandem  in  pairs;  and  with  both 
switches  closed  in  the  up  position,  the  mills  can  all  be 
operated  in  tandem.  If,  in  changing  to  the  tandem  oper- 
ation in  pairs,  the  wrong  switch  is  closed  in  the  up  posi- 
tion, no  damage  is  liable,  as  none  of  the  mills  can  be 
started  with  the  change-over  switches  closed  in  that 
combination. 

These  mills  are  normally  non-reversing,  but  each 
controller  is  provided  with  a  field  reverse  switch  to  re- 
verse the  motor  in  an  emergency,  such  as  when  a  piece 
of  metal  becomes  stuck  in  the  rolls  and  it  is  desirable  to 
back  it  out.  As  an  extra  precaution  a  third  pole  is 
added  to  this  switch  and  is  wired  in  the  overload  relay 
and  stop-button  circuits  to  stop  the  motor  if  the  switch 
is  opened  while  the  motor  is  running  and  to  make  it  im- 
possible to  start  the  motor  if  the  switch  is  open.  It  is 
cheaper  to  add  the  third  pole  to  this  knife  switch  than 
to  use  the  plunger  type  interlock  on  knife  switches  of 
this  size.  A  40  ampere  series  switch  with  blowout  is 
provided    to    short-circuit    the    field    resistance    during 


starting.  The  coil  of  this  relay  is  wired  in  the  starting 
circuit  and  is  cut  out  when  the  last  resistance  switch  is 
closed.  This  relay  has  been  used  on  installations  up  to 
200  hp. 

The  controllers  are  supplied  with  a  time-element 
device  to  follow  behind  the  current  limit  relays.  The 
mills  normally  start  light  and  accelerate  rapidly.  How- 
ever, there  are  times  when  the  metal  sticks  in  the  rolls 
and  acceleration  under  such  conditions  with  current- 
limit  devices  would  be  unreHable,  as  the  current  may  not 
drop  low  enough  to  allow  the  series  relays  to  close  and 
bring  in  the  resistance  switches.  For  this  reason  a 
time-element  device  is  added  to  make  the  acceleration 
positive. 

The  first  time-element  used  was  a  dashpot  relay 
having  contacts  to  shunt  the  series  relay  contacts  when 
closed.  The  coil  of  this  relay  was  energized  through  an 
interlock  by  the  switch  which  actuated  the  series  relay. 
The  disadvantage  of  the  dashpot  relay  scheme  is  that 
an  additional  interlock  and  relay  is  required  for  every 
accelerating  switch.  This  scheme  has  been  replaced  by 
a  motor-operated  drum,  which  is  simple  and  rugged  in 
construction  and  reduces  interlocks  to  a  minimum. 

In  conclusion,  it  may  be  said  that  the  use  of  the 
motor-operated  drum  gives  this  special  form  of  control 
for  cold-roll  mills  a  simple,  rugged,  effective  and  cheap 
combination,  reducing  upkeep  and  repairs  to  a  minimum. 


Pitch  Diameter  of  V-Grooved  Pulleys 


C.  A.  M.  Weber 


DETERMINATION  of  the  working  diameter  or 
pitch  diameter  of  a  V-grooved  pulley  usually  in- 
volves drawing  it  to  scale  or  measuring  the  diam- 
eter over  the  belt  with  a  pair  of  calipers  and  then  sub- 
tracting the  diameter  of  the  belt.  The  former  method 
requires  time  and  a  number  of   drawing  instruments. 
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In  Fig.  I,  which  shows  the  most  widely  used  form 
of  V-grooved  pulley  with  belt,  and  Fig.  2,  an  enlarged 
drawing  of  the  same  groove  and  belt,  let, — 

D  ^=  tliametcr  at  bottom  of  groove  in  inches. 

d  =  diameter  of  belt  in  inches. 

S  :=  angle  between  sides  of  pulley. 

PD  =  pitch  diameter  in  inches. 

Then  PD  =  D  +  2  bo  =:  D  +  2  {ao  —  ab) 
But  ao  =  


cb 

e 

tan  - 


Then  PD  =  D  +  2 


( 

\  sm 


and  since  d  ^:  2  ot  and  ce 
PD  =  D  +   — ^ 


2  cb 


FIG.    I  FIG.   2 

Fig.  I — V-grooved  pulley  with  belt. 
Fig.  2 — Same  groove  and  belt  enlarged. 

while  the  latter  requires  a  pulley,  a  belt  and  a  pair  of 
calipers.  A  simpler  and  more  convenient  method  in- 
volves the  use  of  a  formula  only,  which  is  derived  as 
follows : — 


When  e  =  60  degrees,  PD  =z  D  +  2d  —  y/s  <:« 
When  e  =  45  degrees,  PD  =  £»-{-  2.6id  —  2.4ice 

Thus,  for  s/16  inch  diameter  belt  and  3/32  inch 
width  of  groove  at  bottom,  when  6  =  60  degrees, 
PD  =  D  +  0.46  inch,  and  when  6  =  45  degrees,  PD  = 
D  +  o.ss  inch. 


Effect  of  Direction  of  Grain  on  Magnetic 
Properties  of  Silicon  Sheet  Steel 


L.  W.  Chubb  and  T.  Spooner 

Research  Engineering  Dept., 

Westinghouse  Electric  &  Mfg.  Company 


IT  HAS  been  known  for  some  time  that  if  a  magnetic 
flux  is  caused  to  pass  through  a  sheet  of  steel  parallel 
to  the  direction  in  which  the  sheet  was  rolled,  the  ma- 
terial will  appear  to  have  different  hysteresis-loss  and 
permeability  characteristics  than  is  the  case  if  the  flux 
passes  through  in  some  other  direction,  but  little  quan- 
titative data  have  been  published  on  this  subject.  During 
the  past  few  years  a  large  number  of  tests  have  been 
made  on  silicon  steel  with  a  view  of  determining  the 
magnitude  of  this  effect.  Three  directions  of  grain  were 
investigated  by  the  authors ; — with  the  flux  parallel  to, 
with  the  flux  perpendicular  to,  and  with  the  flux  making 
an  angle  of  45  degrees  with  the  direction  of  sheet  rolling. 

TEST    METHODS 

The  relation  between  the  parallel  and  the  perpendic- 
ular directions  of  grain  was  first  investigated.     Samples 
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Fig  3 

FIGS.   I,  2  and  3 — METHOD  OF  CUTTING   S.\MPLES    FROM 
MET.\L    SHEETS 

A — Parallel ;  ,  P — Perpendicular  ;   D — Diagonal. 

from  234  lots,  representing  over  three  million  pounds  of 
silicon  steel,  were  tested.  The  steel  had  a  nominal 
thickness  of  0.014  in.  (0.0356  cm).  Four  sheets  were 
taken  from  each  lot  and  sheared  into  strips  50  by  3  cm, 
as  shown  in  Fig.  i.  The  parallel  strips  were  marked  A 
and  the  perpendicular  strips  P.  A  five-kilogram  sample 
was  made  up  from  both  the  A  and  P  strips  for  watt  loss 
tests,  and  an  average  one-kilogram  sample  of  each  for 
permeability  tests.  Watt  loss  tests  were  made  at  an 
induction  of  10  000  gausses,  60  cycles  by  means  of  a 
standard  Epstein  apparatus.  Permeability  tests  were 
made  at  inductions  of  6000,  10  000  and  16000  gausses 
by  means  of  a  Burrows  apparatus.*  After  completing 
tests  on  the  samples  as  received,  they  were  annealed  and 


again  tested.  They  were  then  reannealed  and  given  a 
final  test.  The  original  sheets  had  been  given  one  an- 
nealing at  the  mills. 

After  having  completed  the  perpendicular  grain  tests 
samples  were  taken  with  the  grain  diagonal  from  89 
lots,  representing  over  one  million  pounds  of  steel. 
Four  sheets  were  taken  from  each  lot  and  sheared  into 
strips,  as  shown  in  Fig.  2.  The  parallel  strips  were 
marked  A  and  diagonal  D.  The  treatment  and  tests 
were  the  same  as  for  the  perpendicular  strips. 

TEST    RESULTS 

The  results  of  the  tests  on  these  samples,  expressed 
in  percent,  are  as  given  in  Tables  I  to  VI : — 

TABLE  I— PERCENT  DECREASE  IN  WATT  LOSS  DUE 
TO   ANNEALING  FOR  A   AND  P   SAMPLES 


Treatment 

No.  of  Samples 

A 

P 

First  Anneal 
Second  .'Anneal 

Total 

234 
^34 

9  3 
3  5 

12.5 

7  5 
2.8 

10. 1 

TABLE  11— PERCENT  DECREASE  IN  WATT  LOSS  DUE 
TO  ANNEALING  FOR  A  AND  D  SAMPLES 


Treatment 

No.  of  Samples 

A 

D 

First  Anneal 
Second  Anneal 

Total 

89 
*8i 

10.6 
1-9 

12,3 

8.4 
1-5 

9.8 

*Some  of  the  second  anneal  samples  were  omitted,  as  they 
were  bent  in  annealing. 

TABLE  III— PERCENT  WATT  LOSS  OF  P  AND  D  SAM- 
PLES WITH  RESPECT  TO  THE  LOSS  OF 
THE  A  SAMPLES 


Treatment 

P 

D 

As  received 
First  Anneal 
Second  .-Xnneal 

112. 0 

114. 2 
114  9 

102.8 
105.6 
107.0 

TABLE  IV— PERCENT  INCREASE  OF  PERMEABILITY 
DUE  TO  ANNEALING  FOR  A  AND  P  SAMPLES 


*Described    in    Technical    Paper    117    of    the    Bureau    of 
Standards. 


Treatment 

B  =  6000 

B  =  10  000 

B  =  16  000 

^ 

P 

A 

P 

A 

P 

First  .Anneal 
Second  Anneal 

Total 

14.9 
96 

29.7 
03 

30  I 

36.8 
13  0 

54  5 

39-4 
5-3 

5-2 

—25 
2.6 

~  I   7 

2.8 

I .  I 

26.0 

46.8 

*A11  totals  are  based  on  material  as  received. 
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TABLE  V— PERCENT  INCREASE  OF  PERMEABILITY 
DUE  TO  ANNEALING  FOR  A  AND  D  SAMPLES 


Treatment 

B  = 

6  000 

B  =  10  000 

B  = 

6  000 

A 

D 

A 

D 

A 

D 

First  Anneal 
Second  Anneal 

Total 

21    6 

10  5 
34  4 

18.5 
63 

25.8 

44-5 
13  3 

63  7 

33  0 
II  0 

47  "5 

-4-5 
-5-5 

-9-8 

-7.0 
-10.0 

-16  ,^ 

TABLE  VI— PERCENT  PERMEABILITY  OF   P  AND  D 
SAMPLES  WITH  RESPECT  TO  THE  PERMEA- 
BILITY OF  THE  A  SAMPLES 


Treatment 

B  =  6  000 

B  =  ID  000    !     B  =  16000 

P 

D 

P 

D 

P 

D 

As  Received 
First  Anneal 
Second  Anneal 

71.0 
80.7 
73.8 

87.8 
85-5 
82.2 

70.4 
71  7 
66  8 

94.6 
87.0 
85  I 

76.2 
72.2 
76  0 

II3-2 

no  2 
105  0 

In  order  to  obtain  a  more  detailed  knowledge  of  the 
effect  of  grain,  several  sheets  were  taken  from  a  typical 
lot  of  silicon  steel  and  strips  cut  from  each  sheet,  as 
shown  in  Fig.  3.  Epstein  samples  were  made  up  from 
each  kind  of  strips,  and  then  each  sample  was  built  into 
the  Epstein  apparatus  with  alternate  lap  and  butt  joints. 
Watt  loss  and  magnetization  curves  were  then  obtained, 
as  shown  in  Figs.  4  to  7.  Later  hysteresis  loops  were 
taken  to  compare  the  shape  of  the  loops  for  parallel 
grain  with  those  for  perpendicular  and  diagonal  grain. 
Fig.  8  compares  the  loops  of  ^  and  P  cut  from  the 
same  sheets,  and  Table  VII  shows  that  the  hysteresis 
losses  for  the  perpendicular  P  sample  exceed  those  of 
the  parallel  A  sample  by  19  and  20  percent  by  ballistic 
and  alternating-current  test,  respectively. 
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alternating-current  test.  It  is  unfortunate  that  the  loops 
of  Figs.  5  and  6  were  taken  from  different  heats  of  steel. 
Although  the  comparison  with  the  parallel  grain  sample 
is  valid  in  each  case  no  comparison  between  the  per- 


FIG.  4 — EFFECT  OF  DIRECTION   OF  GKAIN  ON  IRON  LOSS   OF 
SILICON   STEEL 

Material  as  received. 
The  hysteresis  loops  of  A  and  D  samples  cut  from 
the  same  sheets  of  steel  are  compared  in  Fig.  6.  The 
data  in  Table  VIII  shows  the  hysteresis  loss  of  the  diag- 
onal sample  to  be  0.6  percent  higher  than  the  parallel 
sample  by  ballistic  test,  and  about  four  percent  lower  by 
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FIG.    5 — EFFECT    OF    DIRECTION    OF    CR.MN    ON    IRON    LOSS    OF 
SILICON    STEEL 

Material  annealed. 
pendicular  and  diagonal  samples  is  possible  because  of 
the  difference  between  the  parallel  A  samples  in  ihe  two 
cases.  On  the  average,  the  losses  in  diagonal  grain  sim- 
ples will  be  found  to  be  from  two  to  seven  percent 
higher  than  the  parallel  grain  losses,  as  shown  by  the 
early  tests  on  89  lots  of  steel. 

In  the  results  shown  in  Tables  VII  and  VIII 
the  eddy-current  loss  was  obtained  by  subtracting 
the  hysteresis  loss,  as  calculated  from  the  hysteresis 
loop,  from  the  combined  loss  as  obtained  by  wattmeter. 
It  was  assumed  that  the  eddy-current  loss  was  the  same 
TABLE  VII 


Sample 

Alternating-Current  Test 
Watts  per  Kilogram 

Ballistic  Test 
Watts  Per  Kilogram 

Total 

Eddy  Currents 

Hysteresis 

Hysteresis 

Obs. 

Mean 

A.... 
P.... 

1. 81 
2.13 

0.22 
0.24 

0.23 
0.23 

1-58    • 
1.90 

I  59 
1.89 

TABLE  VIII 


Sample 

Alternating-Current  Test 
Watts  Per  Kilogram 

Ballistic  Test 
Watts  Per  Kilogram 

Total 

Eddy 

Obs. 

Currents 
Mean    Hysteresis 

Hysteresis 

A.... 
D... 

1.87 
1.80 

0.27 
0.19 

0.23 
0.23 

1.64 
1-57 

1.60 
1. 61 

no  matter  what  the  direction  of  grain.  The  eddy-current 
loss  for  the  A  and  P  ox  A  and  D  samples  of  a  lot  was 
averaged  and  subtracted  from  the  alternating  loss  to 
get  the  hysteresis  loss  from  the  alternating-current  test. 

DISCUSSION  OF  RESULTS 

It  will  be  seen  from  Tables  I  and  II  and  III  and  IV 
that  the  A  samples  do  not  show  quite  the  same  per- 
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centage  change  due  to  annealing  for  each  pair  of  tables. 
The  tests  were  made  six  to  eight  months  apart,  and  this 
difference  is  undoubtedly  due  to  changes  in  material  and 
heat  treatments.     The  samples  were  annealed  in  large 


I'lG.    6 — El'l-'ECT   OF   DIRECTION   OF   GRAIN    ON    PERMEABILITY    OF 
SILICON    STEEL 

Material  as  received, 
furnaces   with  regular  charges  of   sheet  steel   and  the 
heat  cycles  were  subject  to  more  or  less  variation. 

There  is  very  little  difference  in  the  A  and  D  hys- 
teresis loops  of  Fig.  9.  but  these  were  obtained  on  sam- 
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FIG.  7 — EFFECT  OF  DIRECTION  OF  GRAIN  ON   PERMEABILITY  OF 
SILICON    STEEL 

Material  annealed, 
pies  "as  received."     It  will  be  noted  from  Tables  III 
and  VI  that  at  S  =  10  000  under  these  conditions  the 
A  and  D  samples  on  the  average  are  not  far  different 
from  each  other. 


From  the  magnetization  curves  of  Figs.  6  and  7  it 
will  be  noted  that  the  diagonal-grain  sample  has  consid- 
erably higher  permeability  at  the  high  inductions  than 
the  other  two.  This  is  in  line  with  the  average  values 
s:iven  in  Table  VI. 


FIG.    8 — EFFECT    OF    DIRECTION    OF    GRAIN    ON    SHAPE    OF 
HYSTERESIS    LOOP 

The  assumption  in  preparing  Tables  VII  and  VIII, 
that  the  eddy-current  losses  were  the  same  independent 
of  the  direction  of  grain,  is  based  on  the  fact  that,  as  far 
as  is  known,  no  one  has  ever  been  able  to   find  any 


FIG.    9 — EFFECT   OF    DIRECTION    OF    GRAIN    ON    SHAPE   OF 
HYSTERESIS    LOOP 

Composite  sample, 
appreciable  difference  in  the  resistance  of  sheet  steel  for 
diiiferent  directions  of  grain.     For  this  reason  it  seems 
entirely  probable  that  the  difference  in  losses  with  direc- 
tion of  grain  is  due  to  a  change  in  hysteresis  alone. 
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CONCLUSIONS 

I — The  watt  loss  of  the  perpendicular  P  and  diag- 
onal D  samples  was  not  so  greatly  improved  by  anneal- 
ing as  was  that  of  the  parallel  A  grain  samples. 

2— With   respect   to   permeability,   the   P   samples 
were  improved  by  annealing  about  as  much  as  the  A 


6 — In  transformers  the  grain  usually  runs  parallel 
or  at  an  angle  of  45  degrees  with  the  direction  of  flux. 
A  test  on  a  composite  sample  of  steel  cut  half  parallel  to 
the  grain  and  half  perpendicular  may  give  no  indication 
of  the  quality  of  the  steel  with  the  grain  cut  at  an  angle 
of  45  degrees,  and  will  often  give  a  value  far  frojn 
the  parallel  grain  quality.    For  this  reason  it  would  seem 


samples,  but  the  D  samples  were  not  so  much  improved      i,-,a(jvisable  to  sample  silicon  steel  in  this  way  as  recom 


by  annealing  as  were  the  A  samples. 

3— The  difference  between  the  A,  P  and  D  samples 
is  a  function  of  the  heat  treatment,  as  well  as  the  direc- 
tion of  rolling.  This  is  especially  evident  in  Table  III, 
showing  watt  loss. 

4— Perhaps  the  most  interesting  feature  of  the  data 
presented  is  the  fact  that,  while  the  P  samples  show  a 
fairly  uniform  percentage  difference  in  permeability 
from  the  A  samples  at  the  different  inductions,  the  D 
samples  are  lower  at  6000  and  10  000  gausses  and  higher 
at  16  000  gausses. 

5 — From  an  examination  of  the  individual  tests  (the 
results  of  which  obviously  could  not  be  included  here) 
it  develops  that  occasionally  the  watt  loss  or  permea- 
bility for  the  diagonal  grain  sample  may  be  superior  to 
that  of  the  parallel  grain  sample  cut  from  the  same 
sheet. 


mended  by  the  American  Society  for  Testing  Materials. 
If  other  than  parallel  grain  data  is  required  it  should  be 
obtained  on  a  sample  sheared  with  the  grain  in  the  same 
direction  as  it  is  to  be  used.  It  is  usually  satisfactory 
to  make  all  tests  with  the  grain  parallel  to  the  flu.K  and 
then  use  a  factor  if  the  material  is  to  be  used  under 
other  conditions. 

7 — Distributing  transformers,  which  in  general  are 
built  of  L  plates  having  the  grain  at  an  angle  of  45 
degrees  with  the  flux,  for  reasons  of  economy  in  punch- 
ing, may  have  their  iron  losses  satisfactorily  calculated 
by  adding  five  or  six  percent  to  the  parallel  grain  test 
losses. 

8 — Whenever  it  is  possible  to  avoid  it,  silicon  sheet 
steel  should  not  be  used  with  the  induction  perpendic- 
ular to  the  direction  of  grain,  since  the  magnetic  proper- 
ties under  this  condition  arc  not  as  good. 


^III^EEMEM(^ 
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Conducted  by  R.  H.  WILLARD 

ini — To  connect  theory  and  practice 


Sparking  on  Self-Starting  Converters 

When  a  self-starting,  commutating-pole  converter  is  started 
it  is  customary  to  raise  the  direct-current  brushes  to  avoid  bad 
sparking.  The  converter  is  started  by  applying  a  low  voltage 
to  the  armature  with  no  field  excitation.  Being  a  polyphase 
winding,  the  armature  produces  a  rotating  magnetic  field  (like 
an  induction  motor  primary),  which  reacts  on  the  short-circuited 
damper  bars  placed  in  the  pole  faces  and  causes  the  armature 
to  rotate.    The  rotating  armature  flux  not  only  cuts  the  damper 


bars,  but  also  the  armature  conductors  and  generates  in  them  a 
counter  e.m.f.  In  a  commutating-pole  converter  the  coils  whose 
commutator  segments  are  under  a  brush  are  directly  under  the 
commutating  pole.  This  gives  a  path  of  low  reluctance  for  the 
armature  flux  around  the  path  A,  Fig.  i,  so  that  when  a  pole  of 
the  rotating  field  passes  under  a  commutating  pole  a  large 
flux  flows  through  path  A.    This  flux  cuts  the  conductors  C  C 


and  induces  a  voltage  in  them.  These  conductors,  however,  are 
being  short-circuited  by  the  brush,  so  that  a  heavy  local  current 
flows  through  the  coil,  as  shown  in  Fig.  2.  As  the  armature 
moves,  the  brush  breaks  this  current  and  causes  a  bad  spark. 
The  rotating  field  also  cuts  the  conductors  under  the  main  pole, 
as  at  B,  but  as  these  conductors  are  not  short-circuited  no 
current  flows,  due  to  this  generated  e.m.f.,  which  acts  merely 
as  a  counter  e.m.f. 

This  trouble  is  not  so  bad  with  non-commutating  pole  con- 
verters, as  the  coils  undergoing  commutation  are  between  poles 
and  the  magnetic  path  through  these  coils  has  a  very  high  re- 
luctance, so  that  very  little  flux  is  developed. 


Operation  of  a  50  Cycle  Transformer  on  25  Cycles 

In  a  transformer  the  resistance  and  reactance  drops  are 
very  small,  so  that  the  counter  e.m.f.  is  very  nearly  equal  to  the 
line  e.m.f.  The  counter  e.m.f.  is  proportional  to  the  rate  of 
change  of  flux.  In  a  given  transformer  the  counter  e.m.f.  is 
proportional  to  the  product  of  the  flux  density  and  frequency. 

£c  a  Bf  or  B  a    j- 

1 
If  the  frequency  is  changed  without  changing  voltage,  B  «  -r-so 

that  doubling  the   frequency  halves   the   flux   density  and  vice 

versa.    Power  loss  in  hysteresis  is  Ph  a  fB'-^,  or  since 

I  }  I 

B    ex     -J  ,  Ph    K    riTi     «    STT6 

so  that  hysteresis  loss  varies  inversely  as  the  0.6  power  of  the 
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WARD  LEONARD 


Enamelled 
Resistance  Units 

are  made  in  many  sizes.  By  means 
of  the  vitreous  enamel  insulating 
material  and  glaze  it  is  possible  to 

put  3000  ohms  resistance  in  a  unit  A"in  diameter  by  l"'s"  long. 
One  of  these  units  will  be  sent  gratis  to  any  engineer 

writing  for  same  and  stating  the  purpose  for  which  such  a 

vitreous  enamelled  unit  is  of  interest. 

CONSTRUCTION 


Each  unit  is  composed  of  a  porcelain  tube  wound  with 
a  special  resistance  wire  of  practically  zero  temperature 
co-efficient.  Tbe  tube  after  being  wound  with  wire  is 
covered  with  a  vitreous  enamel  which  holds  the  wire 
firmly  in  place.  Tbe  copper  connecting  wires  or  terminal 
leads  consist  of  round  copper  braids  each  composed  of 
a  Inrge  number  of  flexible  copper  wires.  Grounding  is 
absolutely  impossible  as  the  support  is  composed  of  the 
most   perfect    insulating   material. 


The  finest  wire  when  properly  embedded  in  the  special 
enamel  used  for  these  Ward  Leonard  resistance  units  is 
entirely  free  from  any  mechanical  strain  due  to  the 
beating  and  cooling  and  is  perfectly  protected  against 
all  oxidation  or  other  chemical  depreciation,  such  as  is 
invariably  met  with  where  fine  wires  are  exposed  to 
the  air  at  any  part  of  their  length  or  are  embedded  in 
any  materials  such  as  cement,  japan,  shellac  or  any 
other  insulating  material  thus  far  used,  with  the  single 
exception   of  enamel. 


Ward  Leonard  Electric  Co.,  Mt.  Vemon,  n.  y. 


/- 

frequency.     Eddy-current  loss  is  Pe  «  pB^  " 

pendent  of  frequency  variations.  If  a  50  cycle  transformer  be 
run  on  25  cycles,  the  hysteresis  loss  is  increased  s"'^  times  and 
the  transformer  will  run  hot  at  no  load.  This  increased  flux 
density  also  requires  a  much  larger  magnetizing  current,  even 
if  the  iron  does  not  become  saturated,  and  as  the  iron  in  an 
ordinary  transformer  is  very  liable  to  become  saturated  at  the 
double  flux  required  at  half  frequency,  the  operation  is  not  at 
all  satisfactory. 


Connection  of  Three-Phase  Shell  and 
Core-Type  Transformers 

In  three-phase,  shell-type  transformers  the  middle  phase  is 
always  reversed  on  both  primary  and  secondary  sides  This  is 
on  account  of  the  flux  relations  in  the  core.  Fig.  i  shows  a  sec- 
tion of  a  shell-type  transformer  without  the  phase  reversed. 
Let  the  vector  figure  represent  the  fluxes  in  the  three  phases, 
their  instantaneous  values  being  represented  by  the  projection  of 
the  vectors  on  the  vertical  line.  At  the  instant  shown,  flux  A 
is  a  positive  maximum,  B  and  C  are  half  value  negative.  Sup- 
pose that  positive  direction  of  flux  is  to  the  right  between  the 
coils.  The  flux  will  circulate  as  shown  by  the  arrows.  The 
fluxes  between  A  and  B  add,  giving  a  flux  of  1.5  times  the  maxi- 
mum of  one  phase.  Fig.  2  shows  the  vector  position  an  instant 
later,  when  flux  C  is  0.866  full  value  positive,  and  flux  B  is  0.866 
full  value  negative.  These  add  between  B  and  C,  giving  a  flux 
of  1.732  through  the  iron.  Figs.  3  and  4  show  corresponding 
conditions  with  phase  B  reversed.  In  this  case  the  iron  between 
phases  is  at  no  time  carrying  more  than  the  maximum  flux  of 
one  phase.    By  connecting  in  this  way  a  high  flux  density  in  the 


Cm)Cm)(M) 


iron  between  phases  is  avoided.     The  connections  are  generally 
made  by  jumpers  on  the  terminal  board  of  the  transformer. 

Care  must  be  taken 
not  to  reverse  a  phase 
of  a  core-type  trans- 
former. Assume  that 
positive  flux  is  up  in 
Figs.  5  and  6.  It  will  be 
noticed  that  with  phases 
uncrossed.  Fig.  5,  all  the 
flu.K  going  up  in  one  path 
comes  down  through  the 
other  two;  while  with 
one  phase  crossed.  Fig. 
6,  more  flux  tends  to 
flow  up  than  down.  Since 
in  a  three-phase  circuit 
the  algebraic  sum  of  all 
the  e.m.f.'s  is  zero  at 
every  instant,  the  sum  of 
the  counter  e.m.f.'s  must 
be  zero,  making  the  sum 
of  the  fluxes  zero.  This 
means  that  all  the  flux 
that  goes  in  the  positive 
direction,  up,  must  re- 
turn in  the  negative  di- 
rection, down ;  if  the 
coils  are  not  connected 
so  as  to  produce  this  condition,  the  counter  e.m.f.'s  of  the 
])hases  will  not  bo  lialameil  and  a  heavy  unbalanced  current 
will  flow. 
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1327 — Speed    of    Rotary    Converter— 

We  have  two  250  kw,  shunt-wound, 
two-phase,  25  cycle,  150  volt,  375 
r.p.m.  rotary  converters  which  are 
started  by  means  of  a  small  induction 
motor  on  the  end  of  the  shaft.  The 
speed  is  regulated  by  varying  the  iron 
losses,  i.  e.,  by  varying  the  field  ex- 
citation. The  machine  is  started  with 
all  resistance  cut  out  of  field  rheo- 
stat, and  speed  is  regulated  by  cutting 
in  field  resistance.  It  is  found  that 
when  about  one-third  of  the  field  re- 
sistance is  cut  in  the  machine  comes 
up  to  synchronous  speed,  but  by  mov- 
ing the  rheostat  handle  beyond  this 
point  the  speed  suddenly  diminishes 
until  the  resistance  is  about  three- 
fourths  cut  in,  when  it  again  reaches 
synchronous  speed.  Can  you  explain 
the  above?  Why  does  the  machine 
reach  synchronous  speed  for  two  po- 
sitions of  the  field  rheostat  handle. 
B.  L.  (new  York) 

We  assume  that  the  converter  is 
started  and  brought  partly  up  to  speed  as 
a  self-excited  machine  (the  shunt  field 
rheostat  being  all  cut  out)  by  means  of 
the  direct-connected  induction  motor. 
.''Lfter    connecting   to    the    direct-current 


FIG.  1327  (a),  (b),  (c)  and  (d) 

line  the  driving  motor  is  cut  off  and  the 
converter  runs  as  a  shunt  motor,  its 
speed  being  determined  by  means  of  the 
shunt  field  excitation.  Assuming  at  the 
time  of  starting  the  connection  is  as  per 
Fig.  1327(^3),  and  as  the  contact  arm  on 
the  rheostat  is  moved  resistance  is  cut 
in,  thereby  reducing  the  field  ampere 
turns  and  speeding  up  the  converter 
armature.  When  some  intermediate  po- 
sition of  the  contact  arm  of  the  rheostat 
is  reached  (depending  upon  how  the 
successive  rheostat  contacts  are  graded 
as  to  resistance),  such  as  one-third 
around  as  mentioned,  the  correct  amount 
of  resistance  is  inserted  in  the  field  cir- 
cuit to  give  synchronous  speed.  If,  as 
per  Fig.  1327(b),  a  section  of  the  rheo- 
stat has  become  short-circuited,  then  as 
the  contact  arm  is  rotated  farther,  the 
resistance  of  the  rheostat  would  begin 
to  be  cut  out.  This  would  gradually  re- 
duce the  speed  of  the  rotary  until  the 
contact    arm    was    over    the    short-cir- 


cuited point  A  on  the  rheostat,  when  the 
same  conditions  would  be  had  as  in  Fig. 
1327(a) — all  resistance  cut  out.  By  ro- 
tating the  arm  of  the  rheostat  still  fur- 
ther, resistance  would  again  begin  to  be 
cut  in  until  at  some  point  (say  two- 
thirds  around)  the  proper  resistance 
would  be  cut  in  to  give  synchronous 
speed.  If,  as  mentioned  in  the  query, 
the  speed  of  the  converter  suddenly  falls 
off  after  rotating  the  arm  of  the  rheo- 
stat, beyond  the  point  where  synchron- 
ous speed  is  obtained,  the  rheostat  un- 
doubtedly has  an  open  circuit  as  well  as 
a  short-circuit — one  of  the  resistance 
coils  become  broken  and  fallen  across 
as  per  Fig.  1327(c).  This  would  mean 
that  if  the  proper  resistance  were  in 
circuit  to  give  s>Tichronous  speed  of  the 
converter  when  the  contact  arm  was  at 
point  A,  when  moving  across  to  point 
B,  all  of  the  resistance  would  be  at  once 
removed,  and  the  speed  of  the  converter 
suddenly  fall  off.  By  rotating  the  arm 
of  the  rheostat  still  farther,  resistance 
would  be  again  cut  in  until  at  some 
point  (such  as  two-thirds  around) 
proper  resistance  would  again  be  in- 
serted to  give  synchronous  speed.  To 
check  this,  rotate  the  arm  of  the  rheo- 
stat all  the  way  around  until  all  resist- 
ance is  cut  in,  as  in  Fig.  1327(d).  Im- 
press a  constant  voltage  upon  it  from 
some  external  source  (generator  or  bat- 
teries) and  insert  a  voltmeter.  Slowly 
rotate  the  arm  of  the  rheostat  back- 
wards (cutting  out  resistance)  and  the 
voltmeter  will  indicate  the  point  of 
trouble  on  the  rheostat.  R.  H.  N. 

1328  —  Induction   Generator — (a)    At 

what  speed  would  an  induction  motor 
rated  at  1000  horse-power,  no-load 
speed  600  r.p.m.,  slip  estimated  at  0.5 
percent,  have  to  be  driven  as  a  gener- 
ator to  develop  1000  horse-power? 
(b)  What  is  the  minimum  size  of  syn- 
chronous generator  required  to  fur- 
nish the  excitation  for  the  operation 
of  the  above  motor,  assuming  a 
power-factor  of  94  percent  and  slip  of 
0.5  percent?  R.  B.  G.  (cauf.) 

(a)  A  motor  as  described  probably 
would  have  at  least  93  percent  efficiency. 
To  give  an  electrical  output  of  1000 
horse-power  it  would  have  to  be  driven 

0-5 

=  0.537  perceni 

100.537 
ous  speed.    This  equals  — --- —  X  600  = 

603.2  r.p.m.  From  this  you  will  note 
that  great  care  must  be  used  in  this  con- 
nection regarding  the  prime  mover 
which  drives  the  induction  motor,  as  to 
speed  regulation.  A  prime  mover  which 
carries  no  load  at  600  r.p.m.  and  full 
load  at  603.2  r.p.m.  would  be  regulating 
more  closely  than  is  usually  expected 
Caution  is  necessary  on  this  point. 
From  600  r.p.m.  to  600.037  r.p.m.  the  in- 
duction motor  is  acting  as  neither  motor 
nor  generator,  but  is  absorbing  power 
both  electrically  and  mechanically  in 
changing  proportions  to  make  up  for  its 


internal  losses  of  7  percent  as  assumed. 
Before  attempting  operation  as  sug- 
gested it  would  be  wxU  to  get  expert 
advice  from  operators  who  are  usiqg  in- 
duction generators  in  this  way.  (b) 
This  depends  on  the  magnetizing  cur- 
rent of  the  motor,  and  this  varies  widely 
with  the  number  of  poles.  It  might  be 
as  low  as  15  percent  of  the  full-load 
current  on  a  high-speed  motor,  or  as 
high  as  40  percent  on  a  low-speed  motor. 
With  94  percent  power-factor  the  total 
wattless  component  would  be  34  percent 
of  the  input,  .^s  a  rough  approxima- 
tion this  would  be  two-thirds  magnetiz- 
ing component  and  one-third  leakage. 
This  would  make  the  magnetizing  2/3 
X  34  :=  22.6  percent,  and  the  synchron- 
ous e.xciter  would  have  to  furnish  about 
22.6  percent  of  the  total  current  in  the 
induction  generator.  .\.  M.u. 

1329 — Magnet  Operation —  Referring 
to  Fig.  1329(3),  sliowing  a  magnetic 
circuit  of  laminated  iron  linked  with 
coils,  one  of  wire  winding,  the  other 
a  single  conductor  or  copper  sleeve. 
Alternating  current  connected  to  the 
wound  coil  causes  the  sleeve  to  move 
away  from  the  wtfund  coil.  The  sleeve 
in  this  case  is  pivoted  at  point  .1  and 


FIG.  1329(a) 

operates  on  the  same  principle  as  a 
constant-current  transformer.  Is  the 
current  set  up  in  sleeve  by  lines  of 
force  passing  through  sleeve  <t>i  acted  on 
by  the  lines  of  force  cutting  across 
sleeve,  and  so  causing  the  motion  of 
sleeve,  or  are  the  phase  relations  such 
that  01  has  nothing  to  do  with  motion 
of  sleeve?  What  effect  would  the 
cutting  away  of  iron  along  line  BB 
have  on  the  motion  of  the  sleeve?  In 
this  case  cutting  away  of  the  iron 
shows  no  appreciable  difference  in  the 
force  moving  the  sleeve  leaving  "room 
for  argument."  c.G.H.  (n.j.) 

(a)  The  motion  of  the  coil  is  a  re- 
sult of  the  flux,  which  "leaks"  between 
the  exciting  coil  and  sleeve.  The  rela- 
tions between  flux,  current  and  motion 
are  represented  by  the  well-known  hand 
diagram  in  which  the  index  finger  ex- 
tending straight  out  represents  direc- 
tion of  flux,  the  thumb  extended  at  right 
angles  to  index  finger  and  in  the  same 
plane  as  the  palm  of  the  hand  represents 
direction  of  motion,  and  the  second  fin- 
ger extending  at  right  angles  to  the 
palm  of  the  hand  represents  direction  of 
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current,  (b)  Tlic  repulsion  is  propor- 
tional to  the  square  of  the  ampere  turns 
and  the  first  power  of  the  permeance  of 
the  leakage  path  between  coils.  The 
current  circulating  in  the  coil  is  in- 
versely proportional  to  the  permeance. 
Hence,  if  the  voltage  impressed  on  the 
exciting  coil  is  kept  constant  and  the  re- 
pulsion at  A  inches  between  electrical 
centers  of  coils  is  B  pounds,  the  current 
at  2A  inches  will  be  one-half  value  and 
repulsion  will  be  one-half  B  pounds.  In 
other  words,  if  a  leakage  path  of  uni- 
form reluctance  existed  between  the  two 
coils  the  repulsion  would  be  inversely 
proportional  to  the  distance  between  the 
electrical  centers  of  the  two  coils.  With 
a  complicated  leakage  path  such  as  exists 
between  the  coils  shown  by  Fig.  1329(a) 
it  is  possible  that  such  a  large  per- 
centage of  the  flux  passes  through  a 
path  which  is  not  affected  by  the  cut- 
ting away  of  iron  along  BB  that  there  is 
really  little  change  in  the  permeance  for 
various  positions  of  the  copper  sleeve. 
The  natural  tendency,  however,  would 
be  to  increase  the  repulsion  if  the  iron 
along  BB  was  cut  away,  as  this  would 
decrease  the  permeance  and  increase  the 
repulsion.  H.  D.  B. 

1330 — Water    Rheostat — In    using    a 

water  rheostat  of  iron  plates  sus- 
pended in  the  river  to  absorb  the  loads 
of  an  II  500  volt,  627  ampere,  loooo 
kw,  water  wheel  driven  generator, 
what  should  be  the  size  and  spacing  of 
the  plates?  j.  s.  K.  (c.\LiF. ) 

We  have  loaded  machines  of  approxi- 
mately the  size  you  mention  for  test 
with  a  rheostat  having  steel  plates  sub- 
merged in  the  forebay.  Fig.  1330  (a) 
and   (bj   will  give  sufficient  information 


I'l'-   i,!3ii(b) 

to  reproduce  the  arrangement  which 
worked  very  satisfactorily.  The  spac- 
ing of  the  plates  and  the  extent  to  which 
they   may   be   submerged    for   particular 


loading  will  vary  according  to  the  char- 
acter of  the  water  in  the  stream  and  is 
best  determined  by  experiment.  The 
plates  are  approximately  3  ft.  wide  by 
6  ft.  long.  L.  E.  I. 

1331 — Transformer    Fuses — What    are 
the   proper   size   fuses   to   use   to   pro- 
tect  100  and  200  watt  potential  trans- 
formers? R.  B.  G.  (C.M.IF.) 
Potential  transformers  cannot  be  pro- 
tected by  means  of  fuses  on  account  of 
the    extremely     small    current     encoun- 
tered.     However,   it   is    the    practice   to 
provide  small  fuses  in  transformer  cir- 
cuits for  the  protection  of  the  other  ap- 
paratus connected   to  the   same  circuits. 
K.  c.  R. 

1332  —  Meter  Pointer  —  Should  the 
pointer  of  a  polyphase  indicating- 
wattmeter  return  to  the  zero  point  at 
no  load?  If  it  does  not,  and  is  ad- 
justed to  do  so,  must  the  instrument 
be  recalibrated?  r.  B.  c.  (calif.  ) 
The  pointer  should  return  to  the  zero 

point  at  no  load.  Whether  the  instru- 
ment must  be  recalibrated  depends  upon 
type  of  meter  and  the  method  of  ad- 
justment. For  instance,  if  the  error  is 
caused  by  the  pointer  being  bent, 
straightening  the  pointer  should  not  af- 
fect the  calibration  springs,  whereas  ad- 
justing the  springs  might  or  might  not 
affect  the  calibration,  depending  upon 
the  type  of  meter.  It  is  always  better 
to  recalibrate  or  at  least  check  the  in- 
strument after  any  changes  are  made, 
as  any  magnetic  or  mechanical  action 
violent  enough  to  bend  the  pointer  or 
otherwise  throw  the  tueter  off  zero 
might  affect  the  calibration,  c.  R.  R. 

1333  —  Open  Field  Circuit  —  What 
would  probably  happen  if  the  field  cir- 
cuit of  a  small  alternating-current 
generator  operating  in  parallel  with 
a  very  large  transmission  system  were 
opened?  r.  b.  g.  (calif.) 
Whether   the   generator  will   continue 

to  run  in  synchronism  will  depend  on 
the  design  of  the  generator  and,  prin- 
cipally, on  the  energy  load  on  the  gen- 
erator. If  the  magnetizing  current  of 
the  generator,  considered  as  an  induc- 
tion motor,  is  small  and  the  load  is 
small  the  chances  are  good  that  the  gen- 
erator would  continue  to  operate  syn- 
chronously. If  the  load  or  other  condi- 
tions are  less  favorable  it  might  con- 
tinue to  operate  as  an  induction  gener- 
ator or  even  drop  its  load  entirely  and 
be  put  completely  out  of  step.         F.  D.  N. 

1334 — Power-Factor  Correction — It   is 

proposed  to  install  a  synchronous 
motor  set  in  the  main  sub-station  of  a 
city  electrical  system  in  order  to  im- 
prove the  power-factor  to  95  to  100 
percent  and  also  to  carry  additional 
mechanical  load  in  the  shape  of  street 
railway  load.  The  additional  street 
car  load,  which  is  the  mechanical  load 
on  the  synchronous  motor,  can  be 
taken  at  250  kw.  The  generating  sta- 
tion is  approximately  30  miles  away. 
Capacity  of  machines  fully  loaded  is 
6000  k.v.a.  Line  voltage  is  35  000  volts, 
which  is  stepped  up  from  2400  volts. 
This  load  is  nearly  all  taken  up  by  in- 
duction motors,  a  comparatively  small 
part  being  converted  and  used  for 
street  cars.  One  thousand  kilowatts 
can  be  used  for  this  load.  There  is 
no  power-factor  meter  at  power  sta- 
tion, but  the  power-factor  is  being 
taken  at  70  percent.  Is  that  a  good 
supposition?  It  is  the  intention  to 
have    the    motor    100    percent    larger 


tlian  actually  required  at  present. 
Please  advise  what  size  of  machine  to 
install.  Will  it  be  necessary  to  put  a 
power-factor  meter  at  the  generating 
station?  w.  H.  M.  (  NEW  YORK) 

Seventy  percent  power-factor  is  a  rea- 
sonable guess.  Before  spending  any 
money  to  improve  power-factor  it  would 
seem  to  be  worth  while  at  least  to  bor- 
row a  power- factor  meter  and  find  out 
what  the  power- factor  really  is.  If  there 
is  6000  k.v.a.  load  at  present  at  70  per- 
cent power-factor  this  means  4200  k.v.a. 
wattless  component  and  would  require  a 
synchronous  condenser  of  this  rating  to 
bring  tlie  power-factor  up  to  100  per- 
cent.     Olivinusly.  a  250  kw   energv  load 


FIG.   1334(a) 

added  to  this  would  make  no  appreciable 
increase  in  size  of  the  condenser.  With 
such  a  disparity  between  energy  and 
wattless  loads  it  is  worth  considering 
whether  a  better  layout  could  not  be  ob- 
tained using  a  synchronous  condenser, 
without  energy  load  at  the  center  of  the 
low  power-factor  induction  motor  load 
and  a  300  kw  rotary  converter  at  the 
point  where  the  additional  railway  load 
is  located.  p.  d.  n. 

1335 — Transformer    Connections — The 

primary  of  three  single-phase  trans- 
formers are  connected  in  delta  for 
2300  volts.  The  secondaries,  which 
have  variable  ratio  taps,  are  connected 
in  delta  for  running  a  220  volt  induc- 
tion motor.  Then  three  wires  are 
tapped  to  the  three  middle  taps  on 
the  transformer  and  brought  to  a 
three-pole  switch  which  feeds  the  no 
volt  lighting  system.  Also  one  leg  of 
secondary  is  grounded,  as  shown  in 
P'g-  1335(a)-  Please  explain  why  the 
voltage  for  lighting  circuit  is  not  more 
than  no  volts.  Does  grounding  have 
any  effect?  Would  not  a  Y  connec- 
tion with  common  wire  grounded  be  a 
l)etter  scheme  ?  T.  F.  p.  (  new  York) 

This  connection  is  correct  for  getting 
1 10  volts  for  lighting,  as  will  be  seen  by 
reference  to  the  vector  diagram.  Fig. 
iJ35(b).  AC,  CB  and  BA  represent  the 
220  volt  three-phase  circuit.  X,  Y  and 
Z  represent  the  middle  taps,  and  it  is 
evident  that  XY  —  1/2  BC,  YZ  =  1/2 
AB  and  XZ  —  1/2  AC.  Since  the  light- 
in.g  circuits  are  taken  off  XY  and  XZ, 


the  voltage  will  be  no.  The  ground 
connection  has  no  effect  on  the  voltage 
of  the  lighting  circuit.  If  the  second- 
ary windings  are  Y  connected  the  volt- 
age will  be  wrong  for  the  motor,  al- 
though no  volts  for  lights  could  be  se- 
cured between  the  .grounded  neutral  and 
the  middle  taps.  w.  M.  M. 
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1336  —  Transformer     Temperature  — 

Given  an  800  k.v.a.,  2200/60  volt  trans- 
former   with    a    thermometer    in    the 
shell.     What   is   the   relation   between 
the   temperature   as  read   and   the  ac- 
tual   temperature    in    the    interior    of 
coils,    approximately?      Where    can    I 
find  information  in  detail?     Are  em- 
bedded-in-coils    types    of    pyrometers 
used    now    and    are    they    successful? 
Can  they  be  installed  on  a  transformer 
now  in   operation   without  them?     If 
so,    what    type    is    best    and    how    in- 
stalled? V.  c.  D.  (new  YORK) 
The    difference    between    the    actual 
temperature  of  the  winding  and  the  m- 
dication  of  the  thermometer  in  the  shell 
depends  upon  the  design  and  the   load. 
With  a  well-ventilated  winding  the  dif- 
ference should  not  exceed  about  20  de- 
grees C.  at  full  load.     As  the  load  in- 
creases    this     difference     will     increase. 
Thermo-couples  can  be  placed  in   fairly 
close  contact  with  a  low-voltage  wind- 
ing during  manufacture  andvvill  give  a 
reasonably    accurate    indication    of    the 
actual    temperature    of    the    winding    at 
that  point.     Thermo-couples  should  not 
be  used  with  high-voltage  windings  be- 
cause of  danger  of  weakening  the  wind- 
ings and  danger  of  injury  to  attendants. 
Thermo-couples  cannot  be  inserted  sat- 
isfactorily   in    transformers    after    they 
have  been  built.     In  this  case  probably 
the  best  thing  to  do   is  to  use  a  ther- 
mometer of  the  Bristol  type  and  insert  a 
l)ulb  through  an  opening  near  the  mid- 
dle of  the  cover,  letting  it  down  until  it 
comes   as   close   to   the   windings    as    is 
safe.     The  bulb  is  then  in  the  hot  oil  as 
it    comes    from    the    ventilating    ducts. 
This   may   show   a   temperature    10   de- 
grees C.  in  excess  of  the  thermometer 
in  the  shell,  at  full  load.  w.  m.  m. 

1337 — Equalizer  Rings — Kindly  let  me 
know  the  possible  number  of  equal- 
izer rings  and  connections  of  a  lap- 
wound,  direct-current  armature  for 
four  poles,  six,  eight,  ten.  etc.,  and 
how  are  they  spaced  around  the  arm- 
ature and  commutator  for  a  given 
number  of  coils  and  bars? 

c.  A.  K.  (new  York) 
The  greatest  possible  number  of  equal- 
izer rings  equals  the  number  of  com- 
mutator bars  divided  by  the  number  of 
pairs  of  poles.  To  save  mechanical 
space  and  cost  it  is  the  usual  practice  to 
put  one  ring  connection  every  second  or 
third  slot,  thus  making  the  number  of 
equalizer  rings  equal  to  one-half  or  one- 
third  the  number  of  slots  divided  by  the 
number  of  pairs  of  poles.  The  connec- 
tions to  the  commutator  bar  are  usually 
spaced  equally  around  the  commutator, 
c.  o.  s. 

1338  —  Internal    Resistance    Motor  — 

Please  explain  why  an  internal  resist- 
ance type  induction  motor  doesn't  fur- 
nish starting  torque  with  resistance 
brushes  short-circuited  in  starting. 

c.  E.  H.  (nEv.^d.\) 

It  is  because  the  secondary  resistance 

is  too  low.     See  any  good  textbook  for 

the  formula  for  starting  torque  and  note 

the  effect  of  the  secondary  resistance. 

A.  M.  D. 

1339  —  Motor  Power-Factor  —  What 
power-factor  is  usually  obtained  from 
squirrel-cage  motors,  also  slip-ring 
motors,  during  starting  period,  when 
starting  idle  or  with  normal  load? 

M.  o.  s.  (ill.) 

The    power-factor   at    starting   is   not 
affected  by  the  amount  of  load  against 
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which  the  motor  is  starting.  It  aver- 
ages from  40  to  55  percent.  As  the 
motor  comes  up  to  speed  this  figure 
changes,  decreasing  if  the  motor  is  un- 
loaded, or  increasing  if  the  motor  is 
loaded  beyond  a  certain  amount.  The 
power-factor  when  the  motor  is  up  to 
full  speed  may  be  as  low  as  15  percent, 
or  even  less  if  the  motor  is  unloaded, 
;'nd  depends  entirely  on  the  load  carried 
if  it  is  loaded.  The  amount  of  current 
taken  by  the  motor  at  the  instant  of 
■  tarting  is  also  independent  of  the  load, 
hut  the  duration  of  the  starting  peak  is 
affected  by  the  load  in  that  the  motor 
comes  up  to  speed  more  slowly  when 
loaded.  The  initial  kick  of  current, 
however,  is  the  same  at  no  load  as  if 
starting  against  full  load.  As  these 
motors  start  very  quickly  when  un- 
loaded, a  sluggish  ammeter  might  not 
show  this,  but  it  would  be  found  to  be 
always  true  if  checked  with  an  oscillo- 
graph. A.  M.  D. 

1340 — Lamp  Ground  Detector — Will 
you  please  explain  the  action  of  ground 
detector  shown  in  Fig.  1340(a).  When 
switch  is  in  receptacles  / — 4  and  plug 
makes  contact  between  T  and  L  there 
is  no  light :  with  switch  across  S — 4 
and  plug  in  the  same  position  the 
lamp  lights  at  full  voltage ;  with  the 
switch  across  -' — 4  the  same  results, 
lamp  burning  at  full  voltage.  Thus 
far  I  understand.  When  plug  is  with- 
drawn until  contact  is  made  between 
T  and  G  lamp  burns  dimly  when 
switch  is  between  i — 4,  3 — 4,  2 — 4- 
Does  this  indicate  a  ground?  I  have 
tested  for  grounds,  but  so  far  have 
been  unable  to  locate  any.  Give  a 
good  method  of  testing  for  grounds 
on  an  alternating-current  installation. 
This  detector  is  on  a  modern  station 
with  a  remote  controlled  switchboard. 
D. G.  (mass.) 
With  the  type  of  ground  detector  de- 
scribed and  shown  on  the  diagram,  a 
partial  ground  on  a  line  is  detached  by 
different  lamp  brilliancies  for  the  three 
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positions  of  the  plug  receptacle.  The 
lamp  will  burn  dimly  for  the  line  par- 
tially grounded,  and  somewhat  brighter 
for  the  other  two  lines.     If  the  line  is 


well  grounded,  the  lamp  will  not  light  up 
tor  the  grounded  line  and  will  burn  at 
full  brilliancy  for  the  other  two  lines. 
The  dim  burning  of  the  lamp  when  the 
transformer  is  connected  from  a  line  to 
ground  does  not  necessarily  indicate 
that  the  line  is  grounded.  The  current 
through  the  lamp,  even  with  ungrounded 
lines,  is  due  to  the  presence  of  return 
circuits  to  the  other  two  lines  through 
the  capacity  of  the  lines  to  ground.  If 
the  electrostatic  capacities  of  the  three 
lines  to  ground  are  equal,  the  lamp  will 
burn  equally  bright  for  all  three  lines. 
If  the  capacity  is  low  enough,  the  lamp 
will  not  light  up  at  all.  .As  this  con- 
denser effect  is  present  only  with  alter- 
nating current,  the  use  of  direct  current 
in  testing  for  grounds  would  not  give 
indications  which  might  be  misinter- 
preted. .\ny  method  of  testing  which 
uses  an  external  voltage  source  requires 
<>xtreme  precaution  to  prevent  the  pos- 
sibility of  testing  with  live  lines.  Elec- 
trostatic detectors  or  transformer  and 
lamp  detectors  which  are  connected  to 
the  live  alternating-current  lines  are, 
therefore,  to  be  preferred.  In  a  gener- 
ating station  where  direct  current  is 
available  from  exciters  and  where  the 
alternating-current  sj'stem  can  be  com- 
pletely isolated,  the  exciter  bus  volt- 
meter may  be  used  in  testing  for 
grounds,  as  indicated  in  Fig.  1340(b). 
With  voltage  plug  in  position  z,  the  nor- 
mal voltage  impressed  on  the  two  line 
wires  is  indicated  on  the  voltmeter, 
while  positions  /  and  3  connect  the  volt- 
meter between  lines  D  and  E,  respec- 
tively, and  ground.  There  will  be  no 
appreciable  indications  on  the  voltmeter 
with  clear  lines.  There  will  also  be  no 
appreciable  indication  for  position  7  if 
line  B  is  partially  grounded,  but  when 
the  voltmeter  is  plugged  from  line  H  to 
ground  there  will  be  a  voltage  indica- 
tion which  is  inversely  proportional  to 
the  amount  of  resistance  in  the  ground 
on  line  B.  If  line  B  is  well  grounded, 
full  voltage  will  be  indicated  for  posi- 
tion 3  for  line  G  to  ground.  M.  C. 

1341  — D.C.    Motor    on    A.C.  — What 

would  be  the  results  of  applying  no 
volts,  60  cycle,  single-phase  current  to 
a  one  horse-power,  direct-current,  no 
volt  series  motor?  Would  it  be  self- 
starting  and  would  a  regulating  rheo- 
stat be  effective  in  controlling  the 
speed?  J.  MC  f.  (conn.) 

As  a  rule,  a  series  motor  designed  for 
operation  on  direct  current  will  not  give 
satisfactory  service  on  alternating  cur- 
rent on  account  of  the  more  severe  com- 
mutating  conditions  when  alternating 
current  is  used.  A  motor  of  the  size 
mentioned  is  pretty  sure  to  give  trouble 
on  60  cycles.  If  the  motor  is  to  be  used 
for  light  or  intermittent  service  and  the 
field  poles  and  j-oke  are  made  up  from 
laminations  instead  of  solid  castings  it 
might  be  possible,  to  obtain  fair  results 
from  the  motor  in  question,  but  the  fol- 
lowing characteristics  are  to  be  ex- 
pected : — I — The  speed  on  60  cycles  will 
be  much  lower  than  on  direct  current, 
and  consequently  the  capacity  of  the 
motor  will  be  decreased.  2 — The  com- 
mutation will  be  poor,  but  can  be  bet- 
tered by  undercutting  the  commutator 
mica  and  using  a  fairly  hard  abrasive 
grade  of  brush.  3 — For  a  given  current 
the  heating  will  be  considerably  greater 
than  on  direct  current,  due  to  the  iron 
loss  in  the  field  poles  and  yoke.  This 
is  about  as  complete  an  answer  as  can 
be  given  to  a  general  question  like  this. 
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We  would  suggest  that  if  the  writer  is 
interested  he  should  experiment  along 
the  lines  indicated.  If  the  poles  and 
yoke  are  made  from  laminations  the 
motor  should  develop  a  considerable 
starting  torque  and  a  regulating  rheo- 
stat will  naturally  be  effective  in  alter- 
ing the  speed.  c.  h.g. 

1342  —  Which  transformers  of  the 
delta-delta  bank  shown  below  corre- 
spond to  the  letters  indicating  the  re- 
spective leads?  R.  B.  G.  (calif.  ) 
It  is  evident  that  with  a  delta  con- 
nected bank  each  letter  marking  on  a 
line   can   identify   that   lead   only.     The 


FIG.  i34-2(a) 

transformers,  in  this  case,  could  be  iden- 
tified by  using  two  letters,  as  AB,  AC, 
BC.  w.  M.  M. 

1343 — Booster    Transformers — Kindly 
give     a     schematic     diagram     of     the 
booster  transformers  employed  on  the 
Philadelphia-Paoli     electrification     of 
the  Pennsylvania  Railroad,  as  per  de- 
scription  in   the   Journ.«lL,   December, 
1915.  P-  538,  and  also  the  diagram  of 
connections     of     the     booster     trans- 
formers in  the  line.        j.  G.  K.  (mich.) 
The  booster  track  transformer  is  es- 
sentially a  one-to-one  ratio  series  trans- 
former,  one   winding   of   which   is   con- 
nected  in    series   with    the    trolleys    and 
the  other  in  series  with  the  tracks.     Its 
function   is   to  keep   the   current  in   the 
tracks  equal  to  that  in   the   trolleys,   so 


FIG.  1343(a) 

that  current  is  prevented  from  straying 
into  the  earth  and  thereby  causing  dis- 
turbances in  neighboring  telephone  or 
telegraph  systems.  See  article  by  Mr. 
Thomas  Shaw  on  "Neutralizing  Trans- 
formers and  Their  Use  in  Telephone 
Circuits"  in  the  .Tournai,  for  November, 
1914,  p.  622.  c.  F. 

1344— Bridge  Paint— We  have  a  num- 
ber of  bridges  for  signals  and  for  sup- 
porting catenary  on  our  road,  the 
road  having  a  combined  electric  and 
steam  service.  The  bridges  are  be- 
coming badly  corroded,  and  I  would 
like  to  have  the  name  of  an  approved 
brand  of  paint  for  this  work. 

B.  T.  M.  (iowa) 
We  recommend  for  any  fabricated 
steel  used  for  structural  work,  subject 
to  the  weather — first,  a  coat  of  red  lead 
mixed  in  a  proportion  of  22  pounds  to 
one  gallon  of  linseed  oil ;  if  a  second 
coat  is  desired,  a  graphite  paint.  This 
may  also  be  applied  to  steel  work  which 
has  already  been  subject  to  corrosion  if 
the  oxide  is  practically  all  removed  be- 
fore application  of  the  paint.  Red  lead 
will  absorb  a  certain  amount  of  ferric- 
oxide,  but  will  not  take  care  of  any  con- 
siderable amount.  The  .graphite  paint 
will  not  protect  steel  work  if  applied  to 
material  which  has  already  been  sub- 
jected  to   rust,   but    forms   an   excellent 


outer  coating  for  the  protection  of  the 
red  lead.  The  latter  will  not  hold  up 
well  under  the  action  of  rain  and  sun- 
light. It  is  important  when  applying 
these  paints  for  protective  purposes 
that  the  temperature  should  be  consid- 
erably above  the  freezing  point  of  water 
and  in  a  dry  season.  j.  E.  s. 

1345 — Tesla  Oscillator — Please  give 
data  and  design  particulars  of  a  six- 
inch  Tesla  oscillator  which  seems  to 
operate  without  the  necessity  of  a 
step-up  transformer  from  no  volt 
mains,  or  a  rotary  spark  gap.  I  am 
informed  that  such  an  arrangement 
was  described  by  S.  P.  Thompson  be- 
fore the  Physical  Society  in  London 
in  the  year  1899  or  1900,  but  it  does 
not  seem  to  have  been  very  much  used 
outside  the  laboratory.  The  particu- 
lars at  hand  are  as  follows : — An  elec- 
tromagnet (with  considerable  self- 
induction),  a  condenser  (3  or  4  mi- 
crofarads capacity),  an  air  core  trans- 
former (primary  six-inch  sheet  cop- 
per, secondary  a  few  turns  of  large 
wire).  w.  M.  (ont.) 

We  are  not  acquainted  with  any  books 
that  give  design  data  for  this  scheme  of 
producing  high-frequency  oscillations. 
The  scheme  is  shown  diagramatically 
by  Fig.  1345(a),  where  L  is  an  induct- 
ance, C  an  electrostatic  condenser,  G  an 
adjustable  spark  gap  and  T  is  an  air- 
core  transformer.  L  and  C  should  have 
such  values  that  they  will  produce  a 
resonance  circuit  at  the  frequency  of 
the  no  volt  supply.  Their  values  can 
be  determined  from  the  well-known  re- 
lation : — 

Resonance    frequency 


ST  \/LC 


or  /,  =: 


4^r'c 

Where  /  is  the  frequency,  in  cycles 
per  second,  of  the  no  volt  supply,  L  is 
inductance  in  henrys  and  C  is  capac- 
itance in  farads.  By  assigning  a  value 
to  either  C  or  L,  the  other  can  be  cal- 
culated. It  is  necessary  to  have  L  and 
C  very  exact  in  value.  If  it  is  not  prac- 
ticable to  build  the  inductance  and  con- 
denser to  give  exact  values,  one  or  the 
other  should  be  made  adjustable.  The 
air-core  transformer  should  consist  of 
two  concentric  cylindrical  coils,  the 
inner  coil  constituting  the  high-voltage 
or  secondary  winding,  the  outer  coil 
constituting  the  low-voltage  or  primary 
winding.  The  distance  between  turns 
and  the  two  coils  should  be  sufficient 
to  prevent  an  insulation  failure  at  the 
voltage  at  which  the  outfit  is  to  operate. 
Tlie  voltage  of  the  high  tension  is  con- 


FiG.  1345(a) 

trolled  by  adjusting  the  spark  gap  G. 
The  wider  the  gap  the  higher  will  be  the 
secondary  voltage.  The  ohmic  resist- 
ance of  L  should  be  low,  since  the  lower 
this  resistance  is  the  higher  will  be  the 
maximum  obtainable  voltage  in  the  sec- 
ondary   of     the    air-core    transformer. 


The  operation  of  this  outfit  is  as  fol- 
lows:— no  volts  is  impressed  across  L 
and  C  in  series,  and  since  the  circuit  is 
in  resonance  at  the  supply  frequency  a 
large  current  will  flow.  This  current 
flowing  through  L  and  C  will  produce  a 
high  voltage  across  L  in  one  direction 
and  across  C  in  the  opposite  direction. 
The  voltage  across  C  is  also  across  the 
spark  gap  G,  and  since  the  voltage 
across  C  gradually  increases  with  suc- 
cessive cycles  of  the  supply  current  a 
value  will  be  reached  where  a  spark  will 
occur  across  G,  thus  completing  the  cir- 
cuit, including  the  condenser  and  the 
jirimary  of  the  air-core  transformer. 
Condenser  C  will  then  discharge  through 
the  primary  of  the  transformer  and 
hi.gh-frequency  oscillations  will  be  set 
up  in  the  local  circuit,  and  consequently 
high  voltage  will  be  induced  in  the  sec- 
ondary of  the  air-core  transformer. 
When  the  condenser  discharges  its  volt- 
age will  no  longer  be  equal  and  opposite 
to  that  of  the  inductance,  and  conse- 
quently the  voltage  that  was  developed 
in  L  will  be  thrown  on  the  supply  lines. 
This  may  be  several  thousand  volts.  It 
is  doubtful  whether  it  is  permissible  to 
throw  such  high-voltage  surges  on  a  no 
volt  supply  circuit.  The  object  of  the 
ground  at  Gr.  is  to  protect  the  operator 
against  these  high-voltage  surges  when 
operating  the  spark  gap  G.  j.  F.  p. 

1346  — Trolley  Wheel— (a)  What  is 
the  life  of  a  trolley  wheel?  (b)  What 
is  the  cause  of  its  wearing  out;  is  it 
the  friction  of  the  wheel  on  the  wire 
or  on  its  axle,  or  other  causes?  (c) 
What  is  the  cause  of  the  brilliant 
flashes  of  the  trolley  wheel  when  there 
is  snow  or  ice  on  the  wire?  (d)  Does 
it  do  any  damage  to  the  wheel  or 
wire?  (e)  Would  a  trolley  wheel  that 
would  not  have  to  be  renewed  so  often 
be  in  demand  ?  h.  a.  g.  (  w.  va.) 

(a)  That  depends  on  high-speed  or 
low-speed  service,  pressure  against  the 
trolley  wire,  and  the  care  and  inspection 
of  the  trolley  wheel.  On  600  volt  oper- 
ation, with  a  maximum  speed  of  60 
miles  per  hour,  it  will  be  about  4000 
miles.  At  a  speed  of  only  40  miles  per 
hour,  the  life  will  be  increased  to  about 
6000  miles.  For  high-speed  interurban 
operation  the  average  is  considerably 
less.  In  city  service,  with  low  speed  and 
regular  inspection  of  wheels,  an  average 
of  16000  miles  has  been  obtained,  (b) 
Friction  of  the  wheel  on  the  wire,  (c) 
The  trolley  wheel  during  its  travel  on 
the  trolley  wire  will  occasionally  receive 
a  blow  from  the  suspension  supporting 
the  trolley  wire,  and  with  the  crystalli- 
zation of  snow  or  ice  on  the  trolley  wire 
this   will  give  you   the  brilliant   flashes. 

( d )  Yes,  it  increases  the  wear  in  time. 

(e)  Yes.  N.  A.  w. 

1347 — Flashing  in  Induction  Motor 
Spider — What  conditions  will  cause 
a  flash  in  the  spider  of  a  75  horse- 
power, 580  r.p.m.,  wound-secondary 
induction  motor  with  external  resist- 
ance for  starting.  The  motors  are  di- 
rect connected  to  wet  pans.  Stator 
volts  220.  amperes  192,  three-phase,  60 
cycle,  wound  rotor,  305  volts,  122 
amperes.  The  flash  has  occurred 
three  times  in  one  motor  and  twice  in 
the  other  (four  months)  after  motors 
have  been  running  several  hours. 
They  do  not  blow  fuses  or  trip  oil 
switches.  Have  had  one  machine 
down  and  cannot  find  any  indication 
of  damage  to  core,  coils  or  leads. 

F.  L.  s.  (ill.) 
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It  is  difficult  to  say  from  this  state- 
ment what  was  the  exact  cause  of  the 
flash.  Such  flashes  occur  from  several 
reasons,  among  which  might  be  men- 
tioned the  following: — (i)  Static  elec- 
tricity from  neighboring  belts  or  similar 
sources  of  such  phenomena.  (2)  A 
loose  or  floating  connection  in  some  one 
coil  that  occasionally  breaks  the  circuit 
and  makes  it  again.  (3)  A  bare  spot 
on  two  adjacent  conductors  which 
should  be  insulated  from  each  other, 
but  which  occasionally  jar  together  and 
then  separate  again.  This  may  happen 
between  conductors  side  by  side  in  the 
coil  or  it  may  happen  at  the  ends  of  the 
coils  outside  the  iron  core  between  the 
top  and  bottom  layer  of  the  coils  where 
the  V-shaped  ends  cross  one  another. 
(4)  The  neutral  or  Y  point  on  a 
three-phase  star  winding  is  sometimes 
grounded  to  the  spider  by  means  of  a 
small  wire.  Such  ground  connections 
might  become  loosened  and  cause  an  oc- 
casional spark.  (5)  The  spark  might 
actually  occur  on  the  collector  ring,  but 
be  reflected  in  some  way  so  as  to  appear 
to  come  from  the  spider.  The  spark 
will  probably  disappear  or  else  become 
more  frequent,  and  in  the  latter  case  it 
can  be  more  readily  located  by  the  local 
burning  and  its  cause  analyzed.      .\.  .\t.  n. 

1348 — Arc    Welding    Brass — Will    you 
kindly   advise    whether    it    is    possible 
and  feasible  to  arc  weld  brass  ?     With 
the  metal  electrode  process  can  weld- 
ing be  done  with  a  brass  electrode  so 
as  to  deposit  brass  instead  of  iron,  as 
in  the  Slavianoff  method?     Is  it  pos- 
sible to  weld  to  brass  in  this  manner? 
Is  it  possible  to  weld  to  iron?     What 
fiu.x     or     fluxes     are     best?       Is     the 
Benardos  process  applicable  to  brass? 
The  work  I  have  in  mind  is  the  filling 
in  of  defects  in  brass  parts,     c.  F.  (ill.) 
It   is    possible   to    arc    weld   brass   by 
either    the    Benardos    or   the    Slavianoff 
process,  but   the   work  is  by  no   means 
commercial  in  character  and  is  in  a  very 
large  measure  dependent  upon  the  skill 
of  the  operator.     In  the  Slavianoff  pro- 
cess the  welding  of  brass  ma}'  be  done 
cither  with  an  iron  or  a  brass  electrode, 
and  brass  may  be  welded  to  iron.     All 
fluxes  are  more  or  less  faulty,  ordinary 
borax  being  perhaps  as  good  as  any.     If 
work  of  this  character  is  to  be  attempted 
( it  is  generally  much  cheaper  to  make 
the     replacement     or     repair     in     some 
other  manner)    the  operators  should  be 
equipped  with  good  respirators,  in  addi- 
tion to  the  usual  protective  hoods  worn. 
C.  B.  A. 

1349  —  Rating    of    Synchronous    Con- 
denser—  I'lease  explain  why  a  three- 
phase  generator  rated  at  160  kw,  unity 
power-factor    when    used    as    a    sjm- 
chronous    condenser    at    zero    power- 
factor    leading    is    rated    at    only    120 
k.v.a.     Also  what  approximately  would 
its  k.v.a.  rating  be  and  why,  if  when 
used    as    a    synchronous    motor,    it    is 
rated    200    horse-power    unity    power 
factor ;  145  horse-power  at  80  percent 
power-factor,  and  125  horse-power  at 
70  percent  power-factor.    F.  R.  P.  (oHio) 
The  reason  for  reducing  the  rating  of 
the  generator,  when  operating  as  a  .syn- 
chronous    condenser,     at     zero     power- 
factor,  leading,  is  because  the  field  cur- 
rent is,  assuming  average  design  propor- 
tions,  apiiroximately  60  percent  greater 
at    160  k.v.a.   zero   power-factor   than   at 


160  k.v.a.  unity  power- factor.  The  rating 
of  the  machine  as  a  condenser  is,  there- 
fore, reduced  so  that  the  field  will  not 
overlieat.  The  increase  in  field  current, 
mentioned  above,  is  the  result  of  the 
change  in  the  demagnetizing  effect  of 
the  armature  current.  At  zero  power- 
factor,  leading,  all  the  armature  ampere- 
turns  are  demagnetizing,  while  at  unity 
power- factor  only  a  small  part  are  de- 
magnetizing. The  k.v.a.  ratings,  corre- 
sponding to  the  motor  ratings,  are  160 
k.v.a.  at  unity  power-factor,  150  k.v.a.  at 
80  percent  power-factor,  and  147  k.v.a. 
at  70  percent  power-factor.  These  rat- 
ings are  limited  by  the  armature  demag- 
netizing ampere-turns,  as  in  the  case  of 
the  zero  power-factor  inductive  rating. 
The  k.v.a.  rating  of  a  motor  correspond- 
ing to  a  given  horse-power  is  equal   to 

o."./6  X  Horsc-powcr 
Poi^'cr-factor    X    Efficiency.  L.  .\.  n. 

1350  —  Commutating    Poles  —  What 
percent  of  weight  is  saved  by  design- 
ing   the    average    1000    kw    generator 
with,  instead  of  without,  commutating 
poles  ?  R.  B.  c.  ( C.\LIF. ) 
The  weight  saved  by  using  commutat- 
ing poles  would  depend  on  the  speed.   If 
the    type    of    drive    allows    considerable 
choice  in  this  regard,  the  comniutating- 
pole  machine  could  be  built  for  a  speed 
much    above   the    speed   to    which    com- 
mutation would  limit  the   1000  kw  non- 
commutating-pole  generator.   The  reduc- 
tion in   weight  due  to  the  use  of  com- 
mutating    poles     would,     therefore,     be 
large.     On   the  other  hand,   if   the   type 
of  drive  limits  the  speed  to  a  low  value, 
the    saving    might    be    small,    for    other 
factors    than    commutation    would    then 
limit   the  output  of  either  kind  of   ma- 
chine. 1'.  L.  M. 

1351  —  A.C.  Solenoids  —  Should  elec- 
trical steel  slieet  or  transformer  iron 
be  used  in  l)uilding  alternating-current 
solenoids?  R.  K.  (c.\nad.\) 
Transformer   iron   is   usually  the  best 

on  account  of  its  low  iron  loss.  In  spe- 
cial cases  other  iron  is  used.  h.d.  j. 

1352  —  Exciter    Operation  —  Two    100 

kw,  125  volt,  580  r.p.m.  exciters  are 
arranged  for  parallel  operation,  but 
are  infrequently  paralleled.  On  one 
occasion  the  two  machines  were  par- 
alleled at  about  70  volts,  and  in  a  very 
few  seconds  the  bus-bar  voltage  had 
dropped  practically  to  zero.  The  ex- 
citer which  had  been  paralleled  was 
disconnected,  and  the  bus-bar  voltage 
returned  to  the  normal  value.  Later 
both  exciters  were  tested  and  found 
O.K.  Both  units,  are  provided  with 
commutating  poles,  and  it  was  found 
tliat  the  brushes  on  one  of  the  exciters 
were  about  one-eighth  inch  from  the 
proper  position,  as  indicated  by  mark 
made  at  the  factorj'.  Could  the  fact 
that  the  exciters  failed  to  operate  in 
parallel  be  attributed  to  the  defective 
brush  setting,  or  to  the  low  voltage? 
R.  B.C.  (calif.) 

It  is  not  likely  that  the  slight  discrep- 
ancy of  brush  positions  will  account  for 
the  loss  of  voltage.  We  are  inclined  to 
lielicve  that  the  loss  of  voltage  may  be 
due  to  neglect  of  connecting  the  equal- 
izer when  paralleling.  When  two  iso- 
lated compound-wound,  direct-current 
machines  are  paralleled  without  the  use 
of    equalizer    connections,    the    terminal 


voltage  may  drop  nearly  to  zero.  As- 
sume that  the  two  machines  are  par- 
alleled at  no  load,  and  the  voltage  of 
No.  I  machine  is  slightly  higher  than 
that  of  No.  2  at  the  instant  of  paral- 
leling. Because  of  its  higher  voltage, 
the  No.  I  machine  will  force  a  motor 
current  through  No.  2.  This  current 
will  flow  through  the  series  field  of  No. 
I  machine  in  such  a  direction  as  to  in- 
crease its  voltage,  and  conversely  will 
flow  through  the  series  on  No.  2  ma- 
chine in  such  a  direction  as  to  decrease 
its  voltage.  Obviously,  such  a  current 
only  increases  the  initial  difference  of 
voltage,  and  the  result  is  that  a  very 
large  current  (depending  upon  the  rela- 
tive strength  of  shunt  and  .'■■eries  fields) 
flows  between  machines,  and  the  ter- 
minal voltage  drops  to  almost  zero.  The 
use  of  an  equalizer  connection  will 
remedy  this  trouble.  F.  T.  H. 

I3S3 — Growler — In  the  early  days  of 
alternating-current  power  generation 
was  a  device  called  a  "growler"  used 
instead  of  a  synchroscope? 

R.  B.  G.  (CALU'.) 

Such  a  device  was  developed  in  the 
early  days,  although  it  was  never  used 
extensively.  It  consisted  of  a  metal 
diaphragm  which  vibrated  after  the 
fashion  of  a  diaphragm  in  a  telephone 
receiver,  being  caused  to  vibrate  by  a 
differential  magnet,  one  of  the  coils  of 
which  was  connected  across  the  bus- 
bars and  the  other  across  the  incoming 
machine  in  the  manner  of  the  differen- 
tial voltmeters  which  were  also  used  in 
place  of  synchroscopes  at  the  same  time. 
The  vibration  of  the  diaphragm  was 
])roportional  to  the  difference  between 
any  phase  angles  between  the  incoming 
machine  and  the  bus-bars,  the  noise 
being  loudest  when  the  machines  were 
entirely  out  of  phase  and  being  silent 
when  the  machines  were  exactly  in 
phase.  This  apparatus  had  the  same 
disadvantages  that  synchronizing  with 
lights  does,  in  that  the  exact  instant  of 
synchronism  was  not  very  clearly  de- 
fined and  also  it  did  not  indicate 
whether  the  incoming  machine  was  fast 
or  slow.  Hence,  it  was  entirely  super- 
seded by  the  improved  forms  of  syn- 
chronizing devices.  i>.  M.  I.. 

1354 — Bare  vs.  Insulated  Wire — On  a 

6600  volt  circuit,  three-phase,  with 
three  No.  6  copper  wires  on  30  feet 
poles  along  a  railroad  right-of-way, 
would  the  slight  saving  in  cost  justify 
the  use  of  bare  copper  wire?  Length 
of  circuit,  two  miles.  What  arc  the 
advantages  of  the  weather-proof  in- 
sulation for  this  voltage  and  size  of 
wire?  ■  E.  B.  R.  (IND,) 

It  would  be  preferable  in  any  case  to 
use  bare  conductors  for  the  above  con- 
ditions rather  than  the  weather-proof 
insulation  that  is  proposed.  Weather- 
proof insulation  would  probably  last 
only  a  year  or  two  at  the  outside,  and  at 
the  end  of  that  time  it  would  be  in  such 
condition  that  it  would  not  be  a  true  in- 
sulating covering.  In  this  condition  it 
would  obviously  be  more  of  a  menace 
than  protection  to  life,  since  it  would 
give  an  air  of  false  security  and  so 
lead  to  possible  results  which  a  bare 
wire  would  not  lead  to.  Therefore,  it 
would  be  better  to  do  away  with  all  in- 
sulation from  wires  of  this  character 
when  strung  overhead  as  proposed. 

p.  M.  L. 
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SOME   DEVELOPMENTS   OF   THE 
YEAR  1916 

Those  who  followed  the  advice  given 
in  these  columns  the  first  of  the  year  to 
purchase  the  stocks  or  bonds  of  electric 
light  and  power  and  electric  railway 
companies  have  profited  largely  by  their 
purchases.  There  has  been  a  steady  and 
consistent  advance  in  the  market  price 
of  these  securities,  they  having  steadily 
bettered  their  position  from  both  a 
financial  and  an  earning  viewpoint.  The 
large  gains  in  earnings  shown  by  these 
corporations  have  enabled  them  to  do 
much  needed  financing,  the  result  of 
which  has  been  seen  in  the  many  new 
long-time  bond  issues  which  they  have 
been  able  to  market.  Up  to  a  year  ago 
these  companies  were  doing  almost  all 
their  financing  by  short-time  notes  and, 
as  a  result,  their  interest  and  discount 
charges  were  large.  Since  the  opening 
of  the  current  year  almost  all  these 
short-time  issues  have  been  funded  by 
the  sale  of  long-term  securities,  and  it 
is  now  almost  impossible  for  the  in- 
vestor to  buy  short-time  utility  notes. 
Those  notes  which  are  yet  outstanding 
have  advanced  to  high  prices,  and  prac- 
tically none  of  the  companies  has  is- 
sued any  new  short-time  securities  since 
the  first  of  the  year.  The  market  posi- 
tion of  public  utility  bonds  has  been 
growing  steadily  better,  and  there  have 
been  advances  in  the  lower-priced  issues 
of  from  5  to  20  points  since  January  i. 
While  the  improved  financial  condition 
of  some  of  the  companies  have  been  re- 
sponsible for  a  part  of  the  advance,  by 
far  the  larger  part  of  the  gain  in  price 
has  been  due  to  the  improved  earning 
power  shown  by  these  companies.  Where 
a  year  ago  companies  were  earning  their 
fixed  charges  but  one  and  a  half  or  one 
and  three-quarter  times,  these  same  com- 
panies are  now  showing  their  fixed 
charges  earned  from  two  and  a  half  to 
three  times,  and  this  rate  of  increase  in 
margin  of  safety  has  been  steadily 
maintained  month  by  month,  the  in- 
creased revenues  giving  every  indication 
of  permanency.  It  is  not  saying  too 
much  to  say  that  within  the  last  year  the 
market  position  of  public  utility  bonds 
has  improved  50  percent ;  not  in  price 
alone,  but  also  in  gain  in  investment  de- 
mand. Investors  who  never  before  had 
bought  bonds  other  than  listed  railroad 
and  industrial  issues  or  municipals  have 
now  turned  to  the  public  utility  securi- 
ties and  are  finding  in  them  what  they 
consider  the  best  investments  of  the 
present  time.  Issues  of  from  $10000000 
to  $18000000  of  utility  bonds  taken  by 
large  investment  houses  in  the  last  six 
months  have  been  entirely  disposed  of 
in  from  two  to  five  days,  and  the  de- 
mand for  them  has  not  been  supplied. 
This  increased  investment  demand  has 
enabled  many  of  the  utility  companies, 
which  have  been  laboring  under  the 
handicap  of  having  small  and  inade- 
quate bond  issues,  to  finance  their  ex- 
panding business  by  new  issues  to  an 
amount  not  only  to  care  for  their  in- 
creased capital  demands,  but  at  the 
same  time  to  retire  the  old  issues  and 
consolidate  their  funded  debts  under  one 
mortgage. 

Statistics  from  the  office  of  the  con- 
troller  of   the   currency   show   that   the 


banks  of  the  country,  national,  state  and 
trust  companies,  have  been  steadily  en- 
larging their  holdings  of  public  utility 
bonds,  and  investment  houses  say  that 
they  have  been  unable  to  obtain  the 
amounts  of  good  public  utility  bonds  re- 
quired to  meet  the  demands  of  their 
customers.  The  man  who  bought  public 
utility  bonds  at  the  opening  of  1916  has 
not  only  had  a  good  investment  yielding 
a  high  rate  of  income,  but  today  finds 
his  holdings  materially  more  valuable 
from  a  market  viewpoint  than  when  he 
purchased  them.  Public  utility  bonds 
are  still  selling  on  a  most  attractive  in- 
come basis,  but  authorities  on  invest- 
ments expect  that  this  steady  and  sus- 
tained advance  will  continue  in  their 
prices  until  they  reach  a  substantially 
lower  income  yield  than  that  on  which 
they  are  now  selling.  For  this  reason 
we  repeat  our  advice  to  our  readers  to 
make  their  investments  in  bonds  of  well- 
managed  and  well-financed  electric  light, 
power  and  railway  companies.  By  doing 
so  they  will  not  only  secure  what  we 
believe  will  be  found  to  be  the  maxi- 
mum of  safety  of  principal  and  interest, 
but  at  the  same  time  they  will  find  that 
their  holdings  will  be  steadily  increas- 
ing in  market  prices.  To  a  more 
marked  degree  the  same  has  been  true 
in  public  utility  preferred  and  common 
stocks  as  in  public  utility  bonds.  The 
average  advance  in  these  stocks  has 
been  much  larger  than  that  in  the  bonds, 
and  the  market  for  all  the  better  known 
issues  has  widened  almost  immeasurably. 
Securities  houses  which  up  to  this  year 
Iiad  never  concerned  themselves  with 
public  utility  securities  have,  in  the  last 
six  months,  added  departments  to  their 
business  dealing  in  these  securities,  and 
they  have  found  that  this  part  of  their 
business  has  been  steadily  growing 
larger. 

The  preferred  and  common  stocks  of 
Cities  Service  Company  have  been  the 
features  of  the  utilities  market,  but, 
while  the  earnings  of  the  electric  light 
and  power  and  street  railway  subsidi- 
aries of  this  company  have  shown  large 
gains,  its  large  increase  in  market  value 
must  be  attributed  to  the  discovery  of 
the  new  and  important  oil  fields  in  But- 
ler County,  Kansas,  owned  by  Empire 
Gas  &  Fuel  Company,  a  subsidiary.  By 
reason  of  the  large  increase  in  assets 
and  earnings  of  Cities  Service  Com- 
pany, due  to  the  development  of  these 
oil  fields,  the  common  stock,  which  was 
selling  at  100  the  first  of  the  year,  has 
advanced  to  350,  and  the  end  of  this  ad- 
vance does  not  seem  to  be  in  sight  as 
yet.  Cities  Service  preferred  stock  has 
advanced  from  74  to  89,  but  this  has 
largely  been  on  the  actual  improved  in- 
vestment value  as  shown  by  the  earn- 
ings of  the  strictly  utility  properties. 
The  dividend  on  this  stock  is  now  being 
earned  more  than  four  times  and.  in  ad- 
dition, its  equity  in  the  properties  of  the 
company  over  and  above  the  par  value 
of  the  preferred,  as  shown  by  the  mar- 
ket value  of  the  common  stock,  is  more 
than  $64000000,  or  almost  twice  the  par 
value  of  the  entire  amount  of  preferred 
stock  outstanding.  Reports  from  the 
strictly  utility  properties  of  Cities  Ser- 
vice Company  indicate  that  for  the  cur- 
rent year  the  preferred  dividend  re- 
quirements   will    be    earned    more    than 


two  and  a  half  times  by  the  utility  prop- 
erties alone  without  considering  the 
revenues  from  the  oil  properties  and 
that,  after  providing  for  the  preferred 
dividends,  there  will  be  close  to  the 
equivalent  of  20  percent  a  year  remain- 
ing for  the  common  stock.  With  the  in- 
clusion of  the  oil  earnings,  the  preferred 
dividend  will  be  earned  more  than  four 
times,  and  more  than  30  percent  will  be 
shown  on  the  common  stock  in  1916. 

Northern  States  Power  Company  of 
Delaware  common  stock  has  advancd 
from  46  to  above  90,  and  an  initial  divi- 
dend of  1.5  percent  has  been  declared  on 
the  stock.  As  stated  some  time  ago 
would  be  the  case,  the  funded  debts  of 
this  company  and  its  subsidiaries  have 
been  consolidated  under  a  new  mort- 
gage, all  short-time  obligations  and 
floating  debts  have  been  liquidated  and 
the  corporate  organization  of  the  sev- 
eral companies  consolidated.  The  pre- 
ferred stock  has  advanced  to  above  97. 

Republic  Railway  &  Light  common 
stock  has  advanced  from  22  to  39.  and 
there  are  reports  that  the  stock  before 
the  end  of  the  year  will  be  placed  on  a 
five  percent  dividend  basis.  The  pre- 
ferred stock  has  gone  from  70  to  77. 
Standard  Gas  &  Electric  common,  which 
was  selling  for  $8  a  share  the  first  of 
the  year,  is  now  $15  a  share,  the  stock 
being  $50  par  value,  and  the  preferred, 
on  which  quarterly  dividends  of  one 
percent,  or  half  the  regular  rate,  are 
being  paid,  has  gone  from  30  to  41. 
Steps  are  being  taken  by  H.  M.  Byllesby 
&  Co.,  the  managers  and  controlling  in- 
terest in  Standard  Gas  &  Electric,  to 
put  the  company  and  its  subsidiaries  on 
a  hrm  financial  basis,  and  much  progress 
along  this  line  has  been  made.  Earn- 
ings of  the  subsidiaries  are  showing 
good  gains,  and  all  indications  point  to 
a  rejuvenation  of  this  company  as  great 
as  that  of  its  sister  company.  Northern 
States  Power,  in  which  Standard  Gas  & 
Electric  owns  a  16  percent  interest. 
Plans  include  a  consolidation  of  funded 
debts,  elimination  of  all  short-time  obli- 
gations and  the  creation  of  a  new  mort- 
gage issue  under  which  all  requirements 
of  the  company  and  its  subsidiaries  may 
be  met  for  years  to  come.  Substantially 
all  floating  debt  has  now  been  paid  and 
a  large  part  of  the  short-time  obliga- 
tions  has  been   funded. 

Tennessee  Railway  Light  &  Power 
stocks  also  have  made  good  gains  since 
the  first  of  the  year.  The  common 
stock  has  advanced  from  7  to  around  12, 
and  the  preferred  from  43  to  52.  Earn- 
ings of  the  subsidiaries  are  showing 
large  gains  and,  while  it  will  be  some 
time  before  the  company  will  be  in  posi- 
tion to  resume  dividends  on  its  pre- 
ferred stock,  good  progress  is  being 
made  towards  that  point.  The  com- 
pany will  require  some  more  financing 
to  provide  for  its  floating  debt  and  to 
secure  the  capital  required  to  meet  the 
great  expansion  of  its  business  which  is 
now  demanding  its  full  generating  ca- 
pacity, but  with  the  present  rate  of 
earnings  this  can  be  accomplished  with- 
out great  difficulty.  Two  new  gener- 
ating stations,  one  steam  and  one  hydro- 
electric are  being  erected. 

These  are  only  a  few  of  the  compa- 
nies  the    stocks    of    which    have    shown 
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great  appreciation  in  the  last  six  months. 
Others  are  Detroit  United  Railway 
stock,  which  has  gone  from  around  70 
to  119;  Northern  Ohio  Traction  & 
Light  common,  from  65  to  86:  Ohio 
Cities  Gas  common,  from  150  to  270; 
Columbia  Gas  &  Electric,  from  11  to  19, 
and  a  number  of  others.  Many  of  these 
stocks  have  only  started  on  their  upward 
movement,  and  if  the  would-be  pur- 
chaser of  gas  and  electric  light  and 
power  and  electric  railway  stocks  will 
keep  close  watch  on  the  market  and  on 
developments  in  these  companies,  he 
will  find  that  he  can  yet  make  many 
profitable  purchases.  With  indications 
that  in  1916  the  central  generating  sta- 
tions of  the  country  will  earn  in  excess 
of  $400000000,  or  16  percent  more  than 
in  1915,  and  with  the  generally  bettered 
financial  conditions  of  these  companies, 
the  investor  will  make  no  mistake  in  se- 
lecting their  securities   for  investments. 


AMERICAN  PUBLIC  UTILITIES 
COMPANY 

American  Public  Utilities  Company  has 
sold  to  Philadelphia  bankers  $1600000 
20  year,  6  percent  secured  bonds  dated 
April  I,  1916.  The  bonds  are  the  direct 
obligation  of  the  company,  which  has 
outstanding  $3914000  six  percent  pre- 
ferred and  $2995000  common  stock. 
The  bonds  also  are  further  secured  by 
the  deposit  with  the  trustee  of  common 
stocks  of  subsidiary  companies  which 
cost  the  holding  company  $6250000  in 
cash  and  are  now  estimated  as  worth 
$8500000.  American  Public  Utilities 
Company  controls  gas  and  electric  light 
and  power  properties  operating  in  a 
number  of  states.  A  subsidiary,  the 
Wisconsin-Minnesota  Light  &  Power 
Company  is  now  constructing  a  50000 
horse-power  hydroelectric  station  on  the 
Chippewa  River  in  Wisconsin,  and  it  is 
expected  to  be  able  to  deliver  power 
from  this  station  January  i,  1917-  A 
large  part  of  the  output  of  the  new  sta- 
tion has  been  sold  under  a  long-time 
contract  to  the  Northern  States  Power 
Company  for  distribution  in  St.  Paul, 
Minneapolis  and  adjacent  territory. 

MIDDLE  WEST  UTILITIES 
COMPANY 
Middle  West  Utilities  Company,  which 
operates  electric  light  and  power  proper- 
ties in  fourteen  states,  serving  349  com- 
munities and  a  population  of  close  to 
I  000  000,  is  offering  an  additional 
amount  of  its  lo-year  collateral  trust  six 
percent  bonds.  There  are  $3400000  of 
these  bonds  now  outstanding,  with  a 
total  of  $6500000  authorized  for  certifi- 
cation by  the  board  of  directors.  They 
are  a  direct  obligation  of  the  company 
and  secured  by  the  deposit  of  mortgage 
bonds  on  the  operated  properties  of  the 
company.  Their  issue  is  restricted  by 
indenture  clauses  in  regard  to  net  earn- 
ings of  the  subsidiaries,  and  they  also 
are  further  secured  by  the  deposit  of  a 
majority  of  the  stock  of  each  company, 
the  bonds  of  which  are  deposited  as  col- 
lateral. In  addition,  there  are  substan- 
tially $11000000  in  market  value  of 
common  and  preferred  stock  of  Middle 
West   Utility   Company  junior  to  these 


bonds.  For  the  year  ended  April  30, 
1916,  it  is  estimated  that  gross  of  sub- 
sidiary companies  will  be  $7  940000,  with 
net  of  $3  051 441,  while  Middle  West 
Utilities  Company  will  have  net  earn- 
ings, applicable  to  payment  of  interest 
on  these  lO-year  bonds,  of  $1  265  600.  As 
it  will  require  but  $390000  to  pay  inter- 
est on  the  entire  $6500000  authorized 
for  certification,  it  may  be  seen  that  the 
interest  will  be  covered  more  than  three 
times. 


INCREASED  EARNINGS  BY  ELEC- 
TRICAL UTILITIES 

Marked  increases  in  earnings  of  the 
electric  light  and  power  and  electric 
railways  of  the  country  were  a  feature 
of  operation  of  these  utilities  for  the 
first  si.x  months  of  1916.  While  in  the 
case  of  the  electric  light  and  power  in- 
dustry of  the  country  there  has  been  a 
steady  increase  in  revenues  even  in  the 
most  depressed  months  of  the  first  year 
of  the  European  war,  the  electric  rail- 
ways of  the  country  were  not  so  for- 
tunate and,  with  the  depressed  business 
conditions  and  the  competition  of  jit- 
neys, revenues  of  these  utilities  suffered 
severely  almost  up  to  the  opening  of 
1916.  The  low  point  in  rate  of  increase 
in  earnings  of  electric  light  and  power 
companies  was  reached  in  February, 
igi6,  when  an  average  gain  of  but  two 
percent  was  shown  over  February,  1915, 
but  from  that  time  on  there  has  been  a 
steady  increase  in  the  rate  of  gain.  By 
May,  1915,  this  rate  of  gain  was  up  to 
5  percent,  and  in  September,  1913,  it 
had  reached  8.5  percent.    For  December, 

1915,  it  was   12  percent,  and  in   March, 

1916,  it  was  18  percent.  At  present  the 
rate  of  gain  is  running  close  to  18  per- 
cent, with  an  average  gain  in  kilowatt- 
hour  output  of  the  central  stations  of 
the  country  of  close  to  24  percent. 

Indications  now  are  that  for  1916  the 
central  station  companies  of  the  United 
States  will  have  total  earnings  in  excess 
of  $400000000,  the  largest  by  far  in  the 
history  of  the  industry.  A  part  of  this 
large  gain  is  due  to  the  normal  increase 
in  the  use  of  electric  current  for  domes- 
tic and  commercial  lighting  and  for 
household  power,  but  by  far  the  great- 
est part  is  due  to  the  greatly  increased 
demand  for  power.  Within  the  last 
year  the  central  station  companies  have 
entered  many  new  power  fields,  and 
with  many  of  the  companies  their  sales 
of  current  for  power  have  been  limited 
only  by  the  generating  capacity  of  their 
stations. 

Especially  have  many  of  the  compa- 
nies developed  the  electric  power  field  in 
the  iron  and  steel  industry.  Several  steel 
mills  have  been  electrically  equipped 
throughout,  and  generating  companies 
at  several  steel  manufacturing  centers 
are  now  more  than  doubling  their  gener- 
ating capacity  to  care  for  this  class  of 
business.  The  electrochemical  industry 
also  has  been  more  largely  developed  in 
the  last  year  in  the  United  States  than 
ever  before.  Electrical  men  say  that  the 
increased  business  which  has  been  put 
on  their  lines  has  come  to  stay,  and  they 
expect  that  the  last  half  of  1916  will 
show  even  greater  progress  in  the  cen- 


tral   station    industry    from    a    revenue 
viewpoint  than  did  the  first  half. 

With  the  electric  railway  the  practical 
elimination  of  the  jitney  as  a  competi- 
tive factor  and  the  vast  improvement  in 
general  business  has  resulted  in  good 
gains  in  revenues.  The  American  Elec- 
tric Railway  Association  estimates  that 
for  the  first  quarter  of  1916  there  was 
an  average  increase  of  8.9  percent  in 
gross  revenues  of  the  electric  railways, 
while  operating  expenses  increased  6.81 
percent  and  net  earnings  gained  12.47 
percent  over  the  first  quarter  of  I9IS- 
Ratio  of  operating  expenses  to  gross 
revenues,  however,  showed  a  decrease, 
being  63.11  percent  of  gross  for  the  first 
quarter  of  191S,  while  for  the  first  quar- 
ter of  1916  it  was  61.90  percent.  Pre- 
liminary reports  from  a  number  of  elec- 
tric railways  for  the  second  quarter  of 
the  year  indicate  that  the  first  six 
months  of  1916  will  show  a  gain  of 
around  10  percent  in  gross  revenues  as 
compared  with  the  first  six  months  of 
1915.  The  figures  so  far  at  hand  also 
indicate  that  1916  will  be  the  best  year 
from  a  revenue  viewpoint  in  the  history 
of  the  electric  railway  indu.stry  of  the 
country.  With  the  showing  in  earnings 
now  being  made  by  the  electric  light  and 
power  and  the  electric  railway  industry 
of  the  country  it  is  not  difficult  to  see 
why  the  securities  of  these  companies 
have  been  steadily  advancing  since  the 
first  of  the  vear. 
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AMERICAN   GAS   &   ELECTRIC 

The  rapid  rate  at  which  revenues  of 
the  subsidiaries  of  American  Gas  & 
Electric  Company  have  been  gaining  is 
shown  by  the  fact  that,  while  the  aver- 
age rate  of  gain  in  the  kilowatt-hour 
output  of  the  central  station  companies 
of  the  country  in  1915  was  10.9  percent, 
the  average  rate  of  increase  in  output  of 
the  generating  stations  of  these  sub- 
sidiaries for  1915  over  1914  was  33.8 
percent.  How  rapidly  new  business  is 
being  connected  to  the  lines  of  these 
companies  is  shown  by  the  statement 
that  in  May,  1916,  new  business  from 
2347  customers,  with  an  estimated  an- 
nual revenue  of  $196485  and  a  guaran- 
teed annual  revenue  of  $124782,  was 
taken  on,  while  for  the  12  months  ended 
May  31,  1916,  the  new  business  attached 
to  the  lines  of  the  subsidiaries  em- 
braced an  estimated  annual  revenue  of 
$1480209,  with  a  guaranteed  annual 
revenue  of  $673  774,  commg  from  23  057 
customers.  The  new  power  business  in 
May,  1916,  was  5819  horse-power,  and 
in  12  months,  45  239  horse-power. 

One  of  the  largest  contracts  recently 
taken  for  power  by  a  subsidiary  was 
that  of  the  Ohio  Light  &  Power  Com- 
pany for  4000  horse-power  to  be  deliv- 
ered to  the  Ohio  Seamless  Tube  Com- 
pany at  Shelby,  O.  The  current  will  be 
transmitted  from  the  Tiffin  generating 
station  of  the  company,  and  eventually 
the  load  will  be  largely  increased,  as  the 
tube  company  is  preparnig  to  electrify 
its  entire  plant,  which  is  now  using 
about  6000  horse-power  of  steam  units. 
The  consumer  under  this  contract  takes 
the  current  at  its  high-tension  delivery 
of  66000  volts. 

Because  of  large  amounts  being 
charged  in  operating  expenses  for  re- 
newals and  replacements  at  some  of  the 
subsidiary  plants,  the  usual  large  gain  in 
surpluswas  not  shown  by  the  combined 
properties  for  April,  1916.  Average  gain 
in  gross  of  the  subsidiaries  was  15.7  per- 
cent, in  net  5.1  percent,  and  in  surplus 
after  charges  1.2  percent,  compared  with 
April,  1915. 


NIAGARA  FALLS  POWER 
Niagara  Falls  Power  Company,  with 
its  subsidiary,  the  Canadian  Niagara 
Power  Company,  closed  its  fiscal  year 
m  excellent  condition.  Combined  gross 
of  the  companies  increased  $49567, 
while  total  income  was  larger  by  $96  749 
than  for  1914.  The  surplus,  after  all 
charges,  for  1915  was  $1028058,  com- 
pared with  $969543  in  1914.  In  regard 
to  the  operations  for  1915  President  Ed- 
ward Wickes  said  : — "During  the  first 
half  of  the  year  earnings  continued  to 
be  adversely  affected  by  the  business  de- 
pression. A  marked  reversal  of  this 
condition  occurred  later,  which  par- 
ticularly affected  important  industries 
served  by  the  company.  The  demand 
for  a  larger  output  of  their  several 
products  resulted  in  the  higher  load 
factor  and  increased  sales  of  power. 
Gains  in  earnings  in  the  later  months  of 
the  year  were  sufficient  to  overbalance 
earlier  decreases  and  to  furnish  sub- 
stantial grounds  for  anticipating  the  re- 
establishment  of  the  continuity  of  yearly 


increases  shown  prior  to  1914.  The 
great  basic  industries  at  Niagara  Falls 
connected  with  our  power  houses  are 
now  applicants  for  further  blocks  of 
power  which,  under  existing  conditions, 
we  cannot  furnish." 

During  the  year  Canadian  Niagara 
Power  Company  began  installing  in  its 
completed  power  house  three  additional 
12  500  horse-power  generating  units. 
The  delivery  of  the  turbines  has  been 
sornewhat  delayed,  but  shipments  are  to 
begin  at  once,  and  the  work  will  pro- 
ceed rapidly  to  completion.  The  board 
has  authorized  the  rebuilding  of  the 
transmission  lines  to  Buffalo,  and  about 
one-sixth  of  this  work  has  been  com- 
pleted without  interruption  to  service. 

After  nearly  20  years'  participation  in 
the  establishment  and  use  of  Niagara 
power  in  Buffalo,  the  company  has  sold 
its  interest  in  the  Cataract  Power  & 
Conduit  Company  to  the  Buffalo  Gen- 
eral Electric  Company,  which  has  as- 
sumed all  obligations  of  the  Cataract 
Power  &  Conduit  Company. 


WEST  PENN  TRACTION 
COMPANY 

West  Penn  Traction  Company  and  its 
subsidiaries,  including  the  West  Penn 
Power  Company,  are  reflecting  in  their 
improved  earnings  the  wonderful  indus- 
trial expansion  in  the  Pittsburgh  dis- 
trict. For  April,  1916,  combined  gross 
earnings  of  the  West  Penn  Traction 
properties  increased  $110272  over  April, 
1915,  while  net  increased  $59796,  and 
surplus,  after  charges,  $38  190.  For  the 
first  four  months  of  1916  gross  of  the 
properties  showed  a  gain  of  $374692, 
with  increases  of  $254  288  in  net,  and  of 
$192  032  in  surplus.  The  extensions  and 
addition  to  the  generating  and  transmis- 
sion facilities  of  West  Penn  Power,  an- 
nounced when  that  company  was  organ- 
ized, are  being  rapidly  completed,  and 
officials  of  the  companies  look  for  even 
larger  earnings  for  the  last  half  of  the 
year  than  are  being  made  in  the  first 
half. 


NORTHERN  OHIO  TRACTION 
&  LIGHT 

The  Northern  Ohio  Traction  &  Light 
Company  in  May  had  a  gross  increase 
of  98721,  and  an  increase  in  net  avail- 
able for  common  of  $29259.  The 
month's  net  available  for  common  was 
$93419.  or  more  than  1  percent.  For 
the  first  five  months  of  the  year  net 
available  for  common  was  $409824,  an 
increase  of  $223  491  ;  this  net  is  at  tlie 
rate  of  11  percent  on  common  stock  for 
the  year. 


CITIES  SERVICE  COMPANY 

^  The  gross  earnings  of  Cities  Service 
Company  for  M^y  were  $709085,  an  in- 
crease o'  ■  )2t  720,  or  147  percent,  over 
May,  1  If.  The  surplus  for  dividends 
wa:  S'J4  85i,  a  gain  of  $412678,  or  177 
percent,  and  the  balance  for  the  com- 
mon stock  was  $473496,  an  increase  of 
$372156,  or  367  percent.  For  the  first 
five  months  of  the  current  year  the 
gross  totaled  $3324306,  an  increase  of 
^i  533  16^'.   or   86   percent,   as    compared 


with  the  corresponding  period  of  1915. 
The  surplus  for  dividends  amounted  to 
$3010253,  a  gain  of  $1491227,  or  98 
percent,  and  the  balance  for  the  com- 
mon stock  $2  i66  546,  an  increase  of 
$1  301  684,  or  150  percent.  It  is  interest- 
ing to  note  that  the  balance  for  the 
common  stock  for  the  first  five  months 
of  1916  was  greater  than  for  the  entire 
12  months  ending  May  31,  1915.  For 
the  12  months  ending  May  31,  1916,  the 
gross  earnings  were  $6012969,  a  gain 
of  $2060169,  equal  to  52  percent,  as 
compared  with  the  12  months  ending 
May  31,  1915.  The  surplus  for  divi- 
dends was  $5308171,  an  increase  of 
$1  976  800,  or  59  percent,  while  the  bal- 
ance for  common  was  $3548624,  regis- 
tering a  gain  of  $1823248,  or  106  per- 
cent. The  preferred  issue  dividends 
were  earned  3.01  times,  as  against  2.07 
for  the  previous  period.  This  margin 
of  safety  places  the  preferred  in  an  en- 
viable position.  While  the  earnings 
were  at  the  rate  of  21.98  percent  on  the 
average  amount  of  common  stock  out- 
standing, as  compared  with  11.41  percent 
for  the  preceding  12  months,  for  the 
month  of  May,  1916,  the  balance  for  the 
common  was  at  an  annual  rate  of  31.46 
percent.  The  substantial  progress  of 
the  subsidiaries  of  the  Cities  Service 
Company  is  shown  by  the  fact  that 
gross  earnings  of  these  properties  for 
the  12  months  ending  April  30,  1916, 
were  $25103110,  as  compared  with 
$19757594  for  the  preceding  12  months, 
an  increase  of  $5  345  517,  or  27  percent. 
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UNITED  LIGHT  &  RAILWAYS 
COMPANY 

United  Light  &  Railways  Company  is 
now  showing  gains  in  earnings  which,  i^f 
continued  over  the  end  of  the  year,  will 
result  in  better  than  ID  percent  being 
earned  for  its  common  stock  the  current 
year.  For  1916  it  is  estimated  that  the 
combined  earnings  of  the  operated 
properties  will  be  in  excess  of  $7000000, 
and  that  the  surplus  for  the  common 
stock  of  the  holding  company  will  be 
more  than  $700000,  or  better  than  10 
percent  on  the  outstanding  issue.  In 
1915  United  Light  &  Railways  spent 
almost  $900000  for  capital  improve- 
ments at  its  various  operated  properties 
and  for  1916  appropriations  for  capital 
expenditures  for  extensions  to  services 
and  additions  to  properties  will  total 
about  $1  500  000.  This  large  outlay  is 
necessary  by  reason  of  the  heavy  de- 
mands being  made  for  service  on  the 
subsidiary  companies.  United  Light  & 
Railways  has  an  uninterrupted  dividend 
record  on  its  6  percent  preferred  stock, 
but  in  the  summer  of  1914  the  company 
suspended  the  quarterly  dividends  of  i 
percent  on  its  common  stock.  With 
earnings  running  as  they  now  are,  and 
with  the  company  in  its  present  excel- 
lent financial  condition,  there  is  no  ques- 
tion but  that  the  dividends  on  the  com- 
mon stock  will  be  resumed  soon,  and  it 
is  expected  in  the  Fall  the  stock  will 
again  be  placed  on  a  regular  quarterly 
dividend  basis. 


porate  organization  of  the  group  was 
recently  greatly  simplified  by  the  con- 
solidation of  a  number  of  underlying 
companies  and  financing  has  been  pro- 
vided for  a  long  period  ahead.  The 
company  has  just  doubled  the  capacity 
of  its  principal  generating  station  at 
Lowellville,  O.,  bringing  it  up  to  40000 
horse-power.  The  wonderful  industrial 
expansion  in  the  Youngstown  and 
Sharon  districts  has  resulted  in  large 
gains  in  earnings  of  Republic  Railway 
&  Light  subsidiaries,  their  combined 
gross  for  April,  1916,  showing  a  gain  of 
38  percent  over  April,  1915,  while  net 
increased  49  percent  and  the  surplus  for 
dividends  93  percent. 


H.  M.  BYLLESBY  &  CO. 
PROPERTIES 
Standard  Gas  &  Electric  Company  and 
Northern  States  Power  Company,  the 
two  principal  holding  organizations  con- 
trolled by  H.  M.  Byllesby  &  Co.,  are  re- 
porting large  gains  in  earnings  of  their 
affiliated  properties.  For  April,  1916, 
consolidated  gross  of  these  properties 
showed  gains  of  9  percent  over  April, 
igiS,  while  the  consolidated  net  was 
larger  by  11  percent.  Louisville  Gas  & 
Electric  reported  gains  of  15  percent  in 
gross  and  of  24  percent  in  net  for  the  12 
months  ended  April  30,  1916,  while  Min- 
neapolis General  Electric  Company  is 
now  reporting  increases  of  27  percent 
over  a  year  ago. 


REPUBLIC  RAILWAY  &  LIGHT 

Earnings  of  Republic  Railway  &  Light 
Company,  available  for  dividends  on  its 
common  stock,  are  now  running  at  a 
rate  of  more  than  10  percent  annually 
on  the  outstanding  issue,  and  the  board 
is  considering  the  payment  of  an  initial 
dividend  on  the  junior  issue.  It  is  not 
probable  that  the  declaration  will  be 
made  until  in  the  last  half  of  the  year, 
but  at  that  time  it  is  considered  almost 
certain  that  the  stock  will  be  placed  on 
a  1.25  percent  quarterly  basis.  The  com- 
pany has  an  uninterrupted  dividend 
record  on  its  preferred  stock,  but  has 
not  as  yet  paid  any  dividends  on  its 
common  stock.  Republic  Railway  & 
Light  properties  are  located  in  the 
Sharon  and  Youngstown  districts,  and 
consist  of  electric  railway,  electric  light 
and  power  and  gas  properties.    The  cor- 
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"Property  Insurance :  Fire" — Lester  W. 
Zartman  and  W.  H.  Price.  408  pages, 
size  5.X7  inches.  Published  by  Yale 
University  Press.  Price  2.25. 
This  book  comprises  a  series  of  lec- 
tures on  fire  insurance  by  different  au- 
thors. These  lectures  are  intended  to 
provide  a  comprehensive  understanding 
of  the  fire  insurance  business,  and 
covers  history,  contracts  and  protection. 
It  is  with  the  latter  considerations  that 
the  engineering  profession  should  be 
most  concerned.  It  is  one  thing  to  erect 
an  expensive  plant  and  it  is  another 
to  protect  it  against  loss  at  minimum 
expense.  The  problem  of  securing  low 
rates  for  fire  protection  has  not  been 
taken  up  in  the  universal  manner  it  de- 
serves. In  the  aggregate  enormous  sav- 
ings could  be  effected.  The  manager 
and  engineer  should  have  a  full  knowl- 
edge of  the  basis  of  insurance  contracts, 
the  principle  of  rate-making,  the  co- 
insurance clause,  etc.  These  lessons  are 
often  learned  after  some  sad  experience 
and  heavy  losses  have  been  suffered.  In 
these  enlightened  days  the  progressive 
owner  takes  advantage  of  the  experi- 
ence of  others,  and  in  this  book  will  be 
found  the  opportunity  for  one  to  fa- 
miliarize himself  with  the  underlying 
factors  of  the  fire  insurance  business. 

E.  D.  D. 


"Ozone  — Its  Manufacture,  Properties 
and  Uses" — A.  Vosmaer.  197  pages, 
75  illustrations.  Published  by  D.  Van 
Nostrand  Company.  New  York  City. 
For  sale  by  The  Electric  Journ.\l. 
Price  $2.50. 

An  excellent  discussion  of  the  proper- 
ties of  a  little  known  substance.  But 
little  practical  use  has  been  made  of 
ozone  for  the  purification  of  water  or  in 
industrial  chemistry  in  America,  al- 
though there  are  many  applications  to 
the  purification  of  air,  especially  in  res- 
taurants and  hospitals.  In  Europe,  how- 
ever, ozone  is  extensively  used  in  the 
sterilization  of  drinking  water,  the  au- 
thor giving  a  list  of  twenty-si-x  installa- 
tions in  France,  four  in  Roumania,  seven 
in  Germany,  six  in  Italy,  three  in  Rus- 
sia, one  in  Austria,  one  in  Spain,  in  ad- 
dition to  three  in  South  America.  These 
installations  include  some  of  the  most 
important  cities  in  Europe,  the  largest, 
at  Paris,  having  a  capacity  of  24  000  000 
gallons  of  water  sterilized  per  24  hours. 
In  addition  to  the  successful  applications 


which  have  already  been  made,  the  au- 
thor points  out  the  possibility  of  a  more 
extended  use  of  ozone  as  an  oxidizer  in 
many  industrial  and  chemical  fields. 
Ozone  is  a  most  energetic  oxidizing 
agent  at  ordinary  temperatures  and  Can 
accomplish  reactions  never  performed 
by  oxygen  under  similar  circumstances. 
Its  principal  opportunity  is,  however,  in 
organic  chemistry  rather  than  in  the  in- 
organic field.  The  book  is  divided  into 
four  parts.  The  first  deals  with  the 
early  history,  constitution,  nature,  oc- 
currence and  properties  of  ozone  and 
tests  for  its  presence.  The  second  part 
deals  with  its  manufacture,  principally 
by  electrical  methods.  Electrical  dis- 
charges are  treated  fully,  both  from  the 
theoretical  and  practical  standpoint,  in- 
cluding a  discussion  of  the  influence  of 
the  medium  through  which  the  discharge 
gases ;  the  influence  of  the  electrodes ; 
the  effect  of  the  kind  of  current,  with 
respect  to  voltage,  frequency,  wave 
form,  direct  or  alternating;  the  influ- 
ence of  the  electric  circuit ;  the  influence 
of  radiation,  magnetic  and  electric 
fields ;  and  the  influence  of  a  dielectric 
between  the  electrodes.  Various  types 
of  ozonators  are  described  in  detail. 
Part  III  describes  the  use  of  ozone  in 
the  purification  of  water;  purification  of 
air ;  therapeutic  uses ;  and  its  use  in  in- 
dustry. Part  IV  gives  a  list  of  Amer- 
ican patents  bearing  on  ozone  and  an 
extensive  bibliography.  This  book  gives 
a  comprehensive  and,  we  believe,  au- 
thoritative treatment  of  the  subject.  It 
is  unique  in  that  the  author  frankly  con- 
fesses his  individual  preference  for  the 
apparatus  of  certain  manufacturers,  a 
confession  which  is  unusual  and  which 
to  man}'  will  seem  out  of  place  in  a 
work  of  this  nature.  c.  R.  R. 


"Principles  of  Electrical  Design"  — 
Alfred  Still.  365  pages,  145  illustra- 
tions. Published  by  McGraw-Hill 
Book  Company.  Price  $3.00. 
This  work  by  the  professor  of  elec- 
trical design  at  Purdue  University  is 
intended  mainly  for  students  in  elec- 
trical engineering.  No  attempt  is  made 
to  deal  adequately  with  the  mechanical 
problems  involved  in  the  design  of  elec- 
trical machinery.  Detailed  design  sheets 
are  given  for  the  use  of  students  in 
going  through  various  calculations  of 
elementary  machines.  It  is  now  gener- 
ally recognized  that  actual  design  has 
very  little  place  in  an  engineering  course 
except  possibly  as  a  means  of  showing 
the  application  of  fundamental  princi- 
ples. It  is  also  recognized  that  only  a 
very  small  percentage  of  graduates  in 
electrical  engineering  become  actual  de- 
signers, so  that  for  the  majority  of 
students  this  subject  is  not  of  vital  im- 
portance. Certain  fundamental  ideas, 
however,  can  be  applied  in  such  a 
course,  including  the  review  and  appli 
cation  of  laws  and  rules  already  studied, 
which  may  be  of  considerable  assistance 
to  the  student  in  mastering  his  subject. 
The  general  scope  of  the  work  is  much 
the  same  as  other  books  on  similar 
topics,  although  the  method  of  treat- 
ment is  original.  Desigiis  are  given  for 
both  direct  and  alternating-current  ma- 
chines. 


PERSONALS 
Mr.  Aaron  Dean,  formerly  resident 
manager  of  the  New  York  office  of  the 
Union  Switch  &  Signal  Company,  has 
been  appointed  special  representative, 
with  headquarters  in  New  York.  Mr. 
W.  P.  Allen  has  been  appointed  resident 
manager. 

Mr.  H.  O.  Swolioda,  consulting  engi- 
neer, Empire  building,  Pittsburgh,  has 
been  retained  by  the  borough  of 
Monaca,  Pa.,  as  consulting  engineer  in 
conducting  negotiations  with  the  local 
lighting   companj'. 
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Mr.  Edmund  J.  Henkhe,  for  over 
eight  years  with  the  Russian  and  British 
VVestinghouse  companies,  and  more  re- 
ce'ntly  assistant  to  the  president  of  the 
International  Textbook  Company,  of 
Scranton,  Pa.,  has  resigned  from  the 
latter  concern  to  become  assistant  gen- 
eral manager  in  charge  of  engineering 
and  sales  department  of  the  Thomson 
Electric  Welding  Company,  of  Lynn, 
Mass. 


UP' 


and  later  with  the  Westinghouse  Elec- 
tric &  Mfg.  Company,  where  he  re- 
mained until  he  became  associated  with 
the  Detroit  Electric  Railways  in  charge 
of  electrical  equipment. 


Mr.  F.  W.  Brook,  formerly  general 
manager,  has  been  elected  to  succeed 
Mr.  J.  C.  Hutchins  as  president  of  the 
Detroit  United   Railway  Compan}-. 


Mr.  R.  E.  Carlson,  formerly  connected 
with  the  industrial  sales  department  of 
the  Westinghouse  Electric  &  Mfg.  Com- 
pany, Chicago  office,  has  resigned  to  ac- 
cept the  position  of  vice  president  and 
sales  manager  of  C.  A.  Hoppin  &  Co., 
engineers   and   constructors,   Peoria,   111. 


Mr.  D.  R.  McNeal  has  resigned  from 
his  position  with  the  Westinghouse  Ma- 
chine Company,  East  Pittsburgh,  to 
enter  the  employ  of  Dravo-Doyle,  of 
Pittsburgh,  headquarters  in  Philadel- 
phia. 


Mr.  E.  J.  Burdick  has  been  appointed 
assistant  general  manager  of  the  De- 
troit United  Railways  Company.  He 
was  formerly  with  the  Brush  Electrical 
Manufacturing   Company   of    Cleveland, 


The  Hotel  Walton  of  Philadelphia 


Offers  a  cosy 
comfortable 
fiome  to  all 
who  seek  high 
class  service, 
whether  for  a 
day  or  an  in- 
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And  a  1 1  this 
combined  with 
every  modem 
convenience, 
can  be  had  at  a 
very  moderate 
cost. 

A  New  Roof 
Garden 

will  be  opened 
June  1st,  which 
will  be  the  most 
delightful  place 
in  Philadelphia 
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Eugene  G.  Miller,  Manager 
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Roller  -  Smith 
C  o  m  p  any,  233 
Broadway,  New 
York,  has  re- 
cently published 
its  Bulletin  No. 
300,  d  e  s  cribing 
its  portable  di- 
rect-reading slide 
wire  ohmmeters. 
These  instru- 
ments are  made 
up  in  both  the 
tele  phone  and 
g  a  I  V  a  nometer 
types.  Copies  of 
this  bulletin  will 
be  sent  on  re- 
quest. 


Mr.  F.  L.  Francisco,  senior  member  of 
the  engineering  firm  of  Francisco  & 
Jacobus,  consulting  engineers.  New 
York  City,  has  been  appointed  by  Mayor 
Thompson,  of  the  city  of  Chicago,  as 
the  city's  representative  on  the  Board  of 
Supervising  Engineers,  Chicago  Trac- 
tion, A  little  more  than  a  year  ago  Mr. 
Francisco  began  a  study  of  electrolysis 
conditions  in  Chicago  and  thus  has  al- 
ready been  in  close  touch  with  the  de- 
tails of  the  street  railway  system  of 
Chicago. 


Mr.  J.  N.  Hopwood,  superintendent 
of  power  for  the  West  Penn  Traction 
Company,  Pittsburgh,  Pa.,  has  resigned 
to  accept  the  position  of  sales  manager 
of  the  stoker  and  specialty  department 
of  the  George  J.  Hagan  Company, 
Pittsburgh. 


Mr.  G.  T.  McFarland,  New  England 
district  engineer  of  the  automobile 
equipment  division  of  the  Westinghouse 
Electric  &  Mfg.  Company,  has  resigned 
to  accept  the  position  of  manager  of  the 
Ashwell  Service  Stations,  Hartford, 
Conn.,  dealers  in  all  kinds  of  electrical 
equipment  for  automobiles. 


The  Gamewell  Fire-Alarm  Telegraph  Co. 

General  Offices  and  Works  : 
NEWTON  UPPER  FALLS,  MASS. 


Manufacturers  and  Contractors  for  57  years 

FIRE-ALARM  AND  POLICE  SIGNAL 
TELEGRAPHS 

Over  5000  plants  installed  in  the  United  States.       Special 

attention  is  paid  to  the  protection  of  public  institutions, 

industrial  [corporations    and    railroad    properties 


M.  BOND   &   COMPANY,   """TERBvZmE.'ENo'SrNT'"' 


(Established   1795) 


Insulation 
Tapes 

Silk,  Cotton  and  Linen  of  various 
qualities   and    thicknesses   for 

flrmalure  and  otner  ElBctrical  WorR 


Please  mention  The  Eleetrie  Journal  zvhen  writing  to  advertisers 


24 


THE    ELECTRIC   JOURNAL 


NATIONAL   EXPOSITION    OF 
CHEMICTL  INDUSTRIES 

The  week  of  September  25  will  be  a 
very  important  one  in  the  history  of 
chemistry  and  electrochemistry  in  Amer- 
ica, for  the  Second  National  Exposition 
of  Chemical  Industries  will  be  held  in 
New  York  all  through  that  week.  The 
American  Electrochemical  Society  will 
meet  in  New  York  during  the  same 
week,  September  28,  29  and  30.  The 
outline  of  the  program  has  just  been  an- 
nounced : 

Wednesday,  September  .'7 — Evening, 
general  reception,  with  registration  at 
the  Chemical  Exposition,  Grand  Central 
Palace. 

Thursday,  September  28  —  Forenoon, 
reading  and  discussion  of  papers;  gen- 
eral subject.  "Made  in  America.'  After- 
noon, visiting  the  Exposition.  Evening, 
complimentary  smoker.  An  invitation 
will  be  extended  to  the  members  of  the 
American  Chemical  Society  and  other 
visiting  chemists  and  engineers. 

Friday,  September  2g  —  Forenoon, 
reading  and  discussion  of  papers.  After- 
noon, visiting  the  Exposition.  Evening, 
subscription   dinner-dance. 

Saturady,  September  30  —  Forenoon, 
reading  and  discussion  of  papers.  After- 
noon, visiting  the  Exposition. 


ILLUMINATING  ENGINEERING 
LECTURE  COURSE 

The  Illuminating  Engineering  Society 
has  decided  to  hold  a  second  series  of 
lectures  at  the  University  of  Pennsyl- 
vania, Philadelphia,  from  September  21- 
28,  inclusive,  immediately  following  the 
annual  convention  of  the  Illuminating 
Engineering  Society.  The  course  will 
include  about  twenty  lectures  on  the 
principles  of  illumination  and  various 
aspects  of  lighting  practice.  Whereas 
the  1910  course,  at  Baltimore,  empha- 
sized the  science  of  ilhmiination,  the 
new  course  will  emphasize  the  art  of 
illumination.  Associated  with  the  lec- 
tures will  be  an  exhibition  of  the  latest 
developments  in  illuminating  appliances, 
including  lamps,  accessories,  photo- 
meters, etc.,  together  with  novel  appli- 
cations of  light.  In  connection  with  the 
lecture  course  there  will  be  an  inspec- 
tion tour.  This  will  be  laid  out  in  such 
a  manner  as  to  afford  the  maximum  of 
educational  value  with  a  minimum  of 
time  and  expense.  It  will  include  visits 
to  manufacturing  establishments,  labor- 
atories, lighting  companies  and  notable 
installations. 

Prctiininary  List  of  Subjects—  (a) 
General— (i)  "Illumination  Units  and 
Calculations,"  by  A.  S.  McAllister;  (2) 
"Modern  Photometry,"  by  Clayton  H. 
Sharp;  (3)  "The  principles  of  Interior 
Illumination"  (two  lectures),  by  J.  R. 
Cravath,  chairman;  (4)  "The  Principles 
of  Exterior  Illumination,"  by  Louis 
Bell;  (5)  "Color  in  Lighting,"  by  M. 
Luckiesh;  (6)  "Architectural  and  Deco- 
rative Aspects  of  Lighting,"  by  Guy 
Lowell ;  (7)  "Recent  Developments  in 
Electric  Lighting  Appliances,"  by  G.  H. 
Stickney;  (8)  "Recent  Developments  in 
Gas  Lighting  Appliances,"  by  R.  F. 
Pierce;  (9)  "Modern  Lighting  Acces- 
sories," by  W.  F.  Little. 

(b)  Special  Lectures  on  Interior  Illu- 
mination— (lo)  "The  Lighting  of  Fac- 
tories, Mills  and  Workshops,"  by  C.  E. 
Clewell;  (11)  "The  Lighting  of  Offices, 
Stores  and  Shop-Windows."  by  Nor- 
man Macbeth;  (12)  "The  Lighting  of 
Schools,  Auditoriums  and  Libraries," 
by  F.  A.  Vaughn;   (13)    "The  Lighting 


of  Churches,"  by  E.  G.  Perrot ;  (14) 
"The  Lighting  of  the  Home,"  by  W.  H. 
Jordon ;  (15)  "Railway  Car  Lighting," 
by  G.  E.  Hulse. 

(c)  Special  Lectures  on  Exterior  Illu- 
mination—  (16)  "Street  Lighting"  (two 
lectures),  by  P.  S.  Millar  and  C.  F.  La- 
combe;  (17)  "The  Lighting  of  Yards, 
Docks  and  Other  Outside  Works,"  by 
J.  L.  Minick;  (18)  "Headlights,  Search- 
lights and  Projectors,"  by  E.  J.  Ed- 
wards; (19)  "Sign  Lighting,"  by  L.  G. 
Shepard ;  (20)  "Building  Exterior,  Ex- 
position and  Pageant  Lighting,"  by  W. 
D'A.  Ryan. 

The  price  of  tickets  for  the  lecture 
course  has  been  fixed  at  $25.  It  is  de- 
sired to  ascertain,  as  early  as  possible, 
the  approximate  number  of  people  who 
will  take  advantage  of  this  lecture 
course.  For  information  or  application 
blanks  address  Mr.  Preston  S.  Millar, 
Chairman,  Eightieth  street  and  East  End 
avenue.  New  York  City. 


NEW  BOOKS 
"Central    Station    Management" — H.    C. 

Gushing,   Jr.,    and    Newton    Harrison. 

397  pages,  size  4x6  inches.     Published 

by  D.   Van   Nostrand   Company,   New 

York  City.     Price  $2.00. 

The  authors  in  their  treatment  of  this 
subject  have  logically  taken  up  the 
broader  problems  of  the  electric  light 
industry.  This  field  has  a  great  many 
ramifications  and  involves  extensive  de- 
tails. The  many  branches  have  been 
presented  in  specific  manner  in  various 
technical  journals  and  the  Proceedings 
of  the  National  Electric  Light  Associa- 
tion and,  therefore,  much  information  is 
on  file.  However,  there  is  a  lack  of 
books  taking  up  these  problems  in  a 
composite  fashion,  and  the  authors'  con- 
tribution will  aid  in  filling  a  long- felt 
want.  Among  the  topics  which  are  par- 
ticularly discussed  are  rates,  eflficient 
illumination,  public  service  regulation, 
plant  economies,  district  steam  heating, 
conduct  of  sales  organization,  etc.  There 
are  in  all  32  interesting  chapters,  which 
should  be  profitable  to  those  who  are 
striving  to  increase  their  perspective  of 
the  central  station  situation.  E.  D.  v>. 


"The   Engineer   in    War" — P.    S.    Bond. 

187  pages,  72  illustrations.     Published 

by  McGraw-Hill   Book  Company,  New 

York  City.     Price  $1.50. 

In  these  days  of  co-ordinated  trench 
warfare  over  a  front  of  hundreds  of 
miles,  of  aeroplane  scouts,  wireless  com- 
munication automobile  transportation 
and,  above  all,  of  extensive  artillery 
combats,  requiring  months  of  prelimi- 
nary industrial  preparation,  it  is  evident 
that  the  engineer  plays  a  prominent  part 
in  modern  warfare,  both  at  the  battle 
front,  in  the  lines  of  communication  and 
in  the  munition  and  equipment  factories 
at  the  base  of  supplies.  "The  Engineer 
in  War,"  by  Major  P.  S.  Bond,  of  the 
Corps  of  Engineers,  U.  S.  Army,  out- 
lines to  civilian  engineers  the  activities 
of  the  American  army  engineer  and  the 
part  that  the  civilian  engineer  can  be 
quickly  trained  to  perform.  Military 
engineering  is  essentially  different  from 
commercial  engineering  in  that  cost  and, 
in  fact,  nearly  all  other  considerations, 
are  sacrificed  to  rapidity ;  the  structures 
are  usually  built  to  meet  a  temporary 
need  and  are  constructed  by  temporary 
makeshifts;  labor  in  the  form  of  troops 
is  plentiful,  and  is  used  where  machin- 
ery would  be  used  by  the  civilian  engi- 
neer.    The  economics  of  military  enj 


necring  are  brought  out,  together  with 
their  application  to  the  more  common 
military  engineering  feats,  such  as 
bridge  and  road  building,  field  fortifica- 
tion and  siege  operations,  demolitions, 
reconnaissance  and  surveying,  sanita- 
tion and  mobilization.  The  introductory 
chapter  discusses  the  present  military 
policy  of  the  United  States,  and  the 
concluding  chapter  treats  of  the  mili- 
tar3'  obligations  which  good  citizenship 
imposes  on  the  civilian  engineer.  An 
elaborate  bibliography  and  glossary  of 
military  terms  is  appended.  From  the 
standpoint  of  the  reader  it  is  unfortun- 
ate that  the  appearance  of  so  excellent  a 
work  should  be  spoiled  by  the  excessive 
use  of  bold-face  type,  intended  evidently 
to  emphasize,  the  net  result  being,  how- 
ever, confusing  rather  than  emphatic. 
The  electrical  engineer  will  regret  that 
the  use  of  field  telephones  and  portable 
wireless  outfits  is  entirely  neglected. 

C.  R.  R. 

"Value  for  Rate-Making" — Henry  Floy. 
322  pages,  one  insert  diagram.  Pub- 
lished by  McGraw-Hill  Book  Com- 
pany. Price  $4.00. 
This  book  may  be  considered  as  sup- 
plementing the  author's  first  book,  enti- 
tled "The  Valuation  of  Public  Utility 
Properties,"  and  is  an  attempt  to  fur- 
ther emphasize  a  number  of  essential 
principles  and  to  aid  in  standardization. 
Practically  every  utility  property  in- 
clutjcs  a  certain  number  of  non-physical 
elements  which  should  be  evaluated  and 
allowed  in  addition  to  the  tangible  ele- 
ments. This  is  a  phase  of  the  subject 
on  which  there  is  a  great  variety  of 
opinion,  and  the  author's  long  experi- 
ence in  this  line  of  work  should  carry 
considerable  weight.  He  gives  numer- 
ous court  decisions  embracing  typical 
cases  as  a  means  of  showing  the  general 
trend  in  valuation  work.  Among  the 
topics  discussed  most  thoroughly  are, — • 
the  cost  of  reproduction ;  land,  paving 
and  water  rights ;  franchises,  working 
capital  and  bond  discounts  ;  going  value ; 
absolute  and  theoretical  depreciation. 
Public  utility  men  and  public  service 
commission  officials  will  doubtless  find 
this  work  of  considerable  value  as  sum- 
marizing present-day  conclusions  on  the 
subject.  

"Theory  and  Calculation  of  Alternating- 
Current  Phenomena"  —  Charles  P. 
Steinmetz.  480  pages,  222  illustra- 
tions. Published  by  the  McGraw-Hill 
Book  Company,  New  York  City.  Price 
$4.00. 

This  is  the  fifth  edition  of  this  work, 
the  original  of  which  appeared  nearly 
twenty  years  ago.  The  fourth  edition 
vyas  a  volume  of  746  pages.  Since  that 
time  it  has  been  found  necessary  to  di- 
vide the  work  into  three  volumes  in 
order  to  treat  adequately  the  numerous 
advances  in  electrical  engineering.  The 
present  book  includes  under  the  old 
title  the  discussions  of  the  most  com- 
mon and  general  phenomena  and  ap- 
paratus, and  it  is  planned  to  present  two 
new  volumes  under  the  titles,  "Theory 
and  Calculation  of  Electric  Circuits" 
and  "Theory  and  Calculation  of  Elec- 
trical Apparatus,"  the  three  books  em- 
bracing the  general  scope  covered  by  the 
original  first  edition.  In  the  present  edi- 
tion certain  changes  have  been  made  in 
the  method  of  vector  representation  in 
accordance  with  the  decision  of  the  In- 
ternational Electrical  Congress  at  Turin. 
The  general  arrangement  and  style  is 
similar  to  previous  publications  by  the 
i-same  author. 
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_,  Every    field   of    industrial   activity    is 

calling  for  the  man  trained  in  the  art 
Constructive  ^f  analytical  thinking— the  man  who 
Analyst  with   calm   deliberation   logically   sep- 

arates the  important  from  the  non-essential  and  pro- 
duces facts,  not  opinions ;  all  the  essential  facts,  not  only 
the  most  obvious  ones ;  new  ideas,  not  old  traditions. 
He  is  called  an  engineer,  but  he  needs  not  engines  with 
which  to  ply  his  art.  Agriculture,  law,  medicine,  sales- 
manship, business  management,  research  of  materials, 
design  and  construction  of  machines,  organization  of 
men,  purchasing,  accounting — all  demand  the  analytical, 
unprejudiced,  thorough  man.  Indeed,  it  is  doubtful  if 
men  without  this  characteristic  can  advance  beyond 
mere  routine  work. 

The  best  known  methods  in  nearly  every  walk  of  life 
are  crude,  clumsy  and  wasteful,  and  the  whole  world  is 
looking  to  the  constructive  analyst  to  find  better  ways — 
short  cuts  in  time  and  material — that  life  may  be  more 
abundant  for  all  mankind.  A  young  man  about  to  enter 
industrial  life  should  investigate,  first  of  all,  the  various 
branches  of  the  profession  he  has  chosen.  He  should 
apply  engineering  methods  in  determining  his  life  work 
and  in  fitting  himself  to  it.  Success  to  any  considerable 
degree  comes  only  to  him  who  masters  some  subject 
with  distinction.  Be  sure,  however,  that  you  find  the 
best  subject  for  you. 

The  important  thing  is  to  select  your  special  work 
with  such  care  that  it  will  always  be  your  chief  pleasure  : 
then  failure,  in  whatever  terms  you  choose  to  measure 
it,  will  be  impossible.  On  the  other  hand,  calmly  to  fol- 
low the  chance  demand,  the  advice  of  friends,  or  the 
lure  of  immediate  wealth,  is  dangerous  to  any  success. 
There  is  nothing  inherent  in  any  worthy  task  that 
makes  it  less  desirable,  less  respectable  or  less  profitable, 
save  the  way  in  which  it  is  performed.     C.  R.  Doolev 


Utility 


Public  service  commissions  were  ap- 

_  .  ,.  .  pointed  originally  to  protect  the  public 
Capitalization    r,.„  ,,    ,    „  ^.  ,  ,, 

^  trom    so-called      corporation    greed. 

Records  They  were  expected  by  the  voter  to 

reduce  rates  and  to  squeeze  the  water  out  of  swollen 
capitalizations.  In  some  cases  this  result  has  been  ac- 
complished. But  after  a  number  of  years  of  corporation 
baiting  on  the  part  of  the  uninformed  public  and  vote- 
seeking  politicians,  and  of  careful  study  of  the  public 
utility  question  by  the  various  commissions,  the  latter 
are  finding  frequently  that  protection  must  be  accorded 
in  both  directions.  A  reduction  in  rates  may  be  made 
arbitrarily  up  to  the  point  of  confiscation,  but  if  such  a 


reduction  affects  adversely  the  borrowing  power  of  the 
utility,  the  best  interests  of  the  public  are  not  thereby 
served,  as  the  inevitable  result  is  poorer  service  and  a 
cessation  of  extensions  and  improvements.  The  atti- 
tude of  the  Maine  Commission  on  this  point  is  explicit, 
as  expressed  in  its  decision  in  the  Lewiston,  Augusta  & 
Waterville  Street  Railway  case: — 

"And  while  the  commission  wishes  to  assure  the  great  army 
of  patrons  of  pubHc  utihties  in  the  state  that  it  will  be  vigilant 
m  securing  for  them  adequate  service  at  reasonable  rates,  it  is 
equally  desirous  of  making  it  plain  that  capital  invested  in  con- 
struction, development  and  extension,  and  especially  in  planting 
them  in  sections  not  now  served,  will  receive  consideration  suf- 
ficiently favorable  to  make  it  an  object  to  come  here." 

Similarly,  Walter  A.  Shaw,  engineering  member  of 
the  Illinois  Commission,  has  recently  filed  an  opinion 
concerning  past  capitalizations: — 

"I  do  not  believe  that  it  is  the  intent  of  the  law  that  this 
commission  should  undertake  to  correct  all  the  evils  that  grew 
under  past  unregulated  conditions,  nor  that  this  commission 
act  retroactively,  so  to  speak,  by  requiring  valuations  of  all 
existing  utility  properties  when  allowing  additional  securities 
to  cover  additions,  betterments,  etc.,  in  all  cases  where  previ- 
ously existing  outstanding  securities  may  exceed  the  value  of 
the  tangible  property.  Should  the  commission  adopt  a  policy  of 
entering  upon  valuations  whenever  security  issues  are  involved, 
It  is  predicted  that  a  general  financial  upheaval,  as  far  as  the 
public  utilities  of  the  state  of  Illinois  are  concerned,  would 
result  therefrom.  In  the  final  analysis  the  public  would  be  the 
loser.  I  believe  that  the  law  as  written  intends  that  this  com- 
mission should  see  that  new  security  issues  of  existing  utilities 
represent  actual  property,  and  that  the  law  does  not  contem- 
plate that  this  commission  should  concern  itself  with  past 
issues  for  the  purpose  of  correcting  the  evils  of  former  years." 

One  great  good  that  has  been  accomplished  by  the 
commissions  has  been  to  awaken  the  utility  officials  to 
a  more  thorough  study  of  the  financial  standing  of  their 
organizations.  A  corporation  which  has  made  a  careful 
analysis  of  its  financial  standing,  and  which  is  in  a 
position  to  demonstrate  that  it  is  providing  good  service 
at  as  low  rates  as  are  warranted  by  local  conditions,  is 
not  liable  to  have  any  serious  misunderstanding  with 
the  public  service  commission.  There  will,  of  course, 
continue  to  be  complaints  from  the  ignorant  and  from 
those  of  socialistic  tendencies  who  do  not  seem  to  com- 
prehend, for  instance,  why  street  car  conditions  are  dif- 
ferent in  Pittsburgh  or  Cincinnati  from  those  in  Cleve- 
land or  Detroit.  But  students  of  the  public  utility  situ- 
ation, and  the  public  service  commissions  in  general, 
have  shown  themselves  willing  to  accept  the  figures  of 
the  corporations  where  they  are  available,  except  when 
they  are  manifestly  prepared  for  the  occasion.  Under 
the  latter  circumstances,  the  affairs  of  a  utility  company 
are  liable  to  be  examined  more  circumspectly  than  would 
be  the  case  if  a  thoroughgoing  analysis  had  previously 
been  prepared  and  made  available  for  inspection  on  re- 
quest from  the  proper  authorities.        Chas.  R.  Riker 
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THE  AUTHOR  of  the  following  article  has  had  a  wide  experience  in  the  education  of  so-called  "educated" 
men.  Almost  since  his  entrance  into  the  employ  of  the  Westinghouse  Electric  &  Mfg.  Company,  early  in 
1888,  he  has  given  a  considerable  part  of  his  time  to  the  development  of  the  more  promising  young  engineers 
with  whom  he  came  in  daily  contact.  Being  himself  extremely  fond  of  the  analytical  side  of  his  work,  and 
also  recognizing  its  fundamental  importance,  he  has  been  very  free  in  imparting  his  methods,  data  and 
experience  to  his  associates  and  assistants,  thus  in  fact,  although  not  in  name,  becoming  an  educator  along 
advanced  lines.  He  always  has  been  in  search  of  young  men  of  the  right  turn  of  mind  whom  he  could 
develop  into  "stars"  in  his  profession,  and  many  men  prominent  in  the  electrical  industry  today  can  speak 
with  pride  of  the  training  they  received  while  associated  with  him.  Recognizing  that  the  engineering  devel- 
opment work  of  the  manufacturing  companies  is  becoming  increasingly  difficult  from  year  to  year,  he  has 
given  special  attention,  during  the  past  several  years,  to  the  selection  and  training  of  graduates  of  the 
technical  schools  who  show,  to  an  unusual  degree,  certain  characteristics  and  aptitudes  which  he  believes  to 
be  necessary  in  maintaining  the  high  standard  of  the  Westinghouse  company  in  the  engineering  field.  In 
other  words,  he  is  applying  his  analytical  methods  to  men  very  much  as  he  has  applied  them  to  apparatus 
and  principles  in  the  past  years. —  (Ed. J 

N  THE  earlier  days  of  the  Westinghouse  Electric  &  engineering  branch  of  electrical  manufacturing.  During 
Mfg.  Company  many  young  technical  students  were  the  past  few  years  he  has  come  in  contact  with  practi- 
taken  directly  into  the  various  departments  and  there     cally   all   those   who  leaned   toward   engineering   work. 


trained.  But  in  time  the  student  problem  became  so 
large  and  important  that  an  educational  department  was 
developed  to  meet  in  a  systematic  manner  the  growing 
needs  of  all  departments.  This  educational  department 
works  in  conjunction  with  the  other  departments  in 
training  men  and  in  placing  them  where  they  will  have 
opportunities  in  accordance  with  their  special  abilities. 
While  the  educational  department  supervises  the  stu- 
dent course,  yet  much  of  the  training  is  through  repre- 
sentatives of  the  commercial,  manufacturing  and  engi- 
neering departments. 

The  following  remarks  represent  the  writer's  own 
personal  opinions,  based  largely  upon  a  comparatively 
wide  experience  with  the  young  engineers  who  have 
entered  the  student's  course  during  the  past  five  or 
six  years.  In  that  time  this  company  has  taken  into 
its  educational  department  over  one  thousand  gradu- 
ates of  technical  schools  from  all  over  the  United 
States  and  Canada.  Of  these,  several  hundred  have 
wished  to  specialize  in  engineering,  while  the  aim 
of  the  others  has  been  toward  the  manufacturing  and 
the  commercial  lines,  both  of  which  require  good  tech- 
nical training.  The  electrical  salesman  of  today  is  quite 
technical,  regardless  of  how  he  got  his  training.  Also 
the  complexities  of  the  electrical  business  of  today  re- 
quire many  high-class  technical  men  in  the  manufactur- 
ing departments.  As  to  engineering,  it  goes  without 
saying  that  those  who  follow  this  branch  of  the  elec- 
trical business  should  be  technical  men,  if  thev  are  to 


One  of  the  most  important  considerations  in  the  engi- 
neering student  problem  has  been  that  of  fitting  the  men 
to  the  kinds  of  work  for  which  they  are  best  adapted. 
In  former  years  this  was  done  in  a  more  or  less  hap- 
hazard manner  by  trying  the  men  out  in  different  classes 
of  work  to  see  whether  they  would  make  good.  This 
procedure  proved  so  unsatisfactory  that  it  became  neces- 
sary to  adopt  some  method  of  classifying  the  students 
according  to  their  aptitudes  and  abilities,  and  then  try 
each  one  out  on  that  line  of  work  for  which  he  seemed 
to  be  best  fitted.  Obviously,  this  method  was  in  the 
right  direction,  but  the  primary  difficulty  lay  in  deter- 
mining the  characteristics  of  the  individual  students. 
The  writer  has  spent  quite  a  considerable  amount  of 
time  in  the  past  few  years  in  studying  the  characteristics 
of  the  students  to  see  whether  their  natural  and  their 
acquired  abilities  can  be  sufficiently  recognized,  during 
the  preliminary  stages  of  the  work,  to  allow  them  to  be 
properly  directed  toward  that  field  in  which  they  will 
make  the  best  progress.  In  this  study,  in  which  hun- 
dreds of  young  men  were  analyzed  with  regard  to  their 
characteristics,  many  very  interesting  points  developed, 
quite  a  number  of  which  have  a  direct  bearing  on  the 
subject  of  technical  training.  In  the  first  y>..lrs  of  this 
study  the  results  were  very  discouraging,  due  largely 
to  the  fact  that  the  young  men  had  been  brought  to  us 
m  a  wholesale  way,  regardless  of  their  characteristics 
or  their  suitability  for  our  engineering  work  Many  of 
them  had  no  ideas  whatever  in  regard  to  the  kind  of 


advance  very  far.     In  consequence,  the  Westinghouse     work  for  which  they  were  fitted.    Apparently,  the  man 


Company  takes  on  technical  graduates  almost  exclu 
sively  for  its  student's  course,  regardless  of  what  branch 
of  the  electrical  business  they  expect  to  follow. 

The    writer's    personal    experience    has    been    very 
largely   with  those  students  who  expect  to   follow  the 


*Prepared  from  notes  of  addresses  before  the  Pittsburgh 
Section,  A.I.E.E.,  and  the  National  Association  of  Corporation 
Schools. 


who  had  not,  at  least  partly,  made  up  his  mind  as  to  his 
preferences  or  his  capabilities  for  some  given  line  of 
endeavor  by  the  time  he  had  gone  throtigh  four  years  of 
college  and  then  entered  our  course,  had  nuich  difficulty 
in  making  up  his  mind  after  he  had  been  with  us  a  year 
or  two.  It  developed,  in  many  cases,  that  he  was  lack- 
mg  in  decision.  This  was  a  very  predominant  fact  in 
the   first    few   years   after   the    writer   had   gotten    into 
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this  work  more  actively.  After  a  careful  study  of  the 
situation  it  was  recommended  that  an  attempt  be  made 
to  get  a  different  class  of  college  men,  namely,  those 
who  had  more  definite  ideas  as  to  what  they  wanted  and 
what  they  were  fitted  for.  This  policy  was  tried,  and 
with  great  improvement  in  the  grade  of  men  obtained. 
It  is  principally  from  the  study  of  these  later  men  that 
the  writer  has  been  able  to  draw  some  of  the  conclu- 
sions which  are  here  given. 

One  of  the  most  prominent  features  which  has  de- 
veloped from  the  study  of  these  young  men  is  that  in 
practically  all  cases  the  most  valuable  aptitudes  or  char- 
acteristics which  they  have  shown  were  possessed  by 
them  long  before  they  entered  college.  In  fact,  many 
of  them  have  apparently  possessed  such  aptitudes,  more 
or  less  developed,  from  comparatively  early  childhood. 
For  example,  the  best  constructing  or  designing  engi- 
neers all  had  a  strong  tendency  toward  the  construction 
of  meclaanical  toys  and  apparatus  in  childhood.  In  re- 
gard to  such  characteristics,  the  schools  and  the  colleges 
have  merely  directed  and  developed  to  a  greater  extent 
what  is  already  there.  From  this  vewpoint,  therefore, 
the  college  simply  develops.  If  the  tendency  isn't  there, 
it  would  seem  that  then-  is  but  little  iisf  to  try  to  develop 
or  eultivatc  it.  Viewed  from  this  standpoint,  quite  a 
large  percentage  of  the  young  men  who  take  up  engi- 
neering courses  in  college  are  quite  unfitted  for  such 
work.  Therefore,  one  function  of  the  college  should  be 
to  sort  out  and  classify  the  young  men  according  to 
their  characteristics,  to  discourage  them  from  following 
along  any  line  of  endeavor  for  which  they  have  no  real 
aptitudes,  and  to  direct  them  into  more  suitable  lines. 
This  applies  particularly  to  technical  schools.  It  might 
be  said  that  in  our  present  educational  system  the  usual 
method  is  to  educate  the  young  men  and  then  select  the 
real  engineers,  this  selection  being  made  afterwards 
through  bitter  experience.  The  ideal  method,  appar- 
ently, would  be  first  to  select  the  real  engineers  and 
then  to  educate  them.  In  other  words,  those  who  show 
a  natural  aptitude  for  engineering  should  be  educated 
along  technical  lines. 

In  the  technical  school  one  of  the  first  efforts  should 
be  toward  finding  the  student's  natural  aptitudes.  Some 
boys  apparently  have  no  leaning  toward  any  special  line 
of  endeavor.  On  the  other  hand,  many  boys  really  have 
some  inherent  preference  which,  however,  may  not 
have  been  strongly  enough  developed  to  stand  out 
prominently.  Too  often  his  real  preference  has  l)een 
entirely  neglected  or  even  discouraged.  In  the  writer's 
own  case,  as  a  boy,  he  was  very  frequently  and  severely 
criticised  for  his  inclination  to  "waste  valuable  time"  m 
trying  to  make  what  were  called  "useless  things."  How- 
ever, fortunately  for  himself,  no  real  pressure  was 
brought  upon  him  to  prevent  him  from  following  his 
preferences  or  tendencies,  and  eventuallv  the  "call"  was 
so  strong  that  it  took  him  into  the  very  work  which  he 
wanted  above  all  else. 

On  the  other  hand,  the  Iroy  may  express  a  prefer- 
ence for  a  line  of  work  for  which  he  is  entirelv  unfitted. 


In  other  words,  this  preference  may  not  be  based  upon 
natural  aptitudes  or  characteristics  and  is  not  a  real 
"call."  It  is  these  boys,  who  are  unfitted  for  the  lines 
which  they  have  chosen,,  who  are  a  real  handicap  on 
their  classmates.  The  class  never  moves  along  faster 
than  its  average  man,  and  very  often  at  the  speed  of  the 
Ijoorest  men.  If  these  poorest  men  were  eliminated, 
naturally  the  progress  would  be  much  faster.  Appar- 
ently the  present  methods  of  training  have  not  yet  over- 
come this  difficulty,  although  very  many  teachers  recog- 
nize the  evil,  and  are  attempting  to  correct  it.  This  will 
be  referred  to  again  later. 

Coming  to  the  technical  training  of  the  students,  ex- 
perience indicates  that  too  much  specialization  is  a  mis- 
take. He  gets  enough  of  that  in  after  years.  What  is 
needed  is  a  good,  broad  training  in  fundamental  princi- 
ples. In  engineering  matters,  a  thorough  grasp  of  such 
fundamentals  is  worth  more  than  anything  else.  By 
fundamentals  is  meant  basic  principles  or  facts.  These 
should  not  be  confused  with  theories  or  explanations  of 
facts.  A  fact  is  basic,  and  does  not  change,  although  the 
theories  which  explain  it  may  change  many  times.  A 
thorough  knowledge  of  basic  principles  will  enable  a 
direct  answer  to  be  made  in  many  cases,  even  where  the 
conditions  of  a  problem  may  appear  to  be  very  com- 
plex. Take,  for  example,  the  perpetual  motion  fallacy 
m  Its  various  forms.  A  perpetual  motion  scheme  may 
be  made  so  complex  and  involved  and  may  include  so 
many  principles  and  appurtenances  that  the  best  analyst 
may  be  more  or  less  puzzled  to  explain  the  various  rela- 
tions clearly.  But  by  applying  the  principle  of  con- 
servation of  energy  no  further  ex])lanation  is  neces- 
sary. This  one  fundamental  fact  covers  the  whole  case. 
In  the  same  way  a  thorough  grasp  of  some  basic  prin- 
ciple will  often  clear  up  the  most  complex  problems  or 
situations  and  will  allow  a  conclusive  answer  to  be 
made.  With  such  a  grasp  of  fundamentals,  one  is  not 
liable  to  believe  that  a  "pinch"  of  some  wonderful  new 
powder  or  chemical,  mixed  with  a  gallon  of  water,  will 
give  the  equivalent  of  a  gallon  of  gasoline,  and  at  the 
cost  of  a  few  cents.  And  yet  this  fallacy  "breaks  loose" 
periodically,  and  is  given  wide  circulation  in  the  news 
of  the  day.  What  is  needed  in  such  cases  is  a  little 
knowledge  of   fundamental   principles. 

This  very  grasj)  of  fundamentals  accustoms  the  boy 
to  think  for  himself.  In  other  words,  it  develops  his 
analytical  ability.  As  one  educator  mentioned  to  the 
writer  some  time  ago,  "If  a  boy  has  analytical  ability, 
there  is  hope  for  him  ;  if  he  has  none,  he  is  'punk.'  "  By 
analytical  ability  is  not  necessarily  meant  mathematical 
ability  with  which  some  people  are  inclined  to  confuse  it. 
By  analytical  ability  is  meant  the  ability  to  analyze  and 
draw  correct  conclusions  from  the  data  and  facts  avail- 
able. This  faculty  can  be  cultivated  to  a  considerable 
extent,  although,  in  the  writers'  opinion,  it  originates 
rather  early  in  life.  This  is  considered  by  many  as  the 
first  and  foremost  characteristic  that  an  engineer  must 
have,  and  therefore  the  schools  should  expend  their  best 
energies  in  this  direction. 
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Allied  with  a  grasp  of  basic  principles  is  the  re- 
quirement of  a  physical  conception  of  such  principles  as 
distinguished  from  the  purely  mathematical.  This  can 
be  cultivated,  as  the  writer's  personal  experience  with 
many  students  has  Indicated.  As  a  concrete  example  of 
the  value  of  a  physical  conception  the  following  may  be 
cited:— Three  electrical  engineers,  familiar  with  induc- 
tion motor  design,  are  given  some  new  problem  regard- 
ing the  action  of  an  induction  motor.  One  of  them  im- 
mediately thinks  of  a  "circle  diagram;"  the  second 
thinks  of  a  mathematical  formula;  the  third  thinks  of 
flux  distributions  and  conductors  cutting  them  at  cer- 
tain speeds,  etc.  Assuming  equal  mathematical  skill  for 
these  three  men,  the  one  with  the  physical  conception  of 
the  conductors  cutting  fluxes  has  a  broader  means  for 
attacking  the  problem  than  either  of  the  others  can  be 
said  to  have.  He  can  tackle  a  new  condition  with  better 
chance  of  success,  as  he  goes  back  to  the  fundamental 
principles  of  the  apparatus.  He  thus  may  create,  con- 
fidently, new  formulae  and  diagrams  to  meet  new  con- 
ditions and  problems. 

This  physical  conception  is  closely  related  to  the  de- 
velopment of  imaginative  powers,  and  without  such 
powers  highly  developed  no  engineer  can  expect  to  ad- 
vance far  in  his  profession.  The  man  with  originality, 
resourcefulness  or  with  the  constructive  faculties  well 
developed,  or  the  man  who  "can  see  through  things" 
readily,  must  have  strong  imaginative  powers.  This 
faculty  also  should  be  developed  to  the  utmost,  but 
should  also  be  directed.  It  begins  early  in  some  chil- 
dren, but,  unfortunately,  instead  of  being  directed,  it  is 
too  often  discouraged,  both  at  home  and  in  the  school. 
If  the  boy  in  the  public  school  develops  a  new  method 
of  solving  a  problem,  or  reaches  any  conclusion  by  other 
than  the  well-established  routine  way,  he  is  criticised 
more  often  than  encouraged  for  his  departure  from  the 
beaten  track,  or  rather  his  instructor's  particular 
methods. 

As  stated  before,  the  student  should  be  well  trained 
in  fundamentals  or  basic  principles.  In  many  branches 
of  engineering  this  means  that  he  should  have  a  good 
training  in  mathematics.  Most  of  the  graduates  of  the 
technical  schools  are  woefully  weal<  in  mathematics. 
Apparently  this  is  not  due  entirely  to  lack  of  mathe- 
matical abUity  on  the  part  of  the  students,  but  largely 
to  defective  training  in  their  earlier  work.  One  great 
defect  in  many  colleges  is  due  to  passing  the  entrants, 
in  algebra  and  trigonometry,  on  the  basis  of  their  high 
school  training.  In  most  cases  this  early  training  in 
algebra  is  very  defective,  as  sufficient  skill  is  not  devel- 
oped in  the  student  and  the  practical  side  is  largely  neg- 
lected. Algebra  and  its  applications  to  geometry, 
trigonometry,  etc.,  should  be  taught  in  a  more  practical 
manner  in  the  engineering  college  course,  as  a  founda- 
tion for  the  higher  engineering  mathernatics.  The 
higher  the  structure  is  to  be,  the  stronger  liiust  be  the 
foundation.  If  the  engineering  student  is  not  suffi- 
ciently practiced  in  these  elementary  mathematics,  then 
he  should  be  drilled  specially  as  a  step  to  further  engi- 


neering work.  In  the  practical  engineering  work,  be- 
yond the  college,  skill  in  the  use  of  algebra  and  trig- 
onometry is  of  relatively  much  more  importance  than 
practice  in  the  higher  mathematics,  for  it  is  needed  one 
hundred  times  where  the  other  is  used  once.  In  the 
writer's  experience  with  engineers  he  has  reached  the 
conclusion  that  the  principal  reason  why  mathematics 
are  not  used  more  in  everyday  work  is  because  the  aver- 
age engineers  have  not  the  necessary  skill.  Most  of 
them  claim  that  they  have  become  "rusty"  in  such  math- 
ematics through  disuse.  However,  in  many  cases,  this 
excuse  is  worse  than  none  at  all,  for  the  occasion  for 
such  mathematics  exists  in  practical  engineering  work 
and  has  been  there  all  along. 

In  the  education  of  the  engineer,  higher  mathematics 
forms  a  very  valuable  part  of  the  training.  One  of  its 
uses  is  to  show  how  one  can  do  without  it.  In  other 
words,  if  properly  taught,  it  gives  a  broader  grasp  of 
methods  of  analysis ;  it  tends  to  fix  certain  fundamental 
principles.  However,  as  a  tool  in  actual  engineering 
work  it  is  seldom  required,  except  in  rather  special  lines. 
The  higher  mathematics  might  be  looked  upon  as  a  fine 
laboratory  instrument  or  tool,  to  be  used  on  exceptional 
occasions,  while  the  ordinary  mathematics  should  be 
considered  as  an  everyday  tool  in  engineering  work,  and 
should  be  ready  at  hand  at  all  times. 

There  has  been  quite  a  fad  for  fipecialization  in  engi- 
neering training.  The  writer's  personal  opinion  is  that 
specialization  in  college  training  is  not  advisable,  except 
possibly  in  a  very  general  way.  There  has  been  a  false 
idea  in  many  schools  that  if  a  man  specialized  along 
some  individual  line  of  work  it  would  advance  him  more 
rapidly  when  he  leaves  school  for  active  work.  The 
writer  almost  never  asks  the  student  in  what  field  he 
specialized.  It  is  desired  to  know  whether  he  is  a 
good  analyst,  if  he  is  fairly  skillful  at  mathematics,  if 
he  has  the  imaginative  faculty  and  what  goes  with  it. 
Has  he  initiative,  resourcefulness,  etc.?  Is  he  a  man 
with  a  broad  grasp  of  general  principles  rather  than  one 
who  has  made  a  special  study  of  one  individual  subject? 

In  college  training  the  time  spent  on  commercially 
practical  details  is  usually  largely  wasted,  as  it  may  give 
the  student  entirely  wrong  ideas.  When  a  young  man 
says  that  he  has  had  a  course  in  practical  design  and  is 
positive  that  he  can  design,  the  chances  are  about  ninety- 
nine  out  of  one  hundred  that  he  knows  nothing  about 
the  really  fundamental  conditions  in  practical  design. 
The  chances  are  that  he  doesn't  even  know  the  real 
starting  point  in  making  up  a  commercial  design.  Even 
worse,  if  he  has  taken  such  training  seriously,  he  may 
have  to  "unlearn"  many  of  his  ideas,  if  the  use  of  this 
term  is  allowable.  The  mental  training  and  the  aid  in 
grasping  principles  which  he  may  have  obtained  through 
his  school  design  is,  of  course,  worth  something,  but  in 
many  cases  the  same  time  expended  in  other  channels 
may  produce  larger  results.  Teaching  of  design  should, 
therefore,  be  for  the  purpose  of  exemplifying  principles 
rather  than  practice.  There  are,  of  course,  some  lines 
of  specialization  in  colleges  which  lead  directly  to  prac- 
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tical  results  afterwards.  Research  work  is  one  of  these. 
However,  it  is  probable  that  if  a  large  part  of  the  time 
given  to  research  work  by  the  student  in  college  were 
expended  in  acquiring  a  broader  foundation  in  funda- 
mental principles  the  results  would  be  better  in  the  end. 

As  referred  to  before,  there  has  been  one  serious 
defect  in  our  systems  of  technical  training  today, 
namely,  it  holds  back  the  leaders  and  pushes  the  lag- 
gards, thus  tending  toward  mediocrity  as  the  general 
result.  There  should  be  some  system  in  colleges  for 
weeding  out  the  "negatives"  in  any  given  line  of  en- 
deavor. Many  of  these  are  simply  "misapplications,"  to 
use  a  manufacturing  company  term.  In  some  other 
lines  they  may  be  highly  successful. 

In  an  ideal  engineering  course  each  student  should 
be  pushed  to  the  utmost  of  his  capabilities.  One  solu- 
tion of  this  problem  would  be  for  each  teacher  to 
assign  a  certain  amount  of  extra  work  to  his  students 
individually,  and  they  should  report  to  him  individually 
on  such  work,  explaining  to  him  fully  what  they  have 
accomplished.  Each  man  thus  could  be  pushed  along 
independently  of  his  fellows.  The  weaknesses  of  the  in- 
dividual men  would  soon  appear.  If,  for  example,  it 
develops  that  certain  of  the  students  are  behind  in  the 
necessary  mathematics,  then  steps  could  be  taken  to 
correct  this  defect.  Each  student  would  have  to  think 
more  for  himself  and  would  be  put  more  or  less  upon 
his  own  resources.  His  various  characteristics  could  be 
studied  and  developed.  He  should  be  made  to  work  out 
and  apply  fundamental  principles.  He  would  thus  prac- 
tice using  his  own  mind.  As  soon  as  it  develops  that 
he  has  no  mind  of  his  own,  then  he  could  be  dropped. 
In  such  a  course  of  teaching  the  advancement  of  each 
man  would  be  dependent  upon  himself,  to  a  large  ex- 
tent. At  this  point  a  principle  of  mechanics  can  be  ap- 
plied rather  aptly.  In  machines  a  force  does  work  in 
overcoming  resistance.  In  man  the  same  principle  holds 
true.     No  matter  how  much  force  a  man  may  have,  if 


no  resistance  is  presented,  no  result  is  accomplished. 
And  if  the  force  is  small,  then  the  result  is  also  liable  to 
be  small.  But  a  smaller  force  overcoming  a  larger  re- 
sistance may  result  in  greater  accomplishment  than  a 
larger  force  with  but  little  resistance.  An  unusually  bril- 
liant boy  with  too  small  a  task  set  for  him  may  accom- 
plish little.  His  task  must  be  enlarged  to  suit  his  abili- 
ties ;  for,  as  in  machines,  to  obtain  the  greatest  result  the 
resistance,  or  task,  must  be  commensurate  with  the  force 
acting.  Unfortunately,  many  good  men  of  great  capa- 
bilities accomplish  practically  nothing,  through  too  little 
lesistance,  due  to  life  being  made  too  easy  for  them. 

Such  a  course  of  "forcing,"  as  indicated  above, 
might  be  difficult  to  apply  in  many  of  the  schools  as 
constituted  today.  But  the  writer's  personal  experience 
indicates  that  the  better  class  of  men  will  develop  rap- 
idly under  such  treatment,  while  the  laggards  are  elim- 
inated more  quickly.  He  has  tried  this  system  in  gen- 
eral on  many  graduates  from  the  technical  schools  and 
unusually  satisfactory  results  have  been  obtained. 

All  of  the  foregoing  points  to  the  fact  that  the  mere 
accumulation  of  knowledge  is  not  a  training,  nor  an 
education.  The  old  saying  that  "knowledge  is  power" 
is  not  technically  correct  any  more  than  is  the  state- 
ment that  torque  (or  force)  is  power,  to  use  an  engi- 
neering comparison.  Torque,  or  force,  is  not  power, 
but  torque  in  motion  is  power  and,  to  continue  this  com- 
parison, knoivledgc  in  motion,  or  in  action,  is  power. 
Activity  in  some  form  is  one  of  the  essential  factors. 

To  sum  up,  the  colleges  should  aim  to  develop  the 
student's  characteristics,  as  far  as  practicable.  They 
should  aim  to  develop  analytical  ability,  imaginative 
faculty,  ability  to  do  independent  thinking.  They 
should  teach  fundamental  principles,  and  the  course  of 
teaching  should  be  such  as  to  give  the  individual  student 
a  real  grasp  of  such  principles.  A  broad  general  train- 
ing is  most  desirable  for  the  man  who  has  the  ability  to 
do  something  in  the  world. 


Use  of  Metal  Slot  Wedges  in  Induction  Motors 

WITH  SPECIAL  REFERENCE  TO  THEIR  EFFECT  ON  PERFORMANCE 


Bl.-mne  B.  R.\mev 

Industrial  Engineering  Dept, 

Westinghouse  Electric  &  Mfg.  Company 

IN  THE  following  short  article  it  is  not  possible  to  go  into  details  of  mathematical  derivations  or  technical 
explanations  in  connection  with  this  subject.  The  purpose  is  rather  to  give  in  brief  a  clear  understanding  of 
the  effect  on  motor  performance  of  different  types  of  wedging  and  slot  construction.  Where  some  deriva- 
tions or  technical  explanations  are  necessary,  these  are  given  as  concisely  as  possible. 


AS  ELECTRICAL  apparatus  of  the  rotating  type 
has  developed  through  various  stages  to  the 
present  designs,  there  has  been  a  general  tend- 
ency towards  the  use  of  open  slots  in  both  the  stationary 
and  rotating  members  (the  latter  in  phase-wound 
rotors  only),  which  permits  the  use  of  form-wound  or 
pulled  coils  which  can  be  inserted  in  the  slots  as  a  unit 
and   also   readily   removed.     There  are   exceptions,   of 


course,  in  the  cases  of  the  smaller  motors  and  special 
ratings,  such  as  two-pole  motors,  where  the  partially 
closed  slot  is  used  and  the  winding  threaded  in,  or  the 
overhung  tooth  is  used  and  the  coils  placed  in  the  slots 
in  two  halves. 

The  form-wound  coils  can  be  handled  more  readily 
in  winding,  removing  and  repairing,  since  the  whole 
coil  is  as  one  piece,  an  advantage  which  brings  the  open- 
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slot  construction  into  favor  with  large  users  of  induc- 
tion motors  who  have  a  proportionately  large  amount  of 
repair  work  which  must  be  accomplished  in  the  shortest 
possible  time.  However,  from  the  standpoint  of  motor 
performance,  partially  closed  or  overhung  tooth  slots 
have  an  advantage  over  open  slots.  The  use  of  metal 
wedges  in  open  slots,  however,  practically  realizes  this 
same  advantage,  and  at  the  same  time  does  not  ma- 
terially alter  the  advantages  of  the  open-slot  construc- 
tion.    Slots  with  metal  wedges,  with  fibre  wedges  and 
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no.  1  no.  2  no.  z  fio  4 

riG.    I — THRKE-PIECE    MET.\I.   WEDGE   IN    OPEN    SLOT 

The   outside   members    are   of    steel    and   the   center 
member  of  brass. 

FIG.   2 — ONE-PIECE   SLOTTED   STEEL   WEDGE  IN   OPEN    SLOT 

FIG.   3 — OPEN    SLOT — FIBRE    WEDGE 

FIG.   4 — P.\RTIALLY-CI.OSED    SLOT — FIBRE    WEDGE 

with  partially  closed  top  are  illustrated  in  Figs,  i,  2,  3 
and  4.  There  are  various  other  types  of  metal  wedges, 
but  these  are  typical  and  illustrate  the  general  arrange- 
ment. The  metal  wedges  are  insulated  from  the  teeth, 
as  otherwise  they  would  short-circuit  the  laminations, 
and  the  advantages  of  a  laminated  core  would  be  lost. 

Various  problems  were  encountered  in  the  develop- 
ment of  these  wedges,  but  they  have  one  after  another 
been  solved,  and  the  wedges  as  now  perfected  are  be- 
yond criticism  from  the  operating  and  commercial  stand- 
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riG.    5 — PERFORM.\XCE   CURVES 

40  hp,  three-phase,  60  cycle,  four-pole,  220  volt,  1740  r.p.m. 

induction   motor. 

Torque.s  in  terms  of  full  load : — 

Metal  wedges     Fibre  wedges 

Pull-out 3.56  4.10 

Starting 1.76  2.36 

points.     \MTen  used  they  become  practically  a  part  of 
the  core   so   far  as  maintenance  and  operation   of   the 


EFFECT   ON    MOTOR    PERFORM .\NCE 

The  main  characteristics  in  induction  motor  per- 
formance are  efficiency,  power-factor,  torque  and  heat- 
ing. Other  characteristics  are  considered  only  in  so  far 
as  they  aflfect  those  mentioned,  directly  or  indirectly. 
All  .four  are  modified  by  the  use  of  metal  wedges 
through  the  effect  they  have  on  magnetizing  current, 
leakage,  reactance  and  iron  loss. 


FIG.  6 — LOCKED   S.\TUR.\TION   CTRVE 

Same  motor  as  in  Fig.  5. 
A  comparison  of  test  data  on  the  same  motor  with 
fibre  wedges  and  with  metal  wedges  is  given  in  Figs.  5,  6 
and  7  and  Table  I.  Figs.  8  and  9  show,  respectively,  a 
comparison  of  magnetizing  current  and  iron  loss  on  the 
same  motor,  with  fibre  wedges  in  one  case  and  with  a 
one-piece  metal  wedge  of  cast  iron  and  special  metal  in 
the  other.   Figs.  10  and  11  show  a  similar  comparison  on 
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lie.    7 — RUNNING   S-\TUR.^TIOX    CURVES 

Same  motor  as  in  Fig.  3. 

a  larger  motor.  The  metal  wedges  reduce  the  magnetiz- 
ing current  and  iron  loss,  thereby  increasing  the  power- 
factor  and  efficiency,  the  latter  being  affected  by  both 
reductions.  Also  there  is  a  slight  reduction  in  both 
pull-out  and  starting  torque,  but  not  to  values  that  are 


motor  are  concerned,  but  are  readily  removable  when     objectionably  low.    The  torque  could  be  increased  again 
necessary.  by  using  less  turns  in  the  primary,  thereby  decreasing 
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the  leakage,  and  Ijv  a  little  more  resistance  in  the  sec- 
ondary. Since  the  magnetizing  current  and  core  loss  are 
already  reduced  the  margin  in  power- factor  and 
efficiency  is  quite  large,  and  these  changes  can  be  made 
without  reducing  either  of  these  characteristics  to  an 
undesirable  value. 

ANALYSIS   OF    EFFECT  OF    M.\GNETIC   WEDGES   ON 
MOTOR    PERFORMANCE 

AhTgiicticing   Current — The   magnetizing   current    is 
dependent    ujjon    the    winding    dimensions,    number    of 
T.\BLF.  I— DATA  FROM  FIGS.  s.  6  AND  7 


Magnetizing    Ampt-res    [jci 

Terminal 

Iron  Loss  (Watts) 

Locked  -Amperes 

Loclced  Watts 

Reactance    in    Ohms   per 

Phase 

Full-Load  Power-Factor  . 

Full-Load  Efficiency 

Pull-Out  Torque 

Starting  Torcjue 


Open  Slot 


20.8 

1779 

742 
126 

0-154 
95-2 
«7-5 

4.1  X  F.L.T. 

2.36  X  F.L.T, 


Metal  Wedged 
Slot. 


17.1 
913 
6,S4 

9« 

o.  171 
g6 
yo.8 

3.56  X  F.L.T. 

1.76  X  F.L.T, 


poles  and  ampere-turns.  However,  other  things  re- 
maining equal,  the  magnetizing  current  varies  directly 
as  the  ampere-turns  necessary  to  produce  the  required 
flux.  Of  the  total  ampere-turns  of  the  motor,  that  com- 
ponent which  represents  the  ampere-turns  necessary  to 
force  the  flu.x  across  the  air-gap  usually  composes  the 
major  portion,  and  also  is  the  only  one  which  is  affected 
by  a  change  in  slot  wedges.  All  of  the  component  items 
vary  directly  as  the  length  of  the  path  that  the  flux  must 
follow,  and  for  the  item  of  air-gap  ampere-turns  this 
path  is  the  efifective  air-gap.     The  effective  air-gap  is 
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nr,.   8 — M.\GNETIZ1NG   CURRENT  KIG.   9 — CORE   LOSS 

Test   results   on   450  hp,   three-phase,    25   cycle.  6300  volt,   720 
r.p.m.  induction  motor. 
A — Magnetic  slot  wedge  (cast-iron  and  special  metal). 
B — Fibre  slot  wedge. 

dependent  upon  the  actual  air-gap  and  the  gap  factor. 
The  latter  is  composed  of  two  parts,  that  due  to  the 
secondary  slot  opening  and  that  due  to  the  primary  slot 
opening.  With  the  same  secondary  slot,  the  gap  factor 
will  then  be  dependent  only  on  the  nature  of  the  primary 
slot.  The  gap  factor  for  either  primary  or  secondary  is 
figured  from  the  actual  air-gap,  the  slot  pitch  and  the 
slot    opening    in  accordance     with    a    modification    of 


Carter's*  fringing  factor  formula.  The  gap  factor 
varies  with  these  items  in  such  a  way  that  the  slot  with 
the  largest  opening  at  the  air-gap  has  the  largest  gap 
factor,  that  is,  it  is  in  eft'ect  the  same  as  having  a  larger 
air  gap. 

In  Figs.  I,  3  and  4  assume  the  same  number  of  slots 
and  same  air-gap,  and  kt  j  represent  slot  pitch,  h  slot 
opening  and  g  air-gap.  The  major  dimensions  of  the  slots 
in  the  three  figures  are  the  same,  namely,  A  =^  0.3,  B  ^= 
1.5,  .y  =  0.8,  g  =  0.05,  /;  =  O.125.  Let  b  =  0.184  for  Fig. 
I,  0.3  for  Fig.  3,  and  0.125  for  Fig.  4.  Then  for  the  three 
cases  the  gap  factors  are, — for  Fig.  i,  i.ii  ;  for  Fig.  3, 
1.255,  and  for  Fig.  4,  1.053.  The  value  of  b  =  (A — d ) 
from  experience  and  test  results.  The  steel  portions  of 
the  wedge  seems  to  be  only  half  as  effective  as  would 
be  expected  at  first  glance.  This  is  due  to  the  fact  that 
the  steel  wedge  is  not  as  efficient  as  a  tooth  tip  which 
is  punched  as  a  part  of  the  tooth,  because  considerable 
magnetic  reluctance  is  introduced  by  the  paper  insula- 
tion between  the  steel  wedge  and  the  tooth  proper.  The 
results  above  obtained  indicate  that  the  gap  factor  for 
the  metal  wedge  slot  will  be  less  than  for  the  open  slot, 
Init  not  quite  as  small  as  for  the  partially  closed  slot. 
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FIG.    10 — M.\GNET1ZING  CURRENT 

750  hp.  three-phase.  25  cycle,  6300  volt,  720  r.p.m. 
induction  motor. 
A — Magnetic  slot  wedge  (cast-iron  and  special  metal). 
B — Fibre  slot  wedge. 

The  values  of  the  magnetizing  currents  in  the  three 
cases  will  Ije  in  the  same  order.  This  explains  the  lower 
magnetizing  current  for  metal  wedges  as  against  fibre 
wedges  in  Figs.  7,  8  and  10.  .\lso  the  higher  power- 
factor  means  a  lower  full-load  current  and  less  primary 
copper  loss,  which  helps  towards  higher  efficiency. 

Iron  Loss — The  iron  loss  is  composed  of  primary 
tooth  loss,  loss  in  the  primary  core,  and  loss  in  the  sur- 
face of  the  rotor.  The  dimensions  of  core  and  teeth 
being  the  same,  the  first  two  items  will  not  be  appreci- 
ably aft'ected  by  the  nature  of  the  slot  opening.  The 
last  item,  however,  is  aft'ected  considerably  by  the  slot 
ojjening.  The  flux  in  passing  out  of  the  teeth  at  the  air- 
gap  tends  to  form  in  tufts  at  the  tooth  tips,  giving  a 
higher  density  over  the  surface  of  the  tooth  than  in  the 
space  opposite  the  slot  opening.  This  produces  variations 
or  pulsations  in  flux  at  a  frequency  corresponding  to  the 
number  of  slots  in  the  primary,  which  appear  as  a  wave 
of   high    frequency    superimposed   on   the    fundamental 


*See  the  Electrical  World  and  Engineer.  Oct.  30,  igoi. 
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wave  of  the  rotating  field  of  the  motor,  as  shown  in  Fig. 
12.  This  wave  is  an  even  harmonic  of  varying  ampHtude, 
apparently  composed  of  two  odd  harmonics.  A  beating 
action  is  produced  and  the  high-frequency  wave  will  re- 
verse every  half  cycle  of  the  fundamental  flux  wave. 
Thfese  high-frequency  flux  pulsations  tend  to  create 
losses  in  the  rotor  surface,  for  they  result  in  rapid  mag- 
netizing and  demagnetizing  of  the  iron  of  the  rotor.  This 
results  in  hysteresis  loss  of  a  considerable  amount,  since 
the  hysteresis  loop  is  displaced  from  its  normal  axis.* 
Furthermore,  the  increased  frequency  and  amplitude  of 
the  pulsations  result  in  higher  losses.  This  frequency 
will  be  the  same  for  the  three  types  of  construction 
when  the  number  of  slots  is  the  same.  The  amplitude, 
however,  will  be  different,  as  will  be  explained  later. 
The  fringing  of  the  flux  tends  to  smooth  out  these  varia- 
tions or  decrease  the  amplitude,  but  the  fringing  has  less 
effect  with  a  greater  slot  opening  and  has  no  eflfect  on 
the  frequency.  With  the  same  number  of  slots  and  the 
same  slot  width  for  the  various  slots  represented  in 
Figs.  I  to  4  the  flux  densities  over  the  tooth  surface  will 
be  different.  With  the  dimensions  assumed  above  for 
these  slots,  the  tooth  width  at  the  surface  of  the  primary 
is, — for  Fig.  I,  0.8  —  0.1S4  =  0.616;  for  Fig.  3,  0.8  — 
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Leakage  Flux — The  third  and  last  item  to  consider 
is  the  effect  on  the  leakage  flux,  which  is  composed  of 
five  parts,  namely,  that  around  the  primary  slot,  the 
secondary  slot,  the  primary  end  connections,  the  sec- 
ondary end  connections  and  that  between  primary  and 
secondary — known  as  zigzag  leakage.  In  the  case  of 
wound  secondaries  there  is  a  sixth  part  known  as  belt 
leakage,  but  this  is  usually  inconsiderable  and  will  not 
be  considered  here,  as  it  is  not  dependent  upon  the 
primary  slot  construction.  The  latter  fact  is  also  true 
of  the  secondary  slot,  and  the  primary  and  secondary 
end  connection  leakage  which  eliminates  them  from  con- 
sideration, leaving  only  the  primary  slot  and  zigzag 
leakages  to  be  considered. 

The  Primary  Slot  Leakage  is  directly  proportional 
to  the  slot  factor  (among  other  items),  but  these  other 
items  will  be  the  same,  assuming  the  electrical  and  me- 
chanical dimensions  of  the  motor  to  be  the  same.  The 
slot  factor,  however,  will  be  different  for  diflferent  slot 
constructions,  but  is  independent  of  the  other  dimen- 
sions of  the  machine.  Therefore,  other  conditions  re- 
maining the  same,  the  relations  of  the  slot  factors  to 
each  other  for  the  various  slot  constructions  will  show 
the  relation  of  the  primary  slot  leakages  to  each  other. 


FIG.    II— CORE  LOSS 

750  hp,  tliree-phase.  25  cycle,  6300  volt,  750  r.p.m. 
induction  motor. 
A — Magnetic  slot  wedge  (cast-iron  and  special  metal). 
B — Fibre  slot  wedge. 

0.3  =  0.5,  and  for  Fig.  4,  0.8  —  0.125  =  0.675.  The 
flux  density  in  the  tooth  face  will  therefore  be  greater 
for  the  open  slot  than  for  either  the  metal  wedge  slot  or 
partially  closed  slot.  Taking  this,  together  with  the  fact 
that  the  fringing  is  not  as  effective  to  smooth  out  the 
variations  in  flux  on  the  open  slot  as  on  the  other  two 
types,  it  is  evident  that  the  variations  in  flux  density 
are  greater,  and  consequently  the  surface  loss  is  higher, 
with  the  open  slot.  In  other  words,  the  action  of  the 
metal  wedge  (and  the  tooth  tip  on  the  partially  closed 
slot)  is  to  make  the  flux  distribution  in  the  air-gap  more 
uniform  than  is  the  case  with  the  open  slot  and,  since 
the  pulsations  are  not  as  great,  the  surface  iron  loss  pro- 
duced is  less.  The  partially  closed  slot,  of  course,  shows 
a  greater  reduction  in  iron  loss  than  the  metal  wedge 
slot.  All  of  which  accounts  for  the  test  results  in  Figs. 
7,  9  and  II,  showing  considerably  more  iron  loss  for 
the  open  slot  than  for  the  metal  wedged  slot. 


*See  paper  by  Messrs.  Chubb  and  Spooner  in  the  Proceed- 
ings of  the  A.I.E.E.,  Oct.,  1915. 


fig.  ij — effect  of  high-frequency  flux  puls.\t10ns  on 
fund.\mental  wave 

It  is  known  from  experience  with  the  type  of  wedge 
shown  in  Fig.  i  that  the  slot  factor  for  the  portion  of 
the  slot  to  the  bottom  of  the  wedge  is  0.937  for  A  =  0.3. 

That  due  to  insulation  at  d^  and  d^  is  three-eighths 
of  the  total  insulation  divided 'by  the  slot  width  = 
0.066  -^  0.3  =  0.222,  assuming  the  total  insulation 
depth  ^  0.176  inch.  This  portion  due  to  slot  insulation 
is  figured  in  this  way,  because  the  flux  at  the  two  sec- 
tions of  insulation  at  the  center  of  the  slot  is  only  cut- 
ting one-half  of  the  conductors  that  it  would  cut  if  it 
was  at  the  top  of  the  slot  and  the  flux  density  is  only 
one-half  of  that  at  the  top  of  the  slot.  There  is  one- 
quarter  of  the  insulation  at  the  top  and  one-half  at  the 
center  of  the  slot,  the  portion  at  the  center  being  only 
one-quarter  as  effective  for  leakage,  as  stated  above,  as 
it  would  be  at  the  top,  so  the  result  is  three-eighths  of 
the  effect  that  would  obtain  if  all  the  insulation  was  at 
the  top  of  the  slot.  In  this  it  is  assumed  that  the  insula- 
tion at  the  top  of  the  slot  is  one-quarter  of  the  total 
insulation,  which  is  theoretically  correct,  although  prac- 
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tically  there  is  a  little  more  due  to  the  lapping  of  the 
slot  cells  at  the  top. 

That  due  to  the  copper  is,  of  course,  the  total  cop- 
per depth  divided  by  three  times  the  slot  width  = 
1. 199  -^  0.9  =  1.34.  Therefore,  the  total  slot  factor  = 
0-937  +  0.220  +  1.34  =  2.497- 

For  Fig.  3  the  factor  for  the  portion  of  the  slot  to 
the  top  of  the  coil  insulation  will  be  the  depth  to  the 
top  of  the  coil  divided  by  the  slot  width  1=  0.125  -=-  0.3 
=  0.417. 

That  for  the  insulation  and  copper  will  be  the  same 
as  for  Fig.  i.  Therefore,  the  total  slot  factor  = 
0.417  +  0.220  +  1.34  =  1.977. 

For  Fig.  4,  although  the  insulation  is  usually  heavier 
and  the  copper  space  less,  these  will  be  assumed  the 
same  as  the  other  two,  which  will  not  be  appreciably  in 
error.  Then  the  slot  factor  for  these  two  parts  will  be 
the  same  as  for  the  other  two  slots.  That  for  the  part 
of  the  slot  down  to  the  top  of  the  coil  insulation  will  be 
the  depth  to  the  tapered  part  of  the  tooth  tip  divided  by 
the  slot  opening,  plus  the  depth  of  the  tapered  part  of 
the  tooth  tip  divided  by  the  average  of  the  width  of  slot 


and  slot  opening 
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+  0.294  =  0.794.    Then  the  total  slot  factor  =  0.794  + 
0.220  +  1.34  =  2.354. 

This  shows  that,  of  the  three  slot  constructions  con- 
sidered, that  with  the  metal  wedge  has  the  highest  slot 
factor,  even  higher  than  the  partially  closed  slot,  and 
consequently  it  has  the  greatest  primary  slot  leakage. 

Zigzag  Leakage — The  other  portion  of  the  leakage 
reactance  that  is  aiYected  by  the  slot  construction  is  the 
zigzag  leakage.  There  are  a  number  of  items  upon 
which  it  is  dependent,  but,  as  before,  all  of  these  items 
but  one  will  be  the  same  for  the  same  mechanical  and 
electrical  dimensions  of  the  motor.  This  other  item, 
namely,  the  effective  air-gap,  will  be  different  for  the 
different  slot  constructions,  although  the  various  dimen- 
sions of  the  motor  are  the  same.  The  zigzag  leakage  is 
inversely  proportional  to  the  effective  air-gap,  so  the 
slot  construction  that  gives  the  largest  effective  air-gap 
will  have  the  lowest  zigzag  leakage. 

Referring  again  to  the  portion  of  this  article  dis- 
cussing the  magnetizing  current,  it  will  be  noted  that 
the  open  slot  has  the  largest  gap  factor,  with  the  metal 
wedge  slot  next,  and  the  partially  closed  slot  next  in 
order.  The  effective  air-gap  will  have  the  same  relation, 
since  the  effective  air-gap  is  the  product  of  actual  air- 
gap  and  the  gap  factor.     Therefore,  the  open  slot  will 


have  the  smallest  zigzag  leakage,  with  the  metal  wedge 
slot  next  and  the  partially  closed  slot  next  in  order. 

Summing  up  the  total  leakage  flux,  it  will  be  noted 
that  the  open  slot  has  the  smallest  leakage,  with  the 
metal  wedge  slot  and  the  partially  closed  slot  following, 
the  order  in  this  case  being  doubtful  without  more  de- 
tailed calculation.  It  is  known,  however,  from  tests 
that  the  partially  closed  slot  has  a  greater  leakage  than 
the  metal  wedge  slot,  other  things  being  equal. 

Since  the  metal  wedge  slot  has  more  leakage  flux  or 
reactance  than  the  open  slot,  it  will  have  greater  im- 
pedance, the  resistance  being  the  same,  and  consequently 
less  current  will  flow  for  a  given  voltage  and  less  watt- 
age will  be  obtained.  This  accounts  for  the  results 
obtained  in  curves.  Fig.  6  (locked  saturation),  and 
indicated  in  Table  I.  With  less  current  flowing  for  a 
given  voltage  there  will  be  less  torque,  as  the  torque 
will  vary  directly  as  the  current.  Therefore,  the  higher 
leakage  flux  accounts  for  the  lower  torque  obtained  with 
the  metal  wedged  slot  construction  as  against  the  open 
slot.    This  is  also  shown  in  Table  I  and  in  Fig.  5. 

CONCLUSION 

From  the  data  given  and  the  foregoing  discussion  it 
will  be  seen  that,  while  the  metal  wedged  slot  construc- 
tion does  not  give  as  low  magnetizing  current  and  iron 
loss  as  the  partially  closed  slot,  it  does  give  lower  values 
than  the  open  slot.  At  the  same  time  it  maintains  the 
advantages  of  the  open  slot  in  ease  of  v^'inding  and  re- 
pair. The  leakage  flux  is  higher  and  the  torques  lower 
but,  with  the  margin  to  spare  in  both  magnetizing  cur- 
rent and  losses  as  mentioned,  it  is  possible  to  reduce  the 
number  of  turns  per  coil  and  perhaps  increase  the  size 
of  conductor  in  the  metal  wedged  slot.  By  this  means 
it  is  possible,  while  maintaining  a  high  power-factor,  to 
obtain  still  higher  efficiency  (at  higher  loads  at  least) 
than  with  the  open  slot  construction.  Also,  the  torque 
of  the  open  slot  construction  can  probably  be  equaled. 
Or,  if  desired,  with  the  turns  per  coil  the  same  as  on  the 
open  slot  motor,  a  larger  air-gap  can  be  used  with  the 
metal  wedged  slot  construction,  maintaining  the  same 
power- factor  as  with  the  open  slot  construction  and 
gaining  some  in  efficiency  and  torque,  due  respectively 
to  less  iron  loss  and  less  leakage.  The  metal  wedged 
slot  construction  thus  gives  a  certain  flexibility  in  de- 
sign, so  far  as  performance  is  concerned,  and  opens  up 
possibilities  for  working  the  active  material  more 
efficiently  than  is  possible  with  the  open  slot  construc- 
tion, while  at  the  same  time  all  the  advantages  of  the 
open  slot  construction  are  retained. 


The  Testing  of  Fan  Motors 


O.  F.  Rovvu 


THE  purpose  of  a  fan  is  to  assist  in  ventilation  and, 
in  some  cases,  to  supply  the  entire  ventilation  for 
a  room  or  building.  The  purchaser  is,  therefore, 
directly  interested  in  the  air  delivery,  power  consump- 
tion, size,  weight  and  life  of  the  working  parts.  These 
qualities  are  largely  determined  by  the  design   of   the 


I'IG.    I — TARC.I-.T   ANKMOMETER 

Used  to  measure  the  velocity  of  the  air  as  it  leaves  the  fan. 
motor,  but  every  fan  motor  should  be  tested  before  it 
leaves  the  factory  to  make  sure  that  it  meets  the  require- 
ments as  to  speed  and  power  consumption,  in  addition  to 
an  endurance  run  of  a  few  hours.  Additional  tests  are 
usually  made  on  a  few  samples  to  ascertain  the  exact 
restdts  secured,  and  some  of  these  tests  will  be  of  inter- 
est to  fan  users. 

Primarily,  the  purchaser  is  interested  in  the  amount 
of  air  delivered  by  the  fan,  and  the  power  taken  by  the 
motor.  There  are  several  ways  of  measuring  the  air 
delivery.  .\  rough  estimate  is  sometimes  obtained  by 
ascertaining  the  maximum  velocity  with  a  paddle-wheel 
anemometer  or  pitot  tube,  and  multiplying  this  velocity 
by  the  area  of  the  fan  in  square  feet.  The  anemometer 
indicates  the  velocity  in  feet  per  minute,  and  multiplying 
this  by  the  area  gives  roughly  the  volume  of  air  dis- 
placed ]">er  minute.  This  method  is  far  from  accurate, 
however,  due  to  the  peculiar  shape  of  the  air-velocity 
curve,  as  shown  in  Fig.  2.  The  maximum  velocity  is 
really  active  over  only  a  small  portion  of  the  total  area 
of  the  fan,  and  that  to  multiply  this  value  by  the  total 
area  would  give  a  volume  far  in  excess  of  the  true  value. 
Due  to  this  sharp  velocity  peak,  it  is  necessary  to  meas- 
ure the  velocity  with  either  a  pitot  tube  or  some  similar 
device,  the  paddle-wheel  anemometer  being  entirely  too 
large,  and  giving  only  an  average  of  the  actual  values 
desired.  The  values  shown  by  the  curve,  Fig.  2,  were 
obtained  by  use  of  the  target  anemometer.  This  instru- 
ment, shown  in  Fig.  I,  consists  of  a  small  target  approxi- 
mately one  inch  in  diameter,  on  the  end  of  a  light  alum- 
inum arm.  The  arm  is  fastened  at  the  middle  to  a  shaft, 
carrying  a  ])recision  meter  spring  and  a  graduated  dial. 
The  end  of  the  arm  o[iposite  the  target  carries  several 


vanes  in  a  dash-pot  to  damp  the  vibrations  and  a  pointer 
which  indicates  the  zero  position.  Readings  are  taken 
by  balancing  the  torque  of  the  meter  spring  against  the 
thrust  of  the  air  on  the  target,  and  reading  the  degrees 
deflection  on  the  dial.  The  instrument  was  calibrated 
with  a  standard  paddle-wheel  anemometer. 

The  correct  volume  of  air  was  obtained  by  taking 
the  readings,  as  shown  in  Fig.  3,  six  inches  in  front  of 
the  fan,  so  that  only  the  air  which  passed  through  the 
blades  was  measured,  and  by  excluding  the  entrained 
air  no  fictitious  result  was  obtained.  The  small  cross- 
marks  on  the  diagram  show  the  readings  taken  every 
inch,  and  in  all  four  quadrants,  from  the  center  line  of 
the  fan  to  the  outside  circle.  Readings  were  taken  in 
the  four  directions  to  secure  a  more  accurate  result  and 
to  eliminate  the  efifect  of  the  "shadow"  of  the  base  of  the 
motor  in  the  air  column.  The  average  of  the  four  read- 
ings on  each  concentric  circle  is  used  as  the  average 
velocity  of  the  area  between  the  two  concentric  circles 
midway  between  the  adjacent  velocity  circles.  For  ex- 
ani]3le : — The  velocity  at  zero  is  the  average  velocity  for 
the  circle  a  ;  the  velocity  at  /  is  the  average  velocity  for 
the  area  between  circles  a  and  /' ;  the  velocity  at  2  is  the 
average  for  the  areas  b  and  c,  etc.  The  areas  involved 
and  the  total  volume,  as  computed  from  Fig.  i,  are 
given  in  Table  I.  The  closer  together  the  points  were 
taken  on  the  curve  in  Fig.  i  the  more  accurate  were  the 
results  obtained.  The  difference  between  this  method 
and  the  product  of  the  maxinnun  velocity  and  the  total 
area  are  very  evident.     The  correct  volume  is  1740  cu. 


FIG,   2 — AIR-VEI.OCITY   CURVE 

Obtained  by  use  of  the  target  anemometer, 
ft.  per  minute,  while  the  maximum  velocity  of  2000  ft. 
per  minute  times  the  total  area  of   1.396  sq.   ft.  gives 
2792  cu.  ft.  per  minute,  or  an  error  of  1050  cu.  ft.  per 
minute. 

These  refinements  are  not  so  necessary   for  ceiling 
fans,  where  the  areas  involved  are  much  larger  and  a 
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paiklle-wheel  anemometer  can  be  used  very  satisfac- 
torily. The  paddle-wheel  anemometer  is  also  useful  in 
calculating  the  distance  to  which  a  fan  will  blow  the  air 
and  the  width  of  the  air  column.  The  most  desirable 
fan  is  one  which  will  not  only  penetrate  to  the  greatest 

TABLE  I— \'OLUME  CALCULATION' 


Area 

Average 

Velocity 

Fi.  per  .\iin. 

X'olume 
in  eu.  ft. 

Position  on  diag. 

sq.  ft. 

a 
a—b 
b—c 
c—d 
d—e 
e~f 
.f-g 
g-h 

0  0053 
0  0437 
0  0874 
0   1310 
0   1750 
0  2183 
0  2620 
0  3050 
0.3490 

730 
S97 
1240 
1390 
1610 
1970 
1570 
720 
180 

. 

4 

39 

108 

182 

282 

43' 

412 

219 

63 

Total 

1740 

distance,  but  will  also  cover  the  greatest  area.    A  typical 
air-column  curve  is  shown  in  Fig.  4. 

The  true  measure  of  the  efificiency  of  a  fan  motor,  so 
far  as  the  user  is  concerned,  is  the  number  of  cubic  feet 
of  air  moved  per  watt  input  to  the  motor,  the  input  being 
measured  by  an  ordinary  wattmeter.  The  efficiency  of 
the  motor  itself  and  the  torque  transmitted  to  the  blade 
are  not  easy  to  measure.  The  air  moved  by  the  fan  has 
a  very  decided  cooling  effect  on  the  motor,  and  a  brake 
test  does  not  always  give  accurate  results,  due  to  the 
changes  in  the  temperature.  For  this  purpose  an  adapta- 
tion of  the  cradle  dynamometer  has  been  devised,  a  view 
of  which  in  actual  operation  is  shown  in  Fig.  5.  The 
motor  is  set  on  a  platform,  which  is  adjusted  so  that 
the  center  line  of  the  shaft  passes  through  the  center 
line  of  the  clock  springs  aa.  used  in  place  of  knife  edges 


3 — DI.\GR.\M    USED   TO   DETliRMIXE   THE   VOLUME   OF 
P.'^SSED  THROUGH    THE   BLADES 


.MR   WHICH 


to  support  the  moving  framework  carrying  the  motor 
and  fan.  The  center  of  gravity  of  the  moving  frame- 
work and  motor  is  then  adjusted  by  means  of  the  weight 
w.  so  that  it  is  very  slightly  under  the  points  of  suspen- 
sion, and  will  cause  the  framework  to  return  to  its  in- 


itial position  when  the  fan  is  not  running.  The  reaction 
of  the  blade  against  the  air  is  transmitted  through  the 
motor  to  the  pivoted  framework  and  is  balanced  by  a 
sliding  weight  on  a  graduated  scale  b.  A  pointer  c 
and  a  releasing  mechanism  d  enable  the  operator  to  ad- 
just the  sliding  weight,  until  the  pointer  c  remains  in  the 
zero  position.  The  ounce-inches  torque  are  then  read 
directly  from  the  scale.  The  speed  of  the  motor  is 
measured  by  the  use  of  a  watthour  meter  dial  (not 
shown)  and  a  stop  watch.  The  following  formulae  give 
the  output  and  efficiency  when  the  torque  and  r.p.m.  are 
known : — 

ICa/(j  Output  =  ^■^■"'-   ^  "=-'"■  '^"'■■""■)  £ffi„>„f V  =  """"■'  '^'"f" 

IJJO  ■'  ■        iVatls  Input 

The  use  of  a  meter  dial  for  measuring  the  speed  has 
been  found  to  be  very  satisfactory,  as  it  takes  very  little 
power  compared  with  the  ordinary  speed  indicator,  and 
therefore  does  not  interfere  with  the  accuracy  of  the 
data. 

One  of  the  commercial  checks  on  output  which  is 
easily  made  is  to  place  two  similar  fans  one  or  two  feet 


FIG.   4 — TVPIC-\L    .\IR-C0LUM.\    CURVE   OF   TVVKLVE-IXCH    I- AX 

apart,  facing  each  other.  A  point  is  then  found  between 
them  where  a  large  sheet  of  cardboard  or  other  light 
material  comes  to  rest.  The  distance  between  the  fan 
blades  and  the  cardboard  is  a  rough  check  upon  the  two 
air  deliveries.*  To  check  the  true  efficiency,  the  watts 
input  to  each  motor  must  be  taken  into  account. 

The  wearing  parts  of  fan  motors  are  carefully  tested. 
One  of  the  chief  objections  to  a  series  or  shunt  motor  is 
the  wearing  of  the  brushes  and  commutator.  A  good 
brush  should  have  long  life,  but  should  not  wear  the 
commutator.  It  has  been  found  possible  to  secure  a 
brush  life  of  from  5000  to  30000  hours,  depending  on 
the  type  of  the  motor,  with  no  apparent  wear  on  the 
commutator.  In  this  connection  it  should  be  noted  that 
incorrect  results  are  sometimes  obtained  by  making  a 
short  run  of  200  to  300  hours,  and  assuming  that  the 


*See  also  an  article  on  "The  Selection  of  an  Electric  Fan." 
by  Mr.  H.  ^L  Scheibe.  in  the  Jourxal  for  .August,  1912,  p.  715. 
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entire  life  of  the  brush  will  be  proportional.  This  is  not 
true,  as  some  brushes  will  be  found  to  wear  faster  as  the 
commutator  becomes  worn  and  dirty.  To  secure  correct 
results  it  is  necessary  to  make  an  endurance  run  for  the 
entire  length  of  time. 

A  large  percentage  of  fan  motors  go  into  the  hands 
of  users  who  know  little  of  the  care  that  should  be  given 


FIG.   5 — MODIFIED   CRADLE   DYN.\MOMETER 

ao— Center  line  of  shaft  and  pivot  points.    6— Graduated  scale. 
c — Pointer,     d — Releasing  mechanism,     w — Weight. 

them  to  secure  the  best  operation.  Instruction  tags  are 
easily  lost  or  destroyed,  and  it  is  therefore  necessary  to 
equip  motors  with  a  lubrication  system  that  will  last  as 
long  as  possible  with  a  minimum  amount  of  attention. 
Refinements  in  design  have  made  it  possible  to  reduce 
the  size  and  weight  of  the  rotating  parts,  and  the  bear- 
ings of  drawn  steel  motors  can  therefore  be  made  con- 
siderably smaller  than  on  older  types  without  interfering 
with  the  life  of  the  bearing.  Tests  on  standard  bearings 
show  that  the  life  of  a  phosphor-bronze  bearing  with  a 
hardened  steel  shaft  may  vary  from  20000  to  30000 
hours  with  a  good  lubricating  system,  and  even  longer 
under  good  working  conditions.  To  secure  reliable  bear- 
ing tests  it  is  preferable  to  give  the  motors  a  continuous 
run  of  from  5000  to  10  000  hours  under  actual  working 
conditions.  Even  then  the  amount  of  wear  on  good 
bearings  is  so  small  that  it  can  only  be  measured  by  an 
expert. 

On  oscillating  fan  motors  the  cable  which  connects 
the  motor  body  to  the  base  should  be  carefully  tested. 
The  continuous  bending  of  this  cable,  due  to  the  move- 
ment of  the  motor  body,  seriously  affects  its  life.  In 
Fig.  6  is  shown  a  device  which  has  been  used  to  test 
various  kinds  of  cable  for  bending,  giving  as  nearly  as 
possible  the  conditions  met  with  on  the  motor,  but  at  a 
much  faster  rate.  It  consists  of  a  disc  of  wood  mounted 
on  the  end  of  a  motor  shaft  and  caused  to  rotate  at 
about  175  r.p.m.  The  disc  carries  a  swivel  connection, 
a,  to   which   the   middle   of   the   cord   to   be   tested   is 


fastened,  the  two  ends  of  the  cord  being  fastened  to  the 
frame  work  as  shown.  The  motor  is  connected  in  series 
with  the  cable,  so  that  a  break  in  the  cable  will  cause  the 
motor,  and  therefore  counter  b,  to  stop.  Every  revolu- 
tion of  the  disc  gives  the  cable  a  complete  bend,  and  the 
counter  can  therefore  be  made  to  register  the  total  num- 
ber of  bends.  A  good  cable  should  stand  as  high  as 
seven  to  eight  million  bends  before  breaking.  An  oscil- 
lator, making  a  complete  oscillation  eight  times  a  min- 
ute, would  therefore  run  about  two  years  on  one  piece 
of  cable,  assuming  that  it  ran  day  and  night  for  265 
days.  It  is  safe  to  say  that  the  ordinary  motor  runs 
only  one-quarter  of  this  time  at  the  most,  and  has  ac- 
cordingly a  cable  life  of  at  least  eight  years.  It  is  evi- 
dent that  any  sharp  bend  in  the  cable  would  shorten  its 
life,  and  care  should  be  taken  to  handle  it  with  as  much 
care  as  possible. 

Many  induction  motors  use  a  centrifugal  switch  to 
open  the  starting  winding  circuit  when  the  motor  comes 
up  to  speed.  Unless  carefully  designed,  this  switch  is 
apt  to  cause  trouble,  and  it  should  accordingly  be  given 
a  thorough  test.  This  is  done  by  means  of  a  contact 
mechanism  which  supplies  the  motor  with  current  for  a 
time  long  enough  to  enable  it  to  start  and  then  breaks 
the  circuit  and  holds  it  open  until  it  has  had  a  chance  to 
stop.  A  counter  connected  to  a  solenoid  in  series  with 
the  motor  records  the  number  of  starts,  and  an  overload 
time  relay  can  be  used  to  open  the  circuit  when  the 
switch  breaks  down  and  the  motor  fails  to  start.  A  good 
switch  lasts  for  about  200  000  starts.  Counting  2000 
starts  a  year,  which  is  an  average  of  over  five  a  day,  the 
life  of  the  switch  is  about  100  years.  The  use  of  a 
switch  of  this  character  makes  it  possible  to  greatly  in- 
crease the  efficiency  of  single-phase  motors,  because  the 
starting  winding  can  be  removed  from  the  line  when  not 
used. 


FIG.  6 — C.\BLE-TESTING   DEVICE 

Some  of  these  tests  must  be  made  in  the  laboratory, 
but  the  simpler  ones  enable  the  dealer  and  the  customer 
to  select  the  best  from  the  various  designs  on  the  mar- 
ket, bearing  in  mind  that  the  most  efficient  fan  is  the 
one  which  gives  the  greatest  air  delivery  for  the  smallest 
amount  of  power;  size,  weight  and  appearance  being 
also  considered. 


Maintaining  and  Fostering  Public  Utility 
Development  Under  Regulation 


Edwin  D.  Dreyfus 


THE  introduction  of  public  utility  regulation 
should  always  be  undertaken  with  the  view  of  a 
gradual  adjustment  to  the  new  conditions  and 
standards  rather  than  as  an  attempt  at  any  abrupt  en- 
forcement of  conformity  to  later-day  conceptions.  To 
do  otherwise  would  result  in  undermining  the  stability 
and  growth  of  our  public  utilities,  thus  establishing  a 
setback,  with  resulting  inconvenience  and  corresponding 
loss  to  the  public. 

It  is  quite  difficult  to  lay  down  in  general  terms  cor- 
rective measures  that  will  apply  to  all  conditions  encoun- 
tered, but  we  may  well  take  notice  of  the  course  of  cer- 
tain events  since  the  new  order  of  regulation  was 
inaugurated  about  nine  years  ago.  Essentially  the  big 
factor  that  stands  out  prominently  in  this  whole  ques- 
tion of  regulation  is  the  matter  of  public  opinion  and 
confidence.  This  requires  little,  if  any,  emphasis.  It  is 
the  general  attitude  of  the  public  towards  the  utilities 
that  is  finally  reflected  in  the  character  of  regulation 
administered  by  any  division  of  the  government.  The 
power  of  public  opinion  in  a  democratic  government  is 
fundamentally  controlling  and,  while  it  may  be  tem- 
porarily upset  in  traveling  the  usual  course  of  govern- 
mental machinery,  nevertheless,  it  ultimately  prevails. 
It  is  to  the  people  direct  that  the  utility  should  primarily 
address  itself,  and  it  should  not,  as  often  is  the  case, 
rely  too  greatly  upon  the  actions  of  representatives  of 
the  people  who  may  attempt  to  give  their  interpretation 
of  the  will  of  the  people.  Sometimes  they  do  this  as 
they  should,  and  again  they  are  moved  to  prejudicial 
actions  in  the  hopes  of  gaining  public  favor,  not  infre- 
quently at  heavy  cost  to  the  utilities  companies. 

The  steam  railroads  have  set  the  example  in  enlist- 
ing public  support  through  their  broad  campaigns  made 
to  obtain  fair  consideration  in  their  rate  cases,  and  fur- 
thermore, to  secure  sane  legislation  in  some  states  which 
either  had  obstructive  laws  in  force  or  in  contemplation. 
A  full  and  candid  discussion  of  the  needs  of  the  public 
utility  and  a  true  disclosure  of  their  economic  position 
should  develop  a  sympathetic  interest  on  the  part  of  the 
thinking  public. 

It  is  practically  an  established  fact  that  people  as  a 
rule  believe  in  fair  play,  and  if  they  may  be  brought  to 
a  clear  understanding  of  the  situations  that  have  sur- 
rounded the  growth  of  public  utilities  they  will  be  in- 
clined to  accede  a  liberal  interpretation  of  all  reason- 
able means  which  were  employed  in  developing  the 
utilities,  and  will  not  be  disposed  to  allow  the  placing 


of  undue  restrictions  against  the  extension  of  such  prop- 
erties. 

Admittedly,  the  attainment  of  this  end  is  not  to  be 
looked  for  until  an  earnest  and  united  effort  is  made  by 
the  utilities  to  accomplish  such  desideratum,  and  due 
time  is  allowed  for  the  disseminated  knowledge  of  the 
public  utility  business  to  percolate  through  the  masses 
of  the  people.  As  the  utility  business  is  of  an  intricate 
nature,  the  task  of  bringing  to  the  public  an  adequate 
realization  of  the  conditions  that  induce  the  most 
profitable  development  for  both  rate-payer  and  investor 
is  evidently  not  simple,  but  the  eventual  benefit  to  be 
thus  achieved,  as  outlined  later,  cannot  well  be  contro- 
verted. 

When  the  public  service  commissions  first  began  their 
work  the  public  utilities  generally  were  naturally  cau- 
tious in  the  divulging  of  what  had  hitherto  been  consid- 
ered confidential  information.  The  public  utility  act  em- 
powers the  commission  to  order  any  and  all  information 
required  for  the  proper  regulation  of  the  utilities,  but 
very  few  of  the  state  commissions  have  abused  their  in- 
quisitorial powers  and  nearly  all  have,  furthermore, 
measured  their  course  slowly  and  wisely  because  of  the 
vast  data  that  would  accumulate  which  could  not  be  sat- 
isfactorily utilized  unless  a  large  engineering  and  clerical 
force  was  maintained.  In  view  of  this  slowness,  some 
companies  continued  the  "laissez  faire"  policy  and  did 
not  proceed  on  their  own  initiative  to  review  historically 
the  different  stages  of  their  corporate  development  in 
order  to  establish  the  real  investment  made  (to  be  sup- 
ported by  an  appraisal  if  the  construction  records  are 
incomplete)  and  to  analyze  the  cost  of  the  different  ser- 
vices rendered  which  would  make  their  rates  productive 
of  the  largest  business  expansion  without  being  exor- 
bitant for  any  one  class,  or  without  producing  adequate 
returns  from  another. 

If  a  company  neglects  to  submit  its  affairs  to  a  thor- 
ough inspection  of  its  own  officials  and  defers  doing  so 
until  a  day  of  reckoning  is  brought  on  through  lack  of 
confidence  and  dissatisfaction  by  the  consuming  public, 
then  the  company  must  petition  for  a  delay  until  it  may 
gather  data.  There  can  be  but  one  result, — the  argu- 
ments and  data  that  the  respondent  may  file  will  be 
labeled  as  "prepared  for  the  occasion"  and  thereby  likely 
to  be  considered  as  influenced  by  necessity.  The  affairs  of 
the  company  will  then  be  examined  more  circumspectly 
and,  with  confidence  shattered,  they  may  no  longer  ex- 
pect to  receive  the  benefit  of  any  doubt  that  might  other- 
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wise  have  been  granted  them.  It  becomes  a  compromise, 
with  the  company  obhged  to  yield  practically  every 
claim  on  points  of  valuation  and  earnings  up  to  the 
limit  of  confiscation,  when  it  may  seek  protection  under 
the  fourteenth  amendment  to  the  United  States  Consti- 


development.  Companies  who  are  capable  financially 
may,  at  their  own  discretion,  undertake  their  valuations 
with  great  refinement  in  quest  of  further  instructive  in- 
formation. If  a  company  has  no  detailed  data  as  to  the 
distribution  of  its  investment,  the  following  advantages 


rmation    where    taxes    are 


tution,  which  prevents  the  confiscation  of  investment  in  are  to  be  gained  through  a  complete  valuation  of  the 

property  without  due  process  of  law.     But  to  resort  to  property  :— 

the  courts  is  a  costly  proceeding.  The  expense  of  a  long-  a— Establishing  the  equity  back  of  the  investment. 

drawn-out  comrnission  hearing  and,   in   all  probability,  fc— Providing   a   definite   basis    for   measuring   the   rate   of 

later  reviews  by  the  courts,  would  be  manifold  as  com-     return,  ,,.,-., 

idici   iv.vi,_vvo  L,j.   L  ,  ^  ^. — j^[3^.,„g  reasonable  apportionments  of  the  nivestment  as 

pared  with  the  cost  of  making  this  preparation  a   jjart  devoted  to  the  ditTerent  classes  of  service  rendered. 

of  the  ordinary  business  procedure.  rf— .-Xffording  a  reclassification  of  the  elements  of  the  prop- 

T         ,               .              ,.ii.i            ,r  , (  i-u^  toot;,,-,^,!-,-  i"r,  ertv  to  correspond  with  an  established  uniform  system  of  ac- 

It  only  requires  a  little  reading  of  the  testimon>   in  ^p^;„(i„g 

some  of  the  various  rate  cases  coming  before  the  com-  ,— Furnishing  a  basis  of  sale  or  transfer  of  the  property  in 

missions  to  impress  one  with  the  woeful  lack  of   pre-  either  public  or  private  sale,  or  for  mergers  and  consolidations. 

,                  J      .           -^         c      n    tu„    .,„.,^^,-^    f^l<i.,f    tUa  f — Enabling  the  company  and   the   municipality   to   appro- 

paredness   and,    m    spite   of    all    the    expert   talent    the  ^^.J^^^^  ^^  ^^^^^  ^^  renewal  of  franchises  or  in  the  readjust- 

companies  called  to  their  aid,  the  "die  was  cast"  and  the  ment  of  ordinance  rates, 
amount  of  valuations  and  earnings  suffered  a  drastic 
scaling  down.  It  is  possible  in  some  cases  that  the 
earnings  would  have  been  found  excessive,  viewed  from 
the  standpoint  of  monopoly,  even  when  based  upon  the 
valuation  carried  upon  the  company's  books  at  the  time 
of  the  investigation.  Then  the  position  of  the  company 
would  certainly  be  prejudiced  and  impaired  by  not 
liaving  voluntarily  undertaken  to  adjust  its  own  rates 
according  to  the  letter  and  spirit  of  the  law.  But  the 
situation  will  be  far  worse  in  such  cases  where  the  com- 
pany is  unable  to  even  support  its  valuation  by  any 
tangible  records,  or  readily  substantiate  its  investments 
by  a  careful  exposition  of  the  different  stages  of  devel- 
opment of  the  company  and  the  expenditures  entailed  in 
each  period.  Naturally  the  general  objection  to  the  plan 
of  due  preparation  lies  in  the  cost  of  appraisals  and 
other  examinations  usually  required.  Exhaustive  ap- 
praisals, wherein  every  conceivable  item  and  operation 
involved  in  constructing  the  existing  plant  is  separately 
enumerated  and  evaluated,  call  for  appropriations  of 
serious  sums  of  money.  Composite  appraisals,  in  which 
quite  general  divisions  only  are  considered  and  average 
costs  applied  (having  been  selected  with  proper  regard 
to  the  constituent  details),  on  the  other  hand,  may  be 
made  at  reasonable  costs.  The  latter  should  prove 
ample  for  all  business  needs  and  also  serve  the  purposes 
of  regulation.  The  appraisal  of  the  physical  plant  is 
only  a  guide  or  stepping  stone  in  determining  the  final 
fair  value,  as  in  effect  enunciated  in  the  celebrated 
Smyth  vs.  Ames  case,*  and  as  public  service  commis- 
sioners will  hold  after  having  acquired  a  comprehen- 
sive understanding  of   the   public  utility   situation   and 


*"We  hold,  however,  that  the  basis  of  all  calculations  as  to 
the  reasonableness  of  rates  to  be  charged  by  a  corporation 
maintaining  a  highway  under  legislative  sanction  must  be  the 
fair  value  of  the  property  being  used  by  it  for  the  convenience 
of  the  public.  .\nd  in  order  to  ascertain  that  value,  the  orig- 
inal cost  of  construction,  the  amount  expended  in  permanent 
improvements,  the  amount  and  market  value  of  its  bonds  and 
stock,  the  present  as  compared  with  the  original  cost  of  con- 
struction, the  probable  earning  capacity  of  the  propertj-  under 
particular  rates  prescribed  by  statute,  and  the  sum  required  to 
meet  operating  e.xpenses,  are  all  matters  for  consideration  and 
are  to  be  given  such  weight  as  may  be  just  and  right  in  each 
case."    Smyth  vs.  .■hius.  169  U.  S.,  466. 


(/ — Securing    the    required 
founded  upon  inventories. 

h — Deriving  values  to  be  applied  to  such  parts  of  the  prop- 
erty upon  which  insurance  should  be  carried. 

! — In  indicating  the  probable  needs  of  the  business. 

.\part  from  all  other  considerations,  the  wisdom  of 
placing  the  utility  business  in  true  alignmeiit  with  the 
requirements  contemplated  by  modern  regulatory  laws 
is  constantly  becoming  more  apparent.  If  a  company 
remains  inactive  in  this  respect,  the  possible  conse- 
quences are  that  the  regulatory  body  may  institute  a 
disciplinary  order  admitting  competition,  or  else  may  be 
rigid  in  its  interpretation  of  the  theories  of  regulation. 
In  either  case  the  company  may  be  left  in  an  awkward 
])osition.  These  developments  are  no  longer  subjects  of 
conjecture,  but  are  now  matters  of  record.  The  first 
signal  case  to  be  mentioned  is  that  of  the  Railroad  Com- 
mission of  California  in  its  decision  in  Case  No.  269, 
Pacific  Gas  &  Electric  Company  7'S.  Great  Western 
Power  Company,  decided  June  16,  1912,  in  which  the 
Pacific  Gas  &  Electric  Com])any  jirotested  the  applica- 
tion of  the  Great  Western  Power  Company  for  a  cer- 
tificate of  convenience  and  necessity  to  enter  certain 
territory  already  occupied  by  the  Pacific  Gas  &  Electric 
Comjjany.  The  commission  reviewed  the  situation  in 
much  detail,  showing  where  the  company  had  been  at 
fault,  evinced  what  it  thought  the  interest  of  the  public 
was,  and  finally  permitted  competition.  "In  part,  the 
commission  stated  that, — 

"The  application  of  the  Great  Western  Power  Company 
*  *  *  is  granted  for  the  reason  that  we  find  the  service  of 
the  Pacific  Gas  &  Electric  Company  therein  is  neither  complete 
.  nor  adequate,  and  the  rates  charged  therein,  except  under 
stress  of  competition,  have  been  higher  than  should  have  been 
maintained." 

Continuing  on  the  above  principle,  the  commission 

asserted, — 

"Likewise  it  appears  that  although  the  Pacific  Gas  &  Elec- 
tric Company  is  now  willing  to  put  in  the  lower  rates  which 
have  been  offered  by  the  Great  Western  Power  Company,  it 
did  not  show  any  such  inclination  until  the  Great  Western 
Power  Company  had  tendered  the  lower  rates.  *  *  *  We 
feel  that  it  is  our  duty  to  the  public  in  the  congested  sections 
covered  by  the  application  of  the  Great  Western  Power  Com- 
pany to  permit  the  second  utility  to  come  in.  even  if  in  doing  so 
it  shall  take  away  a  portion  of  the  business  now  being  held  by 
tile  Pacific  Gas  &  Electric  Company." 
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In  addressing  the  Mayors'  Conference  held  in  Phila-  It  is  of  much  importance  to  all  utility  companies  to 
delphia  during  the  latter  part  of  1914,  Lieutenant  Gov-  keep  in  touch  with  the  latest  improvements  which  could 
ernor  Eshleman,  of  California,  formerly  chairman  of  be  introduced  not  only  to  enable  them  to  determine 
the  Railroad  Commission  of  that  state,  made  reference  whether  such  improvements  should  be  employed  by 
to  the  case  just  cited  and  remarked  that  the  Pacific  Gas  them,  but  also  to  be  able  to  answer  statements  of  pro- 
&  Electric  Company  acknowledged  the  lesson  set  down  posed  opposition  companies  that  the  operation  of  such 
in  this  decision  and  accordingly,  on  its  own  initiative,  improved  devices  would  enable  them  to  furnish  service 
adjusted  the  rates  throughout  its  entire  system  along  at  a  much  lower  rate  in  case  such  statements  were  made 
the  lines  covered  by  the  decision.  It  is  equally  im]ior-  to  a  public  service  commission  as  a  means  of  securing 
tant  that  each  utility  realign  its  affairs,  if  circumstances  permission  to  enter  a  field  thus  already  occupied, 
may  suggest  it,  regardless  of  the  state  within  which  the  As  already  observed,  the  commissions  may  issue  a 
tttility  may  be  located.  It  will  in  this  way  fortify  iti  disciplinary  order  in  some  cases  by  admitting  competi- 
[josition.  The  weight  of  this  discussion  plainly  centers  tion,  and  in  others  by  reducing  the  valuation  and  earn- 
about  this  very  point  of  preparation,  and  if  the  situation,  ings  of  the  utility.  Examples  of  the  latter  are  to  be 
after  all  factors  have  been  considered,  warrants  it,  then  found  in  the  rate  cases  of  two  metropolitan  cities  and 
a  voluntary  readjustment  of  its  rates  of  service  should  a  moderate  size  town.  It  is  interesting  to  note  the 
be  undertaken.  This  would,  in  all  likelihood,  be  fol-  values  claimed  by  the  companies  and  those  finally  al- 
lowed by  a  beneficial  expansion  of  biisiness.  lowed  by  the  commission  : — 

It  is  not  to  be  argued  that  the  above  case  is  and  ,,  ,       ,  ■      ,      ,,  ,     r      ., 

°  .  .  V  alue  claimed       Value  nxed  by 

will    remain    an    isolated    one.      In    fact,    it    has   already  by  the  company    the  commission 

established  itself  as  a  precedent,  and  we  find  the  Idaho  St.  Louis,  Mo $24  072  502  $16  134  393 

Public  Utilities  Commission,  approximately  three  years  Buffalo,  N.  Y 6  166  140  3  i94  iS9 

,   ,.        r   ,1       •        •  ^   •  ^\.       u  '1  bpnngfield,   Mo 4643^7  300000 

later,  lollowmg  m  no  uncertam  way  the  above  example 

of  the  California  Commission,*  and  likewise  admitting  There  are,  of  course,  many  conditions  that  surround 

competition.  the  valties  just  given,  but  the  amounts  as  compared  glar- 

It   is  well   to   make  reference  here   to   some  of   the  "igly   display   the  outcome   of   regulation   more   or  less 

decisions  of  the  California  Commission  where  they  have  "ideally"  applied.    It  is  not  to  be  understood  necessarily 

taken  more  liberal  views  than  shown  in  the  first  case  that  the  values  determined  Ijy  commissions  in  all  cases 

mentioned.    In  the  application  of  the  Oro  Electric  Corpo-  .  ^^ere  entirely  the  results  of  academic  consideration  of 

ration  for  permission  to  engage  in  business  in  the  city  of  the  cost  of  replacing  the  property  in  its  present  state  of 

Stockton.t  the  commission  was  of  the  opinion  that  the  development.     It  is   found  quite  frequently  that  amr)le 

existing  utility  had  not  done  its  duty  toward  the  public  allowances  may  have  been  made  in  the  matter  of  unit 

by  furnishing  adequate  service  at  reasonable  rates,  but  costs  and  indirect  construction  and  overhead  expenses 

notwithstanding    this    fact    the    commission    gave    the  >"   determining  the  total   value   of   the  physical   plant, 

utility  company  the  opportunity  to  adjust  matters.  However,  in  spite  of  liberal  estimates  on  all  existing 

In  accepting  a  franchise  to  occupy  the  streets,  alleys,  property,  the  total  value  reached  may  fall  below  the  sum 
lanes,  etc.,  in  a  municipality  the  utility  assumes  a  definite  of  money  actually  devoted  to  the  property  by  the  present 
dutv,  and  any  disregard  of  its  responsibility  should,  in  o^^'"e''s  of  the  stocks  and  securities  of  the  company,  due 
all  fairness  to  the  citizens  of  the  municipality,  be  sub-  ^°  'he  developmental  conditions  that  existed.  In  such 
ject  to  corrective  measures,  either  through  abrogation  ^^'^"^5  the  investments  thought  to  be  legitimately  and 
of  its  franchise,  which  would  manifestly  be  the  most  «^f^l>'  "^''^^'^  '^'^™'"^  invalidated  through  governmental 
drastic  step  which  could  be  taken,  or  by  the  admission  of  regulation.  If  the  business  has  been  conducted  in  re- 
competing  utilities  in  the  field,  providing,  of  course,  that  ^^""^'"^  °^  ^i"^^^'  o^"  ^^^  methods  in  vogue  prior  to  utility 
the  most  rational  means  of  securing  improvement  of  the  regulation  were  opposed  to  public  policy,  then  the  in- 
service,  say  through  the  offices  of  the  utilitx-  commission,  ^^^""^"^  regulatory  powers  of  the  state  or  federal  govern- 
had  first  failed  ment  should  be  applied.     However,  the  application  of 

A  company  temporarily  embarassed  or  in  transient  ^'"'^^  so-called  police  powers,  under  which  function  of 
difficulty  through  unforeseen  happenings  would  hardly  government  the  regulation  of  iniblic  service  companies 
be  harassed.  But  if  the  unsatisfactory  state  ensuing  '-~°"''^*'  ^'^ould  be  approached  with  due  regard  to  all 
is  allowed  to  prevail  for  any  length  of  time,  and  there-  ^'^'^'^^  ^''''''  "^^^  instrumental  in  bringing  this  great 
fore  permitted  to  become  a  rather  chronic  weakness,  "t'^'^^  business  to  its  present  remarkable  stage  of  de- 
then  the  company  is  no  longer  entitled  to  the  considera-  velopment. 

tion  that  would 'otherwise  be  its  due  if   energetic  and  ^^  "^'''>'  '^e  true  that  the  time  has  been  ripe  within 
well-directed  efforts  were  made  to  restore  the  quality  '"^'-'•^"^  ^^''"'-^  ^°  ^^vMhh  new  standards  for  public  ser- 
r          ■                                                                                  '  vice  companies,  but  it  certainly  does  not  follow  that  all 
ot  service.  ^  .  -  . 
rules  and  practices  now  fixed  upon  for  future  guidance 

*In  rendering  a  decision  January  16,  1915,  in  rehearing  of  should  become  retroactive,  any  more  than   it  would  be 

the  Great  Shoshone  &  Tzvin  Falls  Water  Pozi'er  Coiiihanx  vs.  -j        j  ■4„ui„  :„  t-U ^«„„„„„  ^c  iU       1         i 

Idaho  Pozcer  ^r  Light  Company.  "  considered  equitable  in  the  passage  of  any  other  law  to 

tDecided  April  29,  1913,  \'oI.  2,  R.C.Ca.,  748.  attempt  to  adjust   in   any  way  the  results   of  business 


4i8 


THE    ELECTRIC   JOURNAL 


legitimately  conducted  under  previous  laws,  excepting, 
of  course,  where  palpable  abuses  existed. 

The  one  phase  in  the  regulation  of  public  service 
companies  which  has  opened  up  so  much  room  for  argu- 
ment has  been  the  question  of  "upon  what  value  should 
the  company  be  allowed  to  earn  a  fair  return  ?"  From 
a  purely  scientific  standpoint  the  problem  of  determin- 
ing the  amount  of  money  actually  required  to  reproduce 
the  property  used  and  useful  for  public  convenience  at 
the  present  time  is  now  fairly  well  understood.  Also 
the  additional  considerations  such  as  given  in  the  Smyth 
vs.  Ames  case.  But  the  final  issue,  which  should  be 
squarely  faced  by  the  partisans  of  both  the  public  and 
utility  interests,  rests  upon  the  perplexing  question  as 
to  whether  capital  would  have  been  induced  to  flow  into 
the  channels  of  the  public  utility  enterprises  if  the  re- 
turns for  the  risks  ufidertaken  had  either  been  nar- 
lowly  limited  or  eliminated  entirely  during  the  develop- 
ment stages  of  the  business.  With  all  fair-mindedness 
it  may  be  said  that  in  all  likelihood  the  utilities  would 
have  been  restricted  to  exceedingly  limited  size  and 
activity  if  those  who  possessed  the  ability,  enterprise 
and  courage  required  had  not  been  allowed  to  contem- 
plate due  profits  as  compensation  for  risks  assumed  in 
the  early  days  of  the  business. 

What  is  a  more  convincing  illustration  of  the  risks 
involved  than  the  case  of  an  artificial  gas  company 
whose  entire  investment  becomes  jeapordized  through 
the  sudden  discovery  of  large  natural  gas  fields  within 
reasonable  radius  which  may  be  controlled  by  interests 
seeking  to  compete  ?  A  water  power  company  may  like- 
wise cause  the  investment  in  a  local  steam  power  plant 
to  sufifer.  The  jitney  bus  had  a  demoralizing  effect 
upon  some  of  the  street  railway  companies.  A  long 
series  of  other  distracting  conditions,  both  present  and 
past,  could  be  instanced.  What  the  future  holds  forth 
is  pure  speculation,  and  our  regulator}'  bodies  cannot 
draw  too  close  a  line  in  restricting  profits,  inasmuch  as 
no  guarantee  is  given  against  possible  losses. 

Consolidations  and  expansions  of  our  different  utili- 
ties have  brought  about  substantial  economies  in  opera- 
tion in  which  the  public  has  materially  shared.  These 
results  have  been  secured  through  the  abandonment  of 
perfectly  good  but  small  and  uneconomical  equipment 
and  substituting  larger  and  more  efficient  apparatus  and 
systems. 

That  the  utilities  have  required  large  sums  of  money 
for  their  development  is  shown  by  the  last  report  of  the 
Bureau  of  Census,  Department  of  Commerce,  for  1912. 
The  capitalization  of  the  privately-owned  central  sta- 
tion light  and  power  companies  alone  represents 
$2  099  000  000,  and  has  been  doubling  every  five  years. 
In  the  case  of  other  utilities,  exclusive  of  steam  rail- 
roads, the  sum  exceeds  10  billions,  and  including  the 
steam  roads  stretches  beyond  25  billions.  Compared 
with  the  total  national  wealth,  which  the  Census  Bureau 
estimated  at  $187739000000  for  1912,  the  position  of 
our  utilities  stands  out  prominently.  Real  property,  or 
the  value  of  improved  lands,  was  one-half  of  this  total 


wealth,  so  that  of  the  remainder  the  utilities  represented 
over  25  percent.  To  direct  any  retarding  blow  at  our 
public  utilities  is  to  hold  in  check  further  progress  of  a 
significant  part  of  our  national  enterprises. 

It  is  an  unalterable  economic  law  that  money  will 
naturally  flow  to  those  undertakings  which  oflfer  the  _ 
greatest  opportunities  for  profit.  This  governed  invest- 
ments made  in  the  past,  and  we  cannot  honorably  dis- 
claim a  reasonable  protection  to  investors  who  provided 
the  capital  before  the  utilities  were  regulated.  The  state 
of  Maryland  particularly  has  gone  so  far  as  to  insert 
the  following  stipulation  in  its  public  service  law : — 

"Every  such  valuation  shall  be  so  made  and  ascertained  by 
the  commission  that  as  far  as  possible  it  shall  not  disturb  the 
value  of  bonds  of  any  said  corporation  issued  prior  to  this  Act." 

While  contending  for  the  rights  of  the  investors  with 
respect  to  past  investments,  it  would  be  the  height  of 
folly  to  hold  that  whatever  valuation  or  capitalization 
the  company  may  carry  on  its  books  should  at  all  times 
be  accepted  at  face  value  without  adequate  proof  or 
other  exposition  of  the  propriety  of  the  amounts.  The 
book  records  of  the  company  may  show  this  sufficiently, 
but  they  are  often  incomplete.  Therefore,  the  company 
should  institute  a  careful  survey  of  its  development  to 
establish  the  soundness  of  its  capitalization  when  viewed 
from  the  standpoint  of  our  broad  economic  laws.  To 
be  a  little  more  definite,  it  cannot  be  overlooked  now 
that  a  great  many  properties  were  purchased  by  the 
present  owners  on  the  basis  of  their  earning  capacity, 
which  rule  was  usually  followed  before  regulation  was 
enforced.  Some  commissions  have  overruled  any  con- 
sideration of  the  earning  capacity  as  a  basis  for  valua- 
tions by  stating  that  it  would  result  in  reasoning  in  a 
circle.  While  this  attitude  may  find  a  place  in  regu- 
lating present  earnings  it  works  an  injustice  when  ap- 
plied to  utilities  during  the  time  they  were  promoting 
the  use  of  their  service  in  competition  with  other  means 
of  lighting  and  transportation  available  and  convenient 
for  the  public. 

When  the  nation,  or  some  subdivision  forming  a 
political  entity,  has  sought  to  promote  its  industrial  and 
commercial  welfare,  it  has  tendered  land  grants,  special 
privileges  and  in  cases  substantial  subsidies  to  private 
capital  to  induce  the  individuals  to  assume  the  responsi- 
bility of  developing  the  different  agencies  of  transporta- 
tion, communication  and  other  facilities  essential  to  the 
progress  of  its  trade,  its  commerce,  its  manufacture,  its 
agriculture,  and  last  but  not  least;  its  social  conditions. 
While  no  direct  subsidizing  was  done  in  the  fostering  of 
our  various  public  utilities,  with  the  exception  of  the 
railroads,  the  equivalent  condition  prevailed  in  that  the 
authorities  and  the  public  acquiesced  in  the  plans  upon 
which  the  present  public  service  companies  were 
founded.  In  other  words,  private  interests  were  al- 
lowed a  bounty  over  and  above  the  bare  cost  of  provid- 
ing the  physical  property  and  perfecting  the  engineering, 
legal,  administrative  and  operating  organizations. 

Denying  the  reasonable  claims  for  this,  the  intangi- 
ble capital  element,  particularly  in  view  of  the  fact  that 
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it  has  been  covered  by  large  amounts  of  securities  issued 
in  good  faith  and  accordingly  purchased  by  the  invest- 
ing public,  would  be  identical  with  a  case  in  which  the 
government  had  furnished  an  attractive  subsidy  to  a 
private  company  to  embark  upon  a  certain  venture,  and 
after  the  undertaking  had  proven  financially  successful, 
had  turned  around  and  refuted  its  gift  by  saying  that, 
as  a  considerable  part  of  the  money  was  contributed  by 
the  people,  the  company  would  not  be  allowed  to  earn  a 
leturn  upon  that  portion  of  the  investment.  In  effect 
v,-'^  have  a  striking  parallel  in  the  case  of  utilities  gener- 
ally where  the  subsidy  took  the  form  of  a  silent  consent 
to  a  capitalization  upon  which  they  would  later  be  al- 
lowed fair  returns  under  evidently  reasonable  circum- 
stances. Such  a  procedure  provides  a  stimulus  to  busi- 
ness promotion  similar  to  that  arising  through  the  offer- 
ing of  fixed  subsidies  in  advance. 

To  the  fair-minded  there  are  certain  ethics  that  busi- 
ness must  observe  with  respect  to  our  governmental  in- 
stitutions and  policies,  and  conversely  the  government 
should  adopt  a  corresponding  ethical  course  in  its  treat- 
ment of  business  development.  This  obviously  should 
be  the  case  where  business  has  not  been  affected  by 
iniquitous  practice,  but  only  by  such  methods  as  were 
lequired  to  superinduce  a  healthy  growth.  The  validity 
of  the  argument  lies  in  the  fact  that  the  public  has 
benefited  and  prospered  under  past  conditions.  The 
people  do  not  recognize  any  responsibility  for  the  fail- 
ure of  any  utility  undertaking,  but  on  the  other  hand, 
will  they  understandingly  and  intentionally  prevent  a 
compensating  reward  when  by  ingenuity,  courage  and 
sacrifice  a  profitable  concern  has  been  produced  ?  The 
main  difficulty  is  that  the  people  do  not  realize  at 
this  time  the  extent  of  their  obligations  to  the  public 
service  companies,  and  the  task  then  is  to  see  that 
the  facts  in  the  case  are  sufficiently  understood  by  the 
proper  expose  of  the  company's  financial  history.  Bring 
these  relevant  facts  plainly  home  to  the  people,  as 
some  companies  have  done — which  is  only  possible  by 
thorough  preparation — and  a  means  for  relief  from 
undue  pressure  and  agitation  will  have  at  least  been 
launched. 

Consequently,  the  utility  should,  among  other  things, 
prepare  a  synopsis  of  its  history,  with  a  parallel  of  the 
probable  conditions  of  development  that  would  have  ob- 
tained if  large  amounts  of  capital  had  not  been  attracted 
to  the  utility  undertakings.  Had  the  original  companies 
remained  separate  and  confined  themselves  to  small  dis- 
tricts, it  should  be  prepared  to  show  that  the  amount  of 
capital  invested  up  to  the  present  time  would  have  been 


as  nuich,  if  not  more,  than  resulted  through  the  consoli- 
dations that  have  taken  place,  although  the  profits  to  the 
promoters  in  the  latter  case  would  be  larger  than  that 
accruing  to  the  owners  of  the  separate  properties.  How- 
ever, the  efficiencies  which  are  a  direct  outcome  of  con- 
solidation and  expansion  have  brought  the  charges  for 
the  service  down  to  far  lower  point  than  would  have 
jjrevailed  with  a  number  of  independent  companies  indi- 
\  idually  operated  and  managed. 

The  public  has  derived  benefits  for  which,  under 
[jresent  political  conditions,  it  is  not  always  willing  to 
recognize  its  reciprocal  duties.  Therefore  the  utilities 
may  hope  to  win  eventually  in  all  of  these  important 
matters  only  through  tireless  campaigning  carried 
through  the  different  strata  of  social,  political  and  civic 
organizations.  The  accomplishment  of  this  end  will  de- 
pend as  much  upon  the  character  of  the  public  utility 
organization  itself  as  upon  any  one  other  thing.  In  no 
other  field  of  endeavor  is  there  such  a  necessity  for 
loyalty  to  the  undertaking,  and  the  management  in  rnany 
quarters  has  responded  to  this  need  by  organizing  vari- 
ous company  activities  affording  social  and  technical 
opportunities.  But  the  movement  may  be  profitably 
carried  a  step  farther  in  the  direction  of  developing 
their  employes  into  men  of  competency,  influence  and 
action  in  whatever  sphere  they  may  travel  in  their  re- 
spective social  positions.  In  each  case  they  will  become 
the  center  of  reasoning  groups  of  our  body  politic,  in 
which  the  tenets  and  principles  of  fair  treatment  for  the 
utilities  may  be  definitely  promulgated. 

Any  implication  of  novelty  in  the  above  proposal 
would  be  misleading  and  erroneous,  as  in  some  cases  re- 
markable work  has  already  been  done  in  establishing  a 
friendly  spirit,  confidence  and  good  will  on  the  part  of 
the  public.  The  national  associations  have  contributed  a 
large  share  in  aid  of  the  cause.  However,  the  brunt  of 
this  burden  must  fall  upon  the  local  utilities  in  the  dif- 
ferent sections,  and  upon  the  alacrity  with  which  they 
take  up  these  important  problems  depends  their  ultimate 
integrity  and  their  status  in  the  communities  in  which 
they  operate.  The  treatment  that  many  companies  have 
received  at  the  hands  of  various  state  commissions  has 
made  the  managements  of  many  utilities  sensitive  as  to 
any  consideration  of  their  valuations  until  obliged  by 
commission  procedure  to  disclose  all  the  facts.  For  any 
utility  to  set  out  detailed  information  indiscriminatelv. 
without  premeditation  and  analysis  would  be  likely  to  be 
destructive  to  its  best  interests,  but  no  arguments  may 
ofifset  the  virtual  necessity  of  at  least  a  diagnosis,  if  not 
a  complete  X-ray  examination  of  its  own  affairs. 


Meter  Equipment  of  Outdoor  Substations 


Lester  C.  Hart 

Sales  Manager, 

Railway  &  Industrial  Engineering  Company, 

Pittsburgh,  Pa. 


AS  a  result  of  the  great  expansion  and  large  adop- 
tion of  the  outdoor  substation  as  a  means  of  dis- 
tribution, the  question  of  metering  the  power  at 
these  stations  has  been  receiving  more  and  more  atten- 
tion. In  the  past  it  has  been  a  very  serious  problem, 
but  recent  developments  and  simplification  of  the  meter- 
ing equipment  have  done  away  with  a  good  many  of  the 
difficulties.  The  difficulty  applied  not  only  to  small  dis- 
tributing stations,  but  to  large  receiving  stations,  and  to 
stations  which  act  as  a  tie-in  between  two  different 
transmission  systems  or  two  separate  parts  of  the  same 
system.     With  the  apparatus  which  was  available  until 
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recently  it  was  almost  imperative  that  this  metering 
equipment  be  placed  indoors. 

For  metering  small  capacity  substations  now,  the 
practice  is  usually  to  put  the  equipment  on  the  low- 
voltage  side  of  the  station,  running  the  2300,  4000  or 
6600  volt  leads  through  a  special  designed  metering  cab- 
inet. This  cabinet  contains  the  series  and  potential 
transformers,  the  wattmeter  and  usually  an  automatic 
oil  circuit  breaker.  If  special  apparatus,  such  as  curve 
drawing  wattmeters,  printometers  and  time  switches,  are 
required,  allowances  can  easily  be  made  for  these. 

The  leads  are  taken  in  and  out  of  the  box  in  a  very 
similar  manner  to  that  used  with  distributing  trans- 
formers. The  cabinet  can  be  arranged  with  a  glass  win- 
dow in  the  door,  so  that  the  meter  can  be  read  without 
opening  the  door.  The  interior  arrangement  of  a  typ- 
ical metering  house  is  shown  in  Fig.  i.  The  line  comes 
in  on  the  left,  passes  through  the  series  transformers, 
down  through  the  oil  circuit  breaker  and  up  on  the 
other  side,  passing  out  through  bushings  of  the  same 


type  as  those  through  which  it  came  in.  \'arious  other 
types  of  cabinets  are  shown  in  the  illustrations,  which 
indicate  v«ry  distinctly  the  method  of  handling  the  in- 
coming and  outgoing  lines,  and  also  show  the  watt- 
meter through  the  glass  cover  on  the  door. 

The  potential  transformers  are  tapped  to  their  proper 
lines  through  fuses.  These  fuses  should  be  so  located 
that  they  are  readily  accessible  for  renewal  and  at  the 


FIG.   2 — CURRENT  AND   VOLTAGE  TRANSFORMERS    MOUNTED 
IN   ONE   CASE 

For  metering  on  the  high-voltage  side  of  a  substation.     The 

tank  (not  shown)  contains  two  potential  and  two  series 

transformers,  immersed  in  oil. 

same  time  are  far  enough  removed  so  that  they  offer  no 
menace  to  inspection.  The  bottom  of  the  case  should  be 
removable,  allowing  the  oil  switch  tank  to  be  dropped 
down  for  inspection.  The  house  can  be  arranged  for 
mounting  on  a  steel  or  wood  framework  and  the  door 
locked. 

Where  it  is  necessary  to  meter  these  stations  on  the 
high-voltage  side,  more  elaborate  apparatus  is  required. 
The  usual  arrangement  is  that  illustrated  in  Fig.  2, 
in  which  two  potential  and  two  series  transformers 
are  placed  in  the  same  tank  with  oil  insulation.  The 
leads  are  brought  in  at  the  top  through  regular  trans- 
former terminals  and  bushings.  The  wattmeter  is 
mounted  in  a  receptacle  on  the  side  of  the  apparatus, 
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where  it  is  thoroughly  housed  in,  and  connections  can 
be  made  to  it  very  readily,  as  the  apparatus  is  designed 
for  this  particular  purpose. 

This  apparatus  has  worked  out  very  satisfactorily  in 
a  good  many  instances,  although  it  has  the  defect  of 


SOME  TYPICAL   EXAMPLES 

In  Fig.  3  is  shown  an  outdoor  substation  on  the 
44  000  volt  lines  of  the  V'irginia  Power  Company  serv- 
ing a  coal  mine  load.  The  horn  gap  switching  and  pro- 
tective apparatus  is  mounted  on  the  top  of  the  steel 
structure,   and    transformers   are   carried    on    the    plat- 


The 


FIG.    3 — 44  000    VOLT    OUTDOOR    SUBST.\TION 

lass  window  in  the  door  permits  reading  the  meter  with- 


out gaining  access  to  the  apparatus  in  the  meter  box. 
having  all  the  eggs  in  one  basket.  The  clearances  be- 
tween phases  should  be  a  minimum  to  prevent  the  ap- 
paratus from  becoming  too  large  and  cumbersome. 

The  design  of  a  steel  structure  and  the  arrangement 
of  bus-bars  and  switching  and  protective  apparatus  for 


FIG.    4 — T\  ric    M     .|-|iii«i    \(i|.T    SUBSI.\TI0N 

form  about  two  feet  above  ground  level.  The  second- 
ary bus  lines  are  carried  above  the  transformers  and 
into  the  metering  cabinet,  mounted  on  the  end  of  the 
structure,  and  the  outgoing  lines  are  connected  through 
hook-type  disconnecting  switches.  This  cabinet  is  ar- 
ranged with  a  window  through  which  the  meter  may 
he  read. 


I'IG.    5 — OUTDOOR    TIE-IN    SUBSTATION    AT   ELLWOOD   CIT^' 


any  station  should  be  determined  by  the  present  and 
possibly  future  requirements  of  the  station.  Though 
these  requirements  often  vary  widely,  the  design  and 
building  of  such  stations  is  no  longer  considered  as  spe- 
cial or  unusual  work. 


The  substation  shown  in  Fig.  4  is  in  service  on  the 
44000  volt  lines  of  the  Evansville  Public  Service  Com- 
pany near  Evansville,  Ind.  The  transformers  are 
mounted  on  a  concrete  mat  under  the  tower  and  are 
protected  by  horn-gap  switches,  fuses  and  an  electrolytic 
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FIG.  0 — DKTAII.   VIEW  OK   SUBSTATION    SHOWN   IX    FIG.   5 

The  current  transformers  are  suspended  below  the  upper 
truss  and  are  connected  around  a  strain  insulator,  thereby  eHm- 
inating  any  mechanical  stresses  on  the  terminals. 


lightning'  arrester.  The  secondary  circuit  from  the 
transformers  is  carried  through  a  switch  and  metering 
cabinet  such  as  shown  in  Fig.  i.  The  simple  and  com- 
pact design  of  this  complete  station  is  typical  of  a 
modern  outdoor  substation. 

The  large  station  shown  in  Fig.  5  is  an  important 
link  in  the  system  of  power  distribution,  built  to  meet 
the  increased  demands  for  electrical  power  in  large 
quantities,  which  has  come  with  a  bounding  forward  of 
industrial  enterprises  in  the  Mahoning  and  Shenango 
valleys.  It  is  installed  at  the  plant  of  the  Pennsylvania 
Power  Company  at  Ellwood  City  and  ties  in  with  the 
extensive  system  of  the  Mahoning  &  Shenango  Railway 
&  Light  Company.  All  of  the  equipment  at  this  station, 
which  occupies  a  space  of  150  by  180  feet,  is  mounted 
outdoors,  and  practically  all  of  the  apparatus  is  of 
standard  design.  A  partial  view  of  this  station.  Fig.  6, 
shows  suspended-type  current  transformers  for  22  000 
volts,  which  is  a  detail  recently  developed. 

The  evolution  of  the  outdoor  substation  has  pro- 
ceeded as  a  direct  and  natural  outcome  of  the  apprecia- 
tion of  the  benefits  and  attractions  afforded  by  the  ap- 
plication of  electricity  to  industrial  and  mining  opera- 
tions. Utility,  economy  and  safety  have  all  combined  to 
bring  about  the  development  of  the  complete  and  sub- 
stantial apparatus  which  can  be  had  for  this  kind  of 
service. 


Speed  Regulation  of  Adjustable  Speed  Motors 


H.  L.  Smith 

Industrial  Engineering  Dept., 

Westinghouse  Electric  &  Mfg.  Company 


ELECTRIC  motor  drive  has  proven  so  successful  in 
industrial  plants  that  many  manufacturers  of  in- 
dustrial machinery,  especially  in  the  machine  tool 
trade,  are  regularly  incorporating  the  driving  motor  as 
an  integral  part  of  the  machine.  Where  direct  current 
is  available  the  shunt  motor  is  well  adapted  for  this  ser- 
vice, as  the  ease  with  which  the  speed  and  direction  of 
rotation  may  be  changed  with  this  type  of  motor  often 
make  it  possible  to  simplify  the  mechanical  construc- 
tion of  the  tool  to  a  considerable  extent  by  eliminating 
change  gears  or  pulleys  and  belts.  At  first  sight  shunt 
field  control  seems  very  simple.  Various  limitations 
and  complications  arise,  however,  when  operating  a 
motor  on  a  weak  field  which  make  this  condition  a 
problem  in  itself. 

Motors  for  this  service  generally  have  intermittent 
ratings,  and  all  materials  are  therefore  worked  some- 
what harder  than  is  the  case  with  continuous  rated 
motors.  This  makes  it  possible  to  obtain  a  higher  rating 
for  the  same  cost,  but  at  the  same  time  it  means  that 
great  care  must  be  taken  in  the  design  in  order  to  obtain 
good  characteristics. 

In  any  direct-current  machine  operating  under  load 
the   cross-magnetization   of   the   armature   distorts   the 


main  field  and  shifts  the  electrical  neutral.  It  is  neces- 
sary in  non-commutating  pole  machines  to  shift  the 
brushes  to  a  position  which  will  give  good  average  com- 
mutation at  all  loads.  When  operating  on  a  very  weak 
field  the  neutral  is  shifted  so  far  that  it  is  impossible  to 
lind  a  position  for  the  brushes  that  will  give  good  com- 
mutation over  a  wide  range  of  load. 

The  commutating-pole  motor  offers  a  logical  solu- 
tion to  this  problem,  for  the  commutating  poles  defi- 
nitely determine  the  position  of  the  brushes  for  all 
loads  and  speeds.  They  do  not  prevent  armature  reac- 
tion, but  do  keep  the  neutral  stationary  and  at  the  me- 
chanical center  between  poles  by  the  simple  expediency 
of  balancing  the  cross-magnetization  at  that  point.  This 
is  of  prime  importance  in  any  machine  used  for  re- 
versing service,  for  the  brushes  must  be  on  the  mechan- 
ical neutral  in  order  to  obtain  like  speed  curves  and 
good  commutation  for  both  directions  of  rotation. 

SPEED    REGULATION 

Adjustable  speed  motors  are  almost  invariably  shunt 
wound.  Only  for  very  special  applications  are  com- 
pound-wound machines  used,  and  then  the  speed  range 
is  small. 
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The  speed  of  any  direct-current  motor  depends  upon 
the  impressed  e.m.f..  the  IR  drop  and  the  flux.  This 
relation  is  expressed  simply  as  follows : — 

(E  —  IR)   X  lo" 
RP>"-  =        WsP<PX  60 
Where  E  =  Impressed  e.m.f.   /  =  Armature  current.   R  = 
Resistance    of    armature,    commutating    and    series    coils.     H's 
:=  Conductors  in  series  on  armature.     />  ^  Number  of  main 
poles.     <P  ^=  Useful  flux  issuing  from  one  pole. 

If  it  be  assumed  that  the  e.m.f.  and  flux  are  constant 
the  equation  for  speeds  reduces  to  R.p.ni.  =  K  (E  — 
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FIG.    I — TYPIC.M.    SPEED   REGUL.^TION    CURV^ES 

IR).    This  is  the  equation  of  a  straight  line  and  gives  a 
speed  curve  as  shown  by  Fig.  i. 

This  condition  is  approached  in  the  shunt  motor 
where  the  field  excitation  is  kept  nearly  constant.  In 
practice  the  flux  cannot  be  kept  constant,  since  it  is  more 
or  less  affected  by  the  armature  reaction,  by  local  cur- 
rents in  the  armature  coil  short-circuited  by  the  brush, 
and  by  the  series  coil,  if  one  is  present. 

EFFECT  OF  ARMATURE   REACTION    ON    SPEED 

Under  load,  the  cross  magnetization  of  the  armature 
distorts  the  field  so  that  the  flux  tends  to  bunch  at  one 
pole  tip.  This  saturates  the  teeth  and  tip  in  such  a  man- 
ner that  for  the  same  excitation  there  will  be  less  flux 
than  at  no-load.  The  resulting  decrease  in  flux  tends  to 
counteract  the  effect  of  the  IR  drop,  and  may  in  some 
cases  cause  a  rising  speed  curve.  Usually  the  distortion 
effect  is  greater  than  that  of  the  IR  drop,  so  in  order 
to  keep  a  flat  speed  curve  it  becomes  necessary  to  in- 
crease the  excitation  slightly.  This  is  done  by  the  addi- 
tion of  a  small  series  coil  known  as  the  compensating 
coil.  This  additional  winding  is  not  always  necessary, 
especially  in  small  machines,  where  the  IR  drop  is  rela- 
tively large.  It  is  rarely  possible  to  obtain  a  speed  curve 
that  is  a  straight  line.  Usually  there  is  a  sudden  drop 
from  no  load  to  about  one-quarter  load,  where  it  will 
become  constant  and  remain  so  up  to  one  and  one- 
quarter  load,  where  it  will  again  drop,  as  in  b.  Fig  i. 
This  tendency  to  drop  suddenly  at  light  loads  is  ex- 
plained by  the  fact  that  there  is  very  little  reduction  in 
flux  at  light  load,  and  thus  the  drooping  efifect  of  the  IR 
drop  and  the  compensating  coil  predominate.  At 
heavier  loads  the  distortion  will  very  nearly  counterbal- 
ance the  IR  drop,  thus  giving  nearly  a  flat  speed  curve. 
For  heavy  overloads  the  efifect  of  the  distortion  again 
becomes  less  and  the  curve  will  drop. 


EFFECT  OF  LOCAL   CURRENT    IN    THE  SHORT-CIKCUITED 
ARMATURE  COIL  ON  THE  SPEED 

Great  care  must  be  exercised  in  designing  an  adjust- 
able speed  motor  to  proportion  the  commutating  poles 
so  that  sparkless  commutation  may  be  obtained  under 
all  conditions  of  speed  and  load.  In  a  direct-current 
motor,  good  commutation  depends  upon  the  limiting  of 
the  short-circuit  current  in  the  brush.  This  current  is  a 
function  of  the  reactance  voltage  in  the  short-circuited 
coil.  In  the  case  of  a  commutating-pole  machine  the  re- 
actance voltage  is  very  nearly  balanced  or  neutralized  by 
a  similar  voltage,  generated  by  the  coil  cutting  the  com- 
mutating-pole flux,  which  should  be  of  such  a  value  that 
these  voltages  just  neutralize  at  all  loads  and  speeds. 
Since  the  reactance  voltage  is  a  direct  function  of  the 
armature  current,  it  follows  that  for  exact  compensa- 
tion the  commutating-pole  flux  must  increase  directly 
with  this  current.  The  commutating-pole  excitation  is 
kept  in  direct  proportion  by  connecting  the  coils  in  series 
with  the  armature.  However,  the  flux  will  not  increase 
directly  with  the  excitation  on  account  of  saturation  in 
the  iron  parts  of  the  circuit.  Thus  the  correct  amount 
of  flux  cannot  be  obtained  for  all  loads.  In  a  well- 
designed  machine  all  parts  of  the  commutating-pole 
circuit  are  kept  as  free  from  saturation  as  possible  so  as 
to  limit  this  condition.  Fig.  2  shows  the  usual  relation ; 
the  straight  line  a  represents  the  flux  required  for  exact 
compensation  at  the  various  loads,  while  curve  b  shows 
the  actual  commutating-pole  flux  obtained.  In  order  to 
keep  the  flux  always  as  nearly  as  possible  at  the  correct 
value  it  is  necessary  to:- allow  more  than  is  needed  at 
light  loads,  while  at  heavy  loads  there  will  not  be  quite 
enough.  This  gives  an  over-compensated  condition  for 
light  loads,  and  an  under-compensated  condition  for 
heavy  loads,  so  that  there  will  always  be  a  certain 
amount  of  unneutralized  reactance  voltage  at  all  loads 
except  at  the  point  where  the  two  curves  cross.  For- 
tunately, in  a  well-designed  motor  this  voltage  differ- 


FIG.   2 — TYPICAL   COMMVT.\TIXG-POLE   S.\TUR-\TIOX    CURVES 

ence  over  the  required  range  of  load  is  so  small  that  the 
high  resistance  of  the  carbon  brushes  will  limit  the  short- 
circuit  current  enough  to  insure  good  commutation. 

The  conditions  as  stated  above  apply  directly  to  both 
constant-speed  motors  and  adjustable-speed  motors  at 
low  speed.  Another  factor  enters  when  an  adjustable- 
speed  motor  operates  on  a  weak  field.  At  low  speed 
and  a  strong  main  field  the  yoke  is  saturated  more  or 
less,  while  at  the  higher  speeds  and  a  weak  field  this 


424 


THE    ELECTRIC   JOURNAL 


saturation  is  not  present.  Since  the  flux  from  both  the 
main  poles  and  conimutating  poles  is  carried  by  the 
yoke,  it  is  evident  that  any  change  in  one  will  affect  the 
other.  This  condition  at  high  speed  is  expressed  by  the 
dotted  curve  c,  Fig.  2.  Usually  the  commutating-pole 
saturation  curve  will  be  higher  at  high  speed  than  at 
low  speed,  as  shown,  although  in  some  cases  the  reverse 
is  true  where  there  is  saturation  in  the  commutating 
pole  itself. 

The  commutating-pole  excitation  is  constant  for  the 
same  current  regardless  of  the  speed.  At  high  speed 
the  main  pole  is  free  from  saturation  and  there  is  con- 
siderable commutating-pole  leakage  flux.  At  low  speed, 
and  with  a  highly  saturated  main  pole  as  part  of  the 
leakage  circuit,  the  leakage  will  be  noticeably  less.  This 
difference  in  leakage  flux  at  the  various  speeds  often  de- 
termines the  saturation  of  the  commutating  pole.  The 
increased  saturation  in  the  commutating  pole  itself  at 
high  speeds  may  more  than  oft'set  the  decrease  in  sat- 
uration in  the  yoke. 

If  the  commutating  coil  be  so  proportioned  as  to 
give  a  condition  of  flux  suitable  for  low  speed,  as  in 
curve  b,  the  high-speed  relation  c  will  give  an  over- 
compensation at  all  loads.  Since  the  reactance  voltage 
is  also  a  direct  function  of  the  frequency  this  over- 
compensation may  cause  sparking.  This  explains  whv 
it  is  not  good  practice  to  use  motors  designed  for  con- 
stant speed,  over  very  wide  ranges  of  adjustment,  un- 
less the  characteristics  are  known. 

Motors  designed  for  adjustable  speed  have  the  com- 
mutating coils  adjusted  so  as  to  give  the  best  compen- 
sation at  high  speed.  At  lower  speeds  they  will  be 
slightly  under-compensated,  but  usually  not  enough  to 
affect  commutation,  on  account  of  the  low  frequency.  It 
is  important  that  the  commutating  coil  be  adjusted  as 
closely  as  possible,  so  that  there  be  no  more  short- 
circuit  current  than  is  absolutely  necessary.  Even 
though  the  commutation  may  be  excellent,  the  short- 
circuit  current  in  the  armature  coils  may  be  sufficient  to 
change  the  shape  of  the  speed  curves  at  the  high  speed. 
The  explanation  of  this  is  as  follows : — • 

The  complete  magnetic  circuit  of  a  commutating- 
pole  motor  is  shown  in  Fig.  3.  Consider,  first,  that  the 
commutating  pole  is  too  strong,  giving  an  over-compen- 
sated condition,  that  is,  the  e.m.f.  generated  in  coil  a  by 
its  cuttmg  the  commutating-pole  flux  is  greater  than 
the  reactance  voltage.  This  will  cause  the  current  to 
flow  around  the  coil  and  through  the  brush,  as  indicated 
by  the  arrows.  An  inspection  of  the  figure  will  show 
that  this  coil  encircles  the  path  of  the  main  flux  in  the 
same  way  as  do  the  shunt  and  series  coils.  Thus  it  will 
either  add  to  or  subtract  from  the  total  excitation  of  the 
circuit.  Over-compensation  causes  a  demagnetization 
of  the  field  or  a  differential  compounding  effect,  while 
the  reverse  is  true  for  under-compensation.  The  action 
of  the  commutating  pole,  as  explained  above,  is  rarely 
noticeable  at  low  speed,  but  may  be  quite  a  factor  at 
high  speed.  The  excitation  of  the  armature  coil  will  be 
present,  more  or  less,  at  all  speeds,  but  it  will  not  pro- 


duce much  eft'ect  on  the  flux  where  the  iron  is  highly 
saturated,  as  is  the  case  at  low  speed.  The  conditions  arc 
much  different,  however,  at  high  speed  and  a  weak  field. 
The  iron  is  worked  so  low  that  there  is  practically  noth- 
ing but  the  air-gap  ampere-turns  present.  This  makes  the 
flux  very  sensitive  to  any  changes  in  excitation  ;  also  the 
total  excitation  required  is  so  small  that  the  short-circuit 
ampere-turns  may  form  an  appreciable  percentage. 
Practice  has  shown  that,  although  a  motor  may  not  be 
over-compensated  enough  to  cause  sparking,  the  speed 
regulation  may  be  changed  from  10  to  15  percent, 
often  resulting  in  a  rising  speed  curve.  Thus,  as 
previously  stated,  the  motor  should  be  designed  for 
the  high-speed  operation.  Even  when  the  commutating 
coil  is  adjusted  for  the  best  average  conditions  at  high 
speed,  the  eft'ect  of  the  short-circuit  current  will  still  be 
noticeable  and  will  show  up  in  the  shape  of  the  curves. 
At  light  loads  with  over-compensation,  as  at  b.  Fig.  2, 
the  speed  will  be  increased  slightly,  while  for  heavy 
loads  it  will  drop.  The  action  of  the  commutating  pole 
will  thus  tend  to  make  the  speed  curve  from  no  load  to 
full  load  more  nearly  a  straight  line,  but  will  cause  it  to 
drop  more  at  heavy  loads.  The  dotted  curve  c,  Fig.  i, 
.shows  tlie  final  curve  as  obtained  after  taking  account 


FIG.  3 — SCHEMATIC  I)I.\CR.\M   OF  P.\THS  OF  COMMUT.ATING-POLE  FLUX 

of  all  four  factors, — IR  drop,  distortion,  local  currents, 
and  compensating  coil  excitation. 

It  should  be  borne  in  mind,  when  asking  for  guaran- 
tees on  speed  regulation,  that  the  greatest  drop  in  speed 
occurs  from  no  load  to  one-quarter  load.  Usually  the 
friction  of  the  driven  machine  is  great  enough  to  bring 
the  speed  down  to  the  flat  part  of  the  curve,  so  that  for 
the  actual  working  range  the  regulation  will  be  very 
close. 

COMPOUND-WOUND    MOTORS    FOR    ADJUSTABLE    SPEED 

The  difficulty  in  designing  compound-wound  motors 
for  adjustable  speed  lies  in  the  fact  that  it  is  impossible 
lo  obtain  the  same  regulation  at  all  speeds.  At  the  low 
speed  the  field  is  worked  above  the  knee  of  the  satura- 
tion curve,  and  a  strong  series  coil  is  required  to  obtain 
the  full-load  flux.  At  high  speed  the  field  is  worked 
very  low  and  the  same  series  coil  will  give  a  great  deal 
more  flux  than  is  wanted.  A  machine  having  20  per- 
cent speed  regulation  at  low  speed  may  be  expected  to 
have  at  least  40  or  50  percent  at  double  speed.  It  is 
plainly  evident  that  only  small  ranges  of  adjustment  can 
be  obtained,  for  otherwise  the  no-load  speed  will  rise 
above  the  safe  mechanical  limit  of  the  armature. 


Some  Features  of  Commutating-Pole  Railway 

Motor  Construction 


F.  W.  McCi,osKEY 

Railway  Engineering  Dept., 
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CERTAIN  features  of  the  design  of  the  modern 
street  car  motor  depend  directly  on  the  design  of 
the  car.  Size  of  wheels,  length  of  wheel  base, 
position  of  brake  rods,  etc.,  are  frequently  the  deciding 
factors  in  the  selection  of  armature  diameter  or  type  of 
field  windings.  Other  important  design  features  of  the 
motor  may  also  be  affected. 

The  use  of  small  wheels  has  introduced  new  prob- 
lems in  motor  construction  which  have  had  to  be  met  by 
rearranging  and  proportioning  the  material  to  the  best 
advantage  to  suit  the  new  conditions.  One  of  the  first 
problems  confronting  the  designer  is  to  overcome  the 
handicap  of  shorter  gear  center  distance  which  naturally 
goes  with  small-wheel  diameter.  One  way  of  doing  this 
is  to  omit  the  commutating  pole  located  on  the  axle  side 
of  the  motor  and  proportion  the  remaining  commu- 
tating poles  so  that  they  will  produce  the  same  effect 
with  regard  to  commutation  as  would  be  obtained  ordi- 
narily with  the  full  number  of  poles. 

The  conditions  leading  to  this  design  can  better  be 
shown,  perhaps,  if  the  relations  which  exist  between 
wheel  size,  gear  reduction,  tractive  effort  developed  by 
the  driving  wheels,  and  power  drawn  from  the  line,  are 
reviewed. 

Mechanical  Considerations — In  city  service,  where 
economy  of  power  requires  that  the  accelerating  current 
be  as  low  as  possible,  it  is  desirable  in  most  cases 
to  use  the  maximum  gear  reduction  possible,  as  this 
gives  the  maximum  tractive  effort  at  the  wheel  peri- 
phery for  any  given  motor  torque,  and  consequently  for 
any  given  amount  of  power  drawn  from  the  line. 
Therefore,  it  is  desirable  to  use  as  small  a  pinion  as  is 
consistent  with  the  required  strength  under  the  teeth  : 
and  as  large  a  gear  as  will  permit  proper  clearance  be- 
neath the  gear  case.  A  reduction  in  wheel  diameter  re- 
quires a  corresponding  decrease  in  the  diameter  and 
number  of  teeth  of  the  gear  to  maintain  sufficient  clear- 
ance beneath  the  gear  case.  Using  a  minimum  sized 
pinion,  as  before,  to  maintain  maximum  reduction,  this 
decrease  of  gear  diameter  results  in  a  shortening  of  the 
gear  center  distance,  which  means  bringing  the  center 
of  the  armature  closer  to  the  center  of  the  axle.  This, 
in  turn,  results  in  a  restriction  of  space  in  the  axle  region 
and  a  difficulty  in  obtaining  room  for  the  field  winding. 
Omitting  the  commutating  pole  on  the  axle  side  per- 
mits the  armature  to  be  brought  nearer  the  axle.  If, 
however,  only  one  pole  is  omitted,  an  unbalanced  mag- 
netic pull  results,  which  in  most  cases  can  be  obviated 
best  by  omitting  the  opposite  pole  as  well. 


Electrical  Considerations — In  a  machine  having  four 
commutating  poles  and  four  exciting  poles  about  70  per- 
cent of  the  turns  on  the  commutating  poles  serve  to  sim- 
ply neutralize  the  magnetomotive  force  of  the  armature. 
The  remaining  30  percent  are  for  the  purpose  of  produc- 
ing sufficient  field  in  the  commutating  zone  to  neutralize 
the  sparking  voltage  in  the  short-circuited  coils.  There- 
fore, in  omitting,  say,  two  of  the  commutating  poles,  it  is 
necessary  only  to  add  to  the  two  remaining  poles  the 
magnetizing  turns,  or  about  30  percent  of  the  turns  of 
the  poles  omitted.*  In  actual  practice  it  is  necessary  to 
add  a  little  more  than  30  percent  and  also  to  somew-hat 
lengthen  the  commutating  poles  axially  to  take  care  of 
saturation,  etc.,  but  a  considerable  net  saving  in  copper 
and  iron  is  secured.  Efficient  designs,  using  half  as 
many  commutating  poles  as  main  poles,  may  be  worked 
out  for  motor  sizes  up  to  about  50  horse-power.  Above 
this  size  the  commutating  poles  are  apt  to  become  bulky 
and  cumbersome,  thus  involving  complication  from  the 
standpoint  both  of  heating  and  manufacture.  This  de- 
sign, besides  saving  in  space,  has  an  advantage  in  re- 
duced weight,  copper  loss  and  less  likelihood  of  grounds 
because  of  there  being  fewer  coils  to  ground. 

Magnetic  Considerations — It  is  common  practice  to 
think  of  the  action  of  the  commutating  poles  as  being 
independent  of  the  main  poles.  This  is  true  only 
in  the  case  of  machines  having  the  same  number  of  com- 
mutating poles  as  main  poles  and  when  the  windings  on 
the  latter  are  symmetrical,  that  is,  when  each  pole  has 
the  same  number  of  turns.  This  assumption,  however, 
would  lead  to  very  erroneous  results  in  the  case  of  ma- 
chines in  which  the  number  of  commutating  poles  is  dif- 
ferent from  the  nimiber  of  main  poles,  or  when  the  num- 
ber of  turns  on  the  main  poles  is  not  the  same  for  each 
pole,  as  will  be  shown  in  the  following  analysis.  To 
shorten  the  analysis,  one  case  only,  rather  than  a  gen- 
eral case,  will  be  considered,  viz.,  a  four-pole  motor 
having  two  commutating  poles.  The  magnetic  flux  is 
distributed  as  in  Eig.  i. 

A  physical  conception  of  the  magnetic  relations  in- 
volved may  be  had  by  considering  the  analogy  of  the 
electric  circuit  as  shown  in  Fig.  2.  If  the  voltage  of 
battery  A  and  C  be  kept  constant  and  that  of  B  raised 
by  the  addition  of  cells  the  latter  will  supply  more  cur- 
rent to  C  than  before  and  A  will  supply  less.  So,  also, 
with  the  magnetic  circuit  shown.  If,  for  instance,  the 
strength  of  commutating  pole  2  be  increased,  that  of 

*See  "Two  Commutating  Poles  on  Four-Pole  Motors,"  in 
the  Journal  for  June,  1915,  p.  290. 
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main  pole  j  will  be  also  increased,  and  that  of  main  pole 
I  will  be  decreased. 

Perhaps  a  clearer  physical  conception  of  the  influ- 
ence of  the  main  and  commutating  poles  upon  each  other 
may  be  obtained  by  considering  the  flux  produced  by 
each  independent  of  the  other.    Then  by  superimposing 


FIG.    I — DISTRIBUTION    OF    MAGNETIC    FLUX    IN    A    FOUR-POLE    MOTOR 
HAVING  TWO   COMMUTATING  POLES 

Full  lines  represent  balanced  fluxes. 
Dotted  lines  represent  superimposed  unbalanced  fluxes. 

the  two  upon  each  other  the  actual  distribution  may  be 
obtained.  On  this  basis,  the  flux  produced  by  the 
ampere-turns  on  commutating  pole  2  (Fig.  i)  has  two 
return  paths  in  parallel  through  main  poles  i  and  J. 
Similarly  the  return  paths  for  pole  5  are  through  poles 
4  and  6.  Neglecting  effect  of  saturation,  the  total  re- 
luctance corresponding  to  flux  F.,  is  that  of  the  com- 
mutating pole  gap  plus  the  resultant  reluctance  of  the 
parallel  paths  through  i  and  5.  Since  the  reluctance  of 
the  two  parallel  paths  is  equal,  the  flux  in  these  two 
paths  due  to  the  ampere-turns  in  the  commutating  pole 
only,  must  also  be  equal.  The  flux  in  pole  /,  due  to  the 
commutating  pole,  is  opposed  to  that  produced  by  the 
ampere-turns  T  on  pole  i,  and  the  flux  F^  is,  there- 
fore, equal  to  the  difference  of  the  flux  produced  in  this 
pole  by  ampere-turns  T  only  and  the  flux  produced  in 
this  pole  by  ampere-turns  T.,  only.  Similarly,  flux  F3 
in  pole  5  is  equal  to  the  sum  of  the  separate  fluxes  pro- 
duced in  this  pole  by  ampere-turns  T  and  ampere- 
turns  T^.* 


i+ 


FIG.  2 — ELECTRIC  CIRCUIT  ANALOGY  TO  MAGNETIC  FLUX  OF  FIG.   I 

With  low  saturation  in  the  iron  parts  of  the  circuit 
the  strengthening  effect  of  the  commutating  pole  upon 
one  main  pole  is  offset  by  its  weakening  effect  upon  the 
other,  and  the  relative  effect  upon  the  speed  of  the 
machine  is  nil.  With  fairly  high  inductions,  however, 
on  account  of  the  saturation  characteristics  of  the  iron, 
the  strengthening  effect  on  pole  5  will  be  less  than  the 


corresponding  weakening  on  pole  J,  which  will  result  in 
a  net  reduction  in  the  main  flux  and  a  corresponding  in- 
crease in  speed.  Usually  the  extent  of  this  increase  is 
not  serious,  although  it  is  quite  appreciable. 

It  is  of  interest  to  note  the  distribution  of  flux  in  the 
different  portions  of  the  frame,  as  compared  with  that 
of  a  non-commutating  pole  machine.  It  is  obvious  that 
between  poles  j  and  4  the  flux  will  be  the  same.  Between 
2  and  5  the  total  flux  carried  by  the  frame  is  greater 
than  on  non-commutating  machines  by  one-half  of  the 
commutating  pole  flux.  Between  i  and  2  it  is  less  by 
one-half  of  the  commutating  pole  flux.  It  therefore 
follows  that  the  frame  may  be  made  of  smaller  section 
between  j  and  4  than  between  /  and  ^  or  .?  and  5.  The 
latter  two  sections  will,  however,  be  made  the  same,  be- 
cause with  reversal  of  direction  of  rotation  the  condi- 
tion between  /  and  2  will  be  the  same  as  shown  be- 
tween 2  and  5  in  the  diagram. 

MOTORS    FOR    ELEVATED    .\ND    SUBWAY    CARS 

In  the  design  of  railway  motors  of  about  150  horse- 
power and  up.  such  as  are  used  in  elevated  and  suburban 
service,  as  a  rule  the  motor  space  is  not  as  restricted 
as  in  the  case  of  surface  cars.  However,  cases  occa- 
.^ionally  arise  where  the  gear  center  distance  must  be 
made  shorter  than  normally  would  be  required. 

Mechanical  Cotisiderations — The  conditions  here  in- 
volved are  different  from  those  in  the  smaller  motors 
for  surface  cars,  in  that  it  is  customary  to  have  a  main 
pole  at  the  axle  instead  of  a  commutating  pole.  It  will 
not  be  within  the  scope  of  this  article  to  discuss  at  length 
the  various  advantages  of  having  this  arrangement  on 
the  larger  motors.  One  advantage  may  be  mentioned, 
namely,  that  the  brushes  and  brushholders  are  more 
readily  accessible,  inspection  being  made  usually  from 
underneath  the  car  instead  of  through  a  trap  in  the 
floor  of  the  car.  as  is  the  case  generally  with  street  cars. 

♦Supplementing  the  above  physical  conception  of  the  relation 
existing  between  the  main  and  commutating  poles,  a  mathematical 
analysis  may  be  made  as  follows: — 

In  Fig.  I  let 

T     =  Ampere-turns  on  main  poles  Nos.  i  and  3. 

7"2    =  Ampere-turns  on  commutating  pole  No.  2, 

F\     =Flu.x  in  Pole  No.  i. 

Fj     =Flux  in  pole  No.  2, 

Fi     =Flux  in  pole  Xo.  3. 

R      =  Reluctance  of  the  air-gap  in  the  main  poles  (\os.  i  and  3), 

KR  =  Reluctance  of  the  air-gap  under  the  commutating  pole  (No. 
2),  where  K  is  a  constant  approximately  equal  to  the  area 
of  the  main  gap  divided  by  that  of  the  commutating  pole 
air-gap. 

Then,  applying  the  law  of  magnetic  potentials.  \nz;  that  algebraic 
sum  of  magnetomotive  forces  in  any  circuit  must  equal  algebraic  sum 
of  magnetic  drops. 

For  the  circuit  through  poles  /  and  2.  KiT  —KiTi  =  RFx  —  KRF^..  .  (i) 
For  the  circuit  through  poles  2  and  3.  KiT^+KiT  =RF3+KRFi.  .(2) 
For  the  circuit  through  poles  3  and  /.  AT    +KiT  =RFi+     RF,.  .  (3) 

Where  K\   =    ^ 

Also       f  1    +F.,  =  F, (4) 

The  solution  of  these  equations  being  somewhat  lengthy  will  be 
omitted  here,  but  the  results  are  as  follows: — 

=  _i^ir^ (  ) 

F.  =  €iI__^iZi_=   ^iZ:_£: (6) 

R  Rd  +  ^K)  R  2 

K^  K.T.,        ^    K^       F^ 

R    ^  R0  +  2K)  R  2 
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The  location  of  the  main  pole  at  the  axle  requires  that 
the  brushholders  be  rotated  from  the  45  degree  lines, 
bringing  them  nearer  the  axle,  where  they  are  more 
readily  inspected. 

Shortening  the  gear  center  distance  results  in  a  re- 
duction of  the  space  for  the  main  field  winding  at  the 
axle  side.  This  condition  may  be  overcome  by  propor- 
tioning the  exciting  coil  at  the  axle  side  with  as  many 
turns  as  the  restricted  space  will  permit,  and  designing 
the  top  and  bottom  coils  with  a  greater  number  of  turns, 
such  that  the  sum  of  the  ampere-turns  on  the  side  and 
top  coils  will  be  sufficient  to  produce  the  required  flux. 
The  coil  on  the  other  side  of  the  motor  opposite  the  axle 
should,  of  course,  have  the  same  number  of  turns  as  that 
on  the  axle  side. 

It  is  of  interest  to  note  that  in  the  above  method  of 
winding,  the  design  of  the  commutating  poles  is  some- 
what influenced  by  the  number  of  turns  on  the  main 
field  coils.  With  the  same  number  of  turns  on  all  main 
poles  the  design  of  the  commutating  poles  would  be 
practically  independent  of  that  of  the  exciting  coils. 

Magnetic  Consideration — The  distribution  of  flux  in 
the  various  circuits  is  shown  in  Fig.  3.*  Here  again  a 
physical  conception  of  the  conditions  involved  may  be 
had  by  considering  that  the  main  coils  of  poles  j  and  7 
are  made  up  of  two  sections,  one  section  having  the 
same  number  of  ampere-turns  as  poles  i  and  5,  and  the 
other  having  the  difference  between  the  turns  of  these 
poles  (T.,,  —  r,).  This  results  in  a  machine  in  which 
the  flux  is  produced  by  balanced  windings  from  both 
main  and  commutating  poles,  superimposed  upon  which 
is  a  flux  due  to  T^  —  T^  turns  on  poles  j  and  7.  Bv 
calculating  these  fluxes  as  independently  and  superim- 
posing one  upon  the  other  the  actual  flux  distribution 
mav  be  determined. 


*The  relation  between  these  flu.\es  may  be  determined  mathemat- 
ically as  follows; — 

T     =  No.  of  ampere  turns  on  main  poles  at  side  of  motor, 

T2    =  No.  of  ampere  turns  on  main  poles  at  top  and  bottom  of 
motor, 

Ti     =  No.  of  magnetizing  ampere  turns  on  each  commutating  pole, 

R      =  Magnetic  reluctance  of  main  pole  gaps. 

KR  =  Reluctance  of  commutating  pole  gaps, 

Fi     =  Flux  in  side  main  poles.  /  and  5, 

F3     =  Flux  in  top  and  bottom  main  poles,  3  and  7. 

F2     =  Flux  in  commutating  poles.  2  and  6, 

F^     =Flux  in  commutating  poles.  4  and  c?. 

The  total  positive  flux  including  main  and  commutating,  must 
equal  the  total  negative  flux.     Therefore: — 

Fi  +  F,  =  F2  +  F, (I) 

Applying  the  law  of  magnetic  potentials  before  mentioned  and 
again  assuming  non-suturated  circuits,  the  following  equation  is  ob- 
tained. 

For  circuit  through  poles  i  and  j.  KiTi  +  K1T3  =  FiR  +  F3R.  (2) 
4ir 

where.  Ki   =  — • 
10 

For  poles  Nos.  2  and  3  K1T2  -  K1T3  =  KF-iR  -  F3R (3) 

For  poles  Nos.  3  and  4  K1T2  +  K1T3  =  KFfR  +  F3R (4) 

Solving  these  equations  we  obtain  the  following: 

p     ^   jv'i  (T,  +  T3)    _    Ki  (T3-T1) 

'  2R  2i?  (/  -f-  A') ^^' 

K^^TVfT^)    +   A-.  (Ta-r.) 

2R  jR  (I  +  K) 

KR  2R  (I  +  K) 

K^.  +  K.  (r^-r.) 

KR  2R  {I  +  K) 


\\  ith  the  same  number  of  commutating  poles  as  main 
poles,  as  shown  in  Fig.  3,  and  with  balanced  windings, 
the  effect  of  the  commutating  poles  upon  the  main  poles, 
and  vice  versa,  is  nil,  because  the  effects  are  all  equal 
and  balanced  one  against  the  other.  With  unsaturated 
circuits  the  flu.x  in  main  poles  may  be  calculated  as  if  the 
commutating  poles  did  not  exist,  and  vice  versa. 

Considering  now  the  machine  as  if  there  were  no 
windings  except  T3  —  T-^  ampere-turns  upon  poles  j  and 
7.  The  flux  in  pole  j  has  return  paths  in  parallel  through 
poles  2  and  4  and  through  one-half  of  poles  i  and  5. 
Thus  the  total  reluctance  against  the  flux  in  pole  5  is 
that  of  the  air-gap  under  pole  j  in  series  with  the 
parallel  paths  2,  4,  one-half  of  /,  and  one-half  of  5,  and 
the  flux  is  distributed  between  these  air-gaps  inversely 
in  proportion  to  their  respective  reluctances. 

The  following  deductions  are  obvious  from  the  dia- 
gram : — First,  the  flux  in  main  poles  J  and  7  exceeds 
that  in  main  poles  /  and  5  by  an  amount  equal  to  twice 
the  flux  induced  in  each  of  the  commutating  poles  by 
the  unbalanced  magnetomotive  force  due  to  T^  —  7"i 
turns   on   poles   j   and   7.      Second,   the    flux   in   com- 
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KIG.   3 — DISTRIBUTION   OF  THE   MAGNETIC  FLUX  OF  A   MOTOR   HAVING 
FOUR   MAIN  AND  FOUR  COMMUTATING  POLES 

Full  lines  represent  balanced  fluxes. 

Dotted  lines  represent  superimposed  unbalanced  fluxes, 
mutating  pole  2  is  weakened  and  that  in  commutating 
pole  4  is  strengthened  by  the  flux  induced  in  them  by 
T3  —  Ti-  These  two  statements  are  equivalent  to  say- 
ing that  the  magnetic  unbalance  is  proportional  to  the 
dift'erence  in  the  number  of  turns  on  the  main  poles. 
Third,  if  the  unbalancing  of  the  main  field  turns  is  car- 
ried so  far  as  to  make  the  flux  induced  in  pole  2  by  the 
ampere-turns  T^  —  T^  equal  or  exceed  that  induced  in 
this  pole  by  T,,  the  flux  in  commutating  poles  2  and  6 
will  be  completely  neutralized  or  even  reversed. 

These  statements  are  all  based  on  the  assumption  of 
unsaturated  magnetic  circuits.  When  the  magnetic  cir- 
cuits are  partly  saturated,  the  difference  between  flux 
in  poles  /  and  3,  and  also  in  poles  2  and  4  will  be  re- 
duced. In  other  words,  the  weakening  of  poles  2  and  6 
is  greater  than  the  strengthening  of  poles  4  and  8,  with  a 
lesultant  weakening  of  total  commutating  flux.  This  can 
be  compensated  for  by  additional  turns  on  the  commu- 
tating poles  or  by  more  liberal  design  in  other  respects. 


The  Circle  Diagram  for  Single-Phase  Circuits 


Charles  Fortescue 


THE  problem  of  determining  the  potential  drop 
over  a  single-phase  transmission  line,  transformer 
or  other  single-phase  circuit  which  is  delivering  a 
given  kilowatt  load  is  complicated  by  the  fact  that  the 
current  which  is  necessary  to  carry  the  given  load  varies 
with  the  potential  drop  and  the  power- factor,  each  of 
which  is  varied  in  turn  by  a  change  in  the  current.  The 
potential  drop  or  terminal  voltage  for  any  given  condi- 
tion can,  of  course,  be  calculated.  However,  the  calcu- 
lation is  complicated  and,  where  voltage  drops  under 
varying  conditions  are  to  be  deter- 
mined, is  laborious. 

The  circle  diagram  for  the  deter- 
mination of  delivered  potentials  for 
any  given  current  at  any  desired 
power-factor  has  been  previously  de- 
scribed.*  By 
means  o  f  addi- 
tional arcs  drawn 
on  this  diagram  it 
is  possible  to  de- 
t  e  r  m  i  n  e  at  a 
glance  the  termi- 
nal voltage  a  n  d 
current  which  will 
deliver  a  given 
load  in  kilowatts 
at  the  end  of  a 
given  single-phase 
transmission  line 
or  at  the  terminals 
of  a  transformer 
o  r  other  appar- 
atus having  both 
a  reactive  and  re- 
sistance drop. 

As  a  typical  e.xample  of  the  construction  and  appli- 
cation of  such  a  diagram,  a  single-phase  transmission 
line  1 6  miles  long  will  be  assumed,  consisting  of  two  No. 
OOGO  wires  spaced  i8  inches  apart.  \  constant  poten- 
tial of  II  ooo  volts  will  be  impressed  on  the  end  of  this 
line.  Such  a  line  will  have  a  resistance  of  O.518  ohms 
per  mile  and  a  reactance  of  1.12  ohms  per  mile,  giving 
an  impedance  of  1.234  ohms  per  mile,  or  19.75  ohms 
total. 

To  construct  the  diagram,  lay  off  0£i  equal  to  the 
no-load  voltage  to  some  convenient  scale.  In  all  ordi- 
nary cases  this  will  be  equal  to  the  impressed  voltage. 
The  position  of  the  terminal  of  the  vector  representing 
delivered  voltage  depends  upon  any  two  of  three  factors, 
viz.,  current,  power-factor  and  power.     Three  sets  of 


*See  article  on  "The  Circle  Diagram  for  Single-Phase 
Transformers,"  by  Mr.  Charles  Fortescue,  in  the  Journ.\l  for 
August,  1914,  p.  449. 
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-A    CIRCLE   DIAGR.\M    FOR   SINGLE 
PHASE  CIRCUITS 


loci  may  therefore  be  plotted,  the  intersection  of  any 
two  such  loci  determining  the  location  of  the  vector  £2- 

LOCI  FOR  VARIOUS   CURRENTS 

When  the  primary  e.m.f.  is  fixed,  the  locus  of  £,  for 
a  given  load  current  is  a  circle  with  its  center  at  £1 
and  a  radius  equal  to  the  product  of  the  impedance  of 
the  circuit  into  the  given  current.  In  Fig.  i  such  a 
circle  is  shown  for  a  current  of  100  amperes,  giving 
1975  volts  impedance  drop.  If  the  interest  lies  solely 
^  ■         ^  ;  in  the  power  to  be 

delivered,  which  is 
f  r  e  q  u  ently  the 
case,  then  the  cir- 
cles for  loci  at 
difl'erent  currents 
may  be  entirely 
omitted. 

LOCI    FOR    VARIOUS 
POWER-FACTORS 

The  locus  of  £j 
for  any  given 
1)0 wer- factor  is  a 
circle  which  must 
pass  through  £, 
at  no-load  through 
O  with  a  direct 
short  -  circuit. 
Hence  the  center 
of  this  circle  must 
lie  on  the  perpen- 
dicular bisector  of 
OE,.  The  loca- 
tion on  this  line  of  the  centers  corresponding 
to  the  various  power-factors  is  determined  as 
follows : — Lay  oflf  along  this  line  a  di.stance 
of  Z>Cioo.such  that  the  ratio  DCi^„  to  £>£i 
equals  the  ratio  of  the  resistance  to  the  react- 
ance of  the  circuit.  An  arc  drawn  through  £, 
with  a  center  at  C,oo  represents  the  locus  of  E„  for  all 
loads  of  100  percent  power-factor.  The  centers  C90, 
Cgo,  etc.,  for  other  power-factors  are  obtained  by  laying 
off  angles  a,o,  ago,  etc.  =  cos"'  0.90,  cos"'  0.80,  etc., 
respectively,  making  the  angle  either  lag  or  lead  Cioo^i. 
according  as  the  power- factor  is  lagging  or  leading;  or 
the  centers  may  be  determined  graphically  by  laying  out 
along  the  radius  Ej^K.,,,^,,  of  circle  GDH  (which  is  drawn 
tangent  to  the  perpendicular  bisector  CoD  with  center 
at  £1),  a  distance  which  for  C90  would  be  90  percent  of 
the  radius  E^K^oo-  The  perpendicular  erected  at  ATg,, 
then  represents  the  chord  of  the  double  angle  of  lag  and 
lead  represented  by  a  power-factor  of  90  percent.  Other 
angles  are  laid  off  similarly.  The  loci  of  £^  for  the 
various  power-factors  are  then  determined  by  the  inter- 
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section  of  the  power  circle  with  the  power-factor  circles 
passing  through  £j,  with  centers  at  C90,  Cgo,  etc. 

LOCI    FOR  VARIOUS   LOADS 

The  locus  of  £,,  for  any  given  amount  of  power  de- 
livered, is  a  circle  having  for  its  center  the  center  C„ 
of  the  zero  power-factor  circle.    The  radius*  is  equal  to 

r.  =  V   ' —   —  .     To  obtain  1\  (  since  CqEi    = 

4  cos'  a         cos  a  \ 

' —  )   describe  on  Co£i  a  semicircle,  and  from  E^  lay 


4 


pz 


on  the  same  scale  as 


of¥  a  chord  E^F  equal  to 

IZ.     F  is  a  point  on  the  required  locus  and  C„F  is  the 
radius  i\,  for  a  given  power  P. 

THE  CURRENT  DIAGRAM 

The  loci  of  the  various  current  vectors  can  be  deter- 
mined Ijy  similar  groups  of  circles  representing  current, 
power-factor  and  power  loci.  The  locus  of  the  vector 
for  a  particular  current  is  a  circle  with  0  as  a  center 
and  a  radius  equal  to  the  desired  current  laid  off  to  a 
suitable  scale.  The  loci  for  various  power-factors  are 
determined  by  laying  off  OAf,,,„  at  right  angles  to  0£, 
and  laying  oft  angle  «,„„  =  «]„,  of  the  voltage  diagram. 
A  circle  RNS  is  then  drawn,  with  O  as  its  center,  whose 
radius  is  to  the  radius  of  a  given  current  circle  as  DE^ 
is  to  the  impedance  drop  due  to  that  current.  In  other 
words,  ON  :  I  =  DE  :  IZ  laid  off  to  the  correct  current 
and  voltage  scales.  A  line  is  then  drawn  tangent  to  this 
circle  and  perpendicular  to  ON.  The  intersection  of 
this  line  with  OE^  continued  is  the  center  of  the  zero 
power-factor  circle.  The  intersection  of  this  line  with 
OAfjoT  is  the  center  of  the   100  percent  power-factor 


*In  Fig.  2,  a  part  of  the  main  diagram,  Fig.  i  is  drawn  separ- 
ately for  simplicity. 

£,  =  £,  —  IZ  {cos.  e  +  j  sin  8) 

1  =  1  [cos  (a  —  6)  —  j  sin  (a  —  6)] 

P  -j  Q=  Bil  [cos  (a  -  e)  +j  sin  {a  -  8)] 

=  I  El  [cos  {a  —  e)  +  j  sin  {a  —  $)]  —  I-Z  [{cos  a  +  j  sift  a)] 
P  =  1 1  El  cos  {a  -  e)  -  PZ  cos  a) (l) 

The  equation  of  the  circle  having  Co  as  center  and  CoEo  as  radius 
is  obtained  as  follows: — 

£1 

^'^^  =  TT^c, 

Denote  CaE^  by  re. 

Then  r-c  =  [C„£i  -  IZ  cos  {a  -  9)]=  -|-  [IZ  (sin  a  -  6)]- 
E\  EJZ 

r\.  =  -::rz:i  -  :z7-„  cos{  a  -  e)  +  {izy- 


4C0S  a-       ( 
r-Z  cos  a  + 


£r 


or  lEi  cos  (c 


.;  Z  cos 

')  -  r-  Z  cos 


-I El  cos  {a-  e)  = 
Er 


Z 

cos  I 


.(2) 


4Z  cos  a  Z 

which  is  the  equation  of  the  circle  having  Co  as  center  and  radius 
CoEi  in  turns  of  the  variable  (IZ).     But  from  (i) 

I  El  cos  {a  -  e)  ~  PZ  cos  a  =  P 
and  therefore  the  locus  of  P  =  a  constant  is  the  above  circle. 
To  find  rE,  substitute  (l)  in  (2). 
cos  a  _        El' 

''^-T^T^^c-P (3) 

£1'           PZ 
^  ^    ~    4  cos  -a        cos  a "^ 


circle.  The  centers  of  the  circles  for  the  other  poWer- 
factors  are  obtained  by  laying  off  the  suitable  angles  in 
the  same  manner  as  in  the  voltage  diagram. 

The  radii*  of  the  power  loci  circles  are  determined 
by  making  them  bear  the  same  relation  to  the  radii  of 
the  same  circles  in  the  voltage  diagram  as  the  radii  of 
the  respective  zero  power-factor  circles.  In  other 
words,  r,  :  )\  =  OMo  :  EiCo.  Or  to  obtain  the  required 
radius  describe  a  semicircle  on  MoO,  and  from  0  lay  ofif 

/       P 

a  chord  OL  (equal  to   \  -^ on  the  same  scale  as  7) 

^  Z  cos  a 

on  this  semicircle.     Then  /  is  a  point  on  the  required 

locus  and  MM  is  the  required  radius. 

USE  OF  DIAGRAMS 

The  intersection  of  any  two  loci  determines  the  loca- 
tion of  the  vector  of  terminal  volts  or  current.  Thus 
in  Fig.  I  a  vector  is  drawn  as  a  heavy  line  to  represent 


FIG.   2 — SIMPLIFICATION    OF   CIRCLE   DIAGRAM   OF   FIG.    I 

£2  with  a  load  of  1000  kilowatts  at  a  power-factor  of  90. 
The   current   corresponding   to   this   load   is   shown   in 


*The  equation  of  the  circle  having  Ma  as  center  and  AUI  as 
radius  is  obtained  as  follows: — 

E  , 
ON  =  MoO  cos  a  =  T^  by  construction. 

El 
Then  MaO   = 


2  Z   cos   a 
Let  ri  be  the  radius  Mol 
El 


■■  -  G 


\2  Z  cos  a 

El''  Ell 


—  I  cos  {a 


h  -I-  /'  sin-  (a 


=  4ZHos'a-Zcosa"''^"-^^+^'- 
El-' 
I  El  cos  {a  ~  e)  -  PZ  cos  a  =      ^^  coi  a  ~  '''^'  '^"^  "  ^ 
a  constant 

which  is  the  equation  of  the  circle  having  Mo  as  center  and  Mol  as 
radius  in  terms  of  /. 

Since  the  left  hand  value  of  the  equation  is  equal  to  P,  the 
above  circle  is  the  locus  of  P  =  a  constant.     To  obtain  n  we  have 
El'  P 

'    ~  4  Z-  cos''  a       Z  cos  a 
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magnitude  and  direction  by  the  vector  drawn  to  the 
intersection  of  the  lOop  kilowatt  and  the  90  percent 
power-factor  loci  of  the  current  diagram.  This  current 
can  also  be  determined  in  magnitude,  but  not  direction, 
by  measuring  the  distance  E^E^  in  volts  and  dividing  by 
the  impedance;  this  afifords  an  easy  check  on  the  ac- 
curacy of  the  diagram. 

It  will  be  evident  both  from  the  voltage  and  current 
diagrams  that  it  is  impossible  for  the  assumed  circuit  to 
deliver  1000  kilowatts  at  60  percent  power-factor  or 
less,  as  the  1000  kilowatt  locus  reaches  the  perpendicu- 
lar bisecter  of  OE^  without  interesting  the  60  percent 
power-factor  locus.  This  is  an  example  of  the  well- 
known  law  that,  with  a  constant  impressed  voltage,  the 
maximum  amount  of  power  may  be  obtained  from  a  cir- 
cuit when  the  external  resistance  or  impedance  equals 
the  internal  resistance  or  impedance ;  in  other  words, 
when  the  voltage  drop  equals  the  delivered  voltage. 

The  diagram  is,  of  course,  entirely  reversible.  For 
instance,  if  it  is  desired  to  determine  the  amount  of 
power  at  a  given  power-factor  which  can  be  delivered 
by  the  given  circuit  at  a  given  secondary  voltage,  draw  a 
circle  with  O  as  a  center  and  the  desired  voltage  as  a 
radius,  as  shown  in  Fig.  i,  by  the  circle  marked  10  000 
volts  delivered.  The  distance  from  the  intersection  of 
this  circle  with  the  power-factor  circle  (as,  for  instance, 
power-factor  =  90)  to  C„  gives  the  value  of  r^  for  the 
desired  amount  of  power,  and  knowing  /-j.  the  value  of 
the  power  can  readily  be  calculated  from  equation  (3). 

The  power-factor  represented  by  the  power-factor 
circles  on  the  diagram  and  throughout  the  above  discus- 
sion is  the  power-factor  of  the  load,  the  angle  of  lag  or 


lead  being  the  angle  between  the  vectors  E.,  and  /.  The 
power-factor  of  the  generator,  transforn\er  or  other  ap- 
paratus feeding  the  circuit  for  which  the  diagram  is 
drawn  corresponds,  of  course,  to  the  angle  between  E-^ 
and  /.  In  case  the  delivered  no-load  voltage  is  not 
equal  to  the  impressed  voltage  as  would,  for  instance, 
be  the  case  with  an  underground  high-voltage  cable,  the 
vector  jEj  must  be  drawn  to  represent  the  delivered  no- 
load  voltage,  and  a  new  vector  E  can  be  drawn  to  rep- 
resent the  impressed  voltage  in  both  phase  position  and 
magnitude.  As  the  whole  diagram  is  drawn  on  the 
basis  of  a  constant  impressed  voltage,  the  vectors  E  and 
£1  will  both  be  fixed  in  position.  In  this  case,  of  course, 
the  power-factor  of  the  apparatus  supplying  the  voltage 
will  correspond  to  the  angle  between  E  and  /. 

A  study  of  this  diagram  reveals  many  interesting 
relations  between  the  current  and  voltage  of  a  single- 
])hase  circuit.  For  example,  it  is  at  once  evident  that  at 
high  power- factors  the  delivered  voltage  will  lag  behind 
the  impressed  voltage  considerably,  the  effect  of  the  im- 
pedance of  the  line  being  to  produce  a  phase  displace- 
ment rather  than  a  drop  in  voltage.  The  voltage  drop  is 
maximum  and  the  phase  displacement  of  the  delivered 
voltage  zero  when  the  power-factor  of  the  load  equals 
the  power-factor  of  the  circuit  for  which  the  diagram  is 
drawn  when  short-circuited.  For  still  lower  power- 
factors,  the  delivered  voltage  will  lead  the  impressed 
voltage.  With  leading  power-factors,  it  is  possible  for 
the  delivered  voltage  to  exceed  the  no-load  voltage,  a 
condition  which  makes  it  evident  that  voltage  drop  in  an 
alternating-current  line  bears  no  relation  to  the  power 
loss  in  the  line. 


Automatic  Controllers 

FOR  ADJUSTABLE-SPEED,  DIRECT-CURRl'LNT  MOTORS  DRIVING  PAPER  MACHINES 

R.   T.   KlXTZlNG 

Industrial  Control  Dept.. 
Westinghouse  Electric  &  Mfg.  Company 


UNIFORMITY  of  ])roduction  from  a  paper  ma- 
chine requires  constant  speed.  On  the  other  hand, 
for  the  manufacture  of  a  variety  of  qualities  and 
thicknesses  of  paper  in  one  machine  the  speed  of  the 
machine  must  be  adjustable  over  a  wide  range.  The 
problem  of  electric  drive  is  to  obtain  a  speed  range  of 
approximately  10  to  i  economically;  to  maintain  con- 
stant speed  with  a  given  load ;  and  to  provide  for  such 
gradual  changes  of  speed  in  accelerating  and  deceler- 
ating that  the  paper  will  not  be  torn. 

It  is  generally  admitted  that  these  severe  operating 
conditions  can  be  most  economically  met  by  the  use  of 
adjustable-speed,  direct-current  motors  with  shunt  field 
speed  control.  Small  motors  can  be  built  which  have  a 
field  control  speed  adjustment  of  5  to  i,  but  they  are 
relatively  large  and  expensive,  and  sizes  larger  than  50 
horse-power  are  not  commonly  built  with  such  a  wide 
speed  range.    To  secure  a  speed  range  of  10  to  i,  there- 


tore,  requires  an  additional  means  of  speed  adjustment. 
A  resistance  in  series  with  the  armature  is  wasteful  of 
power.  The  use  of  constant  potential,  multi-voltage 
power  supply  with  two  or  three  voltages  oft'ers  an  ap- 
parent method  of  increasing  the  speed  range  of  such 
motors,  but  the  difficulty  of  obtaining  smooth  accelera- 
tion limits  its  practical  application.  The  control  scheme 
shown  in  Fig.  3  combines  the  use  of  adjustable-speed 
n'iOtors  with  a  variable  potential  power  supply  having  a 
wide  range  of  adjustment,  and  thereby  makes  possible 
the  use  of  economical  sizes  of  motors  and  steady  speed 
control. 

In  this  system  the  direct-current  power  is  obtained 
from  a  motor-generator  set  which  usually  consists  of 
three  machines  on  a  common  bedplate,  as  shown  in  Fig. 
I.  namely, — the  alternating-current  motor:  the  direct- 
current  generator;  and  the  exciter  (which  is  used  for 
the    excitation    of    the   generator,    tine    adjustable-speed 
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motor  and  the  alternating-current  motor  tield  in  case  the 
driving  motor  is  a  synchronous  machine).  The  exciter 
voltage  is  held  constant,  and  is  also  used  to  provide 
power  for  the  operation  of  magnetic  contactors,  relays, 
etc.,  on  the  control  board.    A  switchboard  with  the  nec- 


FIG.    I — MOTOR-GENERATOR    SET 

Used  with  paper-machine  controller. 
essary  meters,  switches  and  starting  device  is  used  for 
the  control  of  this  set. 

The  controller  proper,  shown  in  Fig.  2,  consists  of  a 
motor-driven  combination  field-rheostat  for  varying  the 
direct-current  generator  voltage  and  for  shunt  field  con- 


All  operations  of  the  controller  are  automatic  and 
are  controlled  from  push  buttons.  A  standard  controller 
includes  Start,  Fast,  Slow,  Safe,  Run  and  Stop  push 
buttons.  In  normal  operation  the  direct-current  gener- 
ator voltage  is  so  low  when  starting  that  when  the 
motor  and  generator  are  connected  together  no  external 
resistance  is  needed  to  limit  the  motor  current.  When 
the  Start  button  is  pushed,  the  main  line  contactor  closes 
and  the  generator  voltage  builds  up  to  the  value  neces- 
sary to  give  the  minimum  paper  speed.  The  motor  con- 
tinues to  run  at  this  speed  until  the  operator  presses  the 
Fast  button,  which  drives  the  rheostat  arm  around  and 
l)uilds  up  the  generator  voltage  at  a  rate  which  is  lim- 
ited by  the  armature  current  to  prevent  too  rapid  accel- 
eration. As  soon  as  the  rheostat  arm  moves  beyond 
the  point  of  full  generator  voltage,  the  field  of  the 
adjustable-speed  motor  is  gradually  weakened  and  the 
motor  speed  is  correspondingly  increased.  The  opposite 
result  is  obtained  by  pushing  the  Slow  button,  which 
causes  the  arm  to  reverse  and  move  in  the  opposite  di- 
rection. The  Stop  button  opens  the  control  circuit  and 
thereby  disconnects  the  motor  from  the  generator  and 
cuts   in   all   the   generator   field   resistance.      Similarly, 


riG.    2 — AUTOM.\TIC    CONTROtLER   FOR   DIRECT-CURRENT,   .ADJUSTABLE- 
SPEED,  P.APER-M.ACHINE   MOTOR 

trol  of  the  direct-current  motor ;  a  two-pole  knife  switch 
for  connecting  motor  and  generator  together ;  a  magnet- 
operated  contactor  for  the  main  line  current,  and  all 
uecessarv  relavs  and  interlocks. 


riG.   J — SCHEME  OF  CONNECTIONS   OF  DIRECT-CURRENT 
PAPER-MACHINE  CONTROLLER 

when  the  Safe  button  is  pushed  the  entire  control  circuit 
is  interrupted,  but  in  this  case  it  remains  open  until  the 
operator  pushes  the  Run  button.  After  this,  in  order 
to  start,  it  is  necessary  to  push  the  Start  button. 

If  the  Start  button  is  pushed  when  the  rheostat  arm 
is  in  the  high-speed  position,  the  motor  will  automati- 
cally accelerate  to  this  speed  at  a  safe  and  predeter- 
mined rate.  If  the  motor  is  overloaded,  an  overload 
relay  in  the  motor  circuit  operates  to  disconnect  the 
motor  and  shuts  down  the  paper  machine.  Ordinarily, 
a  speed-indicating  meter  is  mounted  on  the  wall  near 
the  main  push-button  station. 

These  automatic  controllers  give  a  wide  range  of 
speed  economically  and,  with  the  large  number  of  pomts 
of  acceleration,  provide  for  very  gradual  changes  of 
speed,  conditions  which  are  essential  to  the  successful 
operation  of  paper-making  machinery. 


IM(SE]^ 


EM6   Mot 


Conducted  by  R.  H.  WILLARD 

,m — To  connect  theory  and  practice 


Reactive-Factor 

111  vector  representation  any  vector  may  be  resolved  into 
components  for  convenience  of  consideration.  The  current  in 
an  alternating  circuit  is  generally  treated  as  a  sine  wave  sub- 
ject fo  vector  rules;  so,  for  convenience  it  is  often  considered 
as  being  composed  of  two  components,  the  active  component 
representing  the  actual  power  of  the  circuit,  and  the  reactive 
component  representing  the  magnetic  and  capacitance  effects. 
The  reactive  component,  representing  no  true  power,  is  at 
right  angles  to  the  active  component  which  is  in  phase  with  the 
voltage.  For  different  phase  relations  of  current  and  voltage 
the  active  and  reactive  current  components  are  as  shown  in 
Table  I. 

The  power  in  the  circuit  is  the  product  of  the  active  com- 
ponent of  current  and  the  voltage.  By  the  definition  of  power- 
factor,  the  power  in  a  circuit  is  also  the  product  of  power- 
factor,  current  and  voltage.    This  makes  the  power-factor  equal 

'table  I— relation  of  power-factor  to  REACTIVE-FACTOR 


Phase  Angle. 

Percent  of  Total  Current.                       j 

Active  Component. 

Reactive  Component. 

5    -  45' 
8-7' 
9    -57' 
II    -  2g' 
I8    -  12' 
25    -  50' 

995 

99 

98.5 

98 

95 

90 

14. 1 
17.3 
19.9 
31.2 
43  6 

to  the  ratio  of  active  component  to  total  current.  An  analogous 
term  is  reactive  factor,  which  is  equal  to  the  ratio  of  reactive 
component  to  total  current.  Reactive  factor  times  total  k.v.a. 
gives  the  reactive  or  non-power  producing  k.v.a. 

It  is  evident  from  Table  I  that  with  small  phase  angles 
the  power-factor  decreases  slowly  while  the  reactive-factor  in- 
creases rapidly.  In  operating  converters  it  is  very  important  to 
have  current  and  voltage  as  nearly  in  phase  as  possible.  For 
this  reason  reactive-factor  meters  are  frequently  used  instead 
of  power-factor  meters.  If  an  operator  is  told  to  run  at  100 
percent  power-factor  he  will  not  be  much  worried  if  his  meter 
reads  99  percent,  but  if  he  is  told  to  run  at  o  percent  reactive- 
factor  he  will  hardly  feel  easy  when  his  meter  registers  14  per- 
cent reactive-factor.  Since  the  reactive  or  non-energj'-produc- 
ing  current  is  what  must  be  kept  down,  it  is  quite  logical  to 
use  meters  which  read  this  reactive  current.  This  is  especially 
true  with  rotary  converters,  in  which  a  small  phase  displacement 
produces  a  large  increase  in  heating  of  the  tap  coils. 


Compounding  Rotary  Converters 

If  a  constant  alternating  e.m.f.  is  applied  to  a  rotary  con- 
verter it  will  be  found  that  the  direct  e.m.f.  will  fall  as  the  load 
is  applied,  due  to  drop  in  the  windings.  It  is  often  desirable  to 
keep  this  voltage  constant  without  boosting  the  alternating  volt- 
age. This  can  be  done  by  compounding,  that  is  bj'  using  a 
series  field.  As  load  comes  on  the  field  is  strengthened,  making 
the  armature  draw  a  leading  current  as  in  a  synchronous  motor. 
There  is  always  some  reactance  in  the  line  and  transformers 
which  gives  the  desired  effect  as  follows : — 

With  current  in  phase  with  the  voltage  the  counter  e.m.f. 
£0  is  less  than  the  line  e.m.f.  Bi  due  to  impedance  drop.  With 
lagging  current,  Fig.  i,Ec  is  also  less  than  £„  but  with  leading 
current.  Fig.  3,  and  sufficiently  large  IX  drop,  £c  becomes 
larger  than  Bi-  The  direct  voltage  of  the  converter  is  equal  to 
the  maximum  value  of  £c,  so  when  the  field  is  strengthened, 
resulting   in    a    leading   current,    the    direct    voltage    is    raised. 


Over-compounding  is  seldom  attempted,  as  it  requires  too  much 
reactance  in  the  alternating-current  side  and  makes  the  con- 
verter heat,  due  to  operating  at  power-factors  below  unity. 

This  same  boosting  of  voltage  shows  also  in  the  regulation 
of  transformers.  When  carrying  unity  power-factor  load  the 
IX  drop  has  little  effect  on  the  regulation,  as  it  is  at  right 
angles  to  the  voltage.  Fig.  2.  With  low  power-factors  the  IX 
drop  has  the  chief  effect,  and  the  IR  drop  for  the  same  reason 


TIC.   I  i-iG.  2  i-ic.  3 

relatively  little.  As  before,  if  the  current  leads  the  e.m.f.  a 
rising  voltage  characteristic  may  result,  due  to  the  position  of 
the  IX  drop. 

Where  a  considerable  compounding  is  desired  from  a> 
rotary  converter,  a  transformer  with  artificial  reactance  is  pro- 
vided,* which  gives  a  considerable  reactive  drop  at  low  power- 
factors  (under-excitation  of  the  converter)  and  a  rise  in  volt- 
age with  leading  power-factors  (over-excitation  of  the  con- 
verter). 


Action  of  Synchronous  Motor  on  N'arying 
Field  Excitation 

In  transmission  line  work  it  is  desirable  to  maintain  high 
power-factors,  {n  order  to  do  this  a  synchronous  motor  is 
often  used.  If  a  synchronous  motor  has  a  current  in  its  arma- 
ture in  phase  with  its  e.m.f.,  the  armature  reaction  will  be 
"cross  magnetizing,"  as  in  a  direct-current  machine  with 
brushes  on  the  neutral.  If  the  current  lags  behind  the  e.m.f.  it 
will  reach  its  maximum  value  after  the  armature  has  moved 
bejond  the  position  shown  in  Fig.  I,  and  the  armature  reaction 


will  strengthen  the  field.  Conversely,  a  leading  current  will 
tend  to  demagnetize  the  field.  Suppose  we  have  a  motor  on 
the  end  of  a  line.  If  we  increase  the  field  current  the  counter 
e.m.f.  will  tend  to  rise,  since  the  speed  must  stay  constant.  We 
know  that  it  cannot  rise  above  line  voltage,  as  then  it  could  not 
receive  power  from  the  line.  In  order  to  counteract  the  in- 
crease in  flux  due  to  increased  field  current,  enough  leading 
current  will  flow  in  the  armature  to  overcome  the  e.m.f.  of  the 
additional  field  current.  If  this  leading  current  is  equal  to  the 
lagging  component  of  the  load  current,  the  line  current  will  be 


*See  article  on  "Leakage  Reactance,"  in  the  JotniN.\L   for 
August,  1915,  p.  383. 
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WARD  LEONARD 


Enamelled 
Resistance  Units 

are  made  in  many  sizes.   13y  means 
of  the  vitreous  enamel  insulating 
material  and  glaze  it  is  possible  to 
put  3000  ohms  resistance  in  a  unit  A"  in  diameter  by  Ts"  long. 

One  of  these  units  will  be  sent  gratis  to  any  engineer 
writing  for  same  and  stating  the  purpose  for  which  such  a 
vitreous  enamelled  unit  is  of  interest. 

CONSTRUCTION 


Each  unit  is  composed  of  a  porcelain  tube  wound  Tvitb 
a  special  resistance  wire  of  practically  zero  temperature 
co-efficient.  The  tube  after  being  wound  with  wire  is 
covered  with  a  vitreous  enamel  which  holds  the  wire 
firmly  in  place.  The  copper  connecting  wires  or  terminal 
leads  consist  of  round  copper  braids  each  composed  of 
a  large  number  of  flexible  cojtper  wires.  Grounding  is 
absolutely  impossible  as  the  supjiort  is  composed  of  the 
must    perfect    insulating   material. 


The  finest  wire  when  properly  embedded  in  the  special 
enamel  used  for  these  Ward  Leonard  resistance  units  is 
entirely  free  from  any  mechanical  strain  due  to  the 
lieu  ting  and  cooling  and  is  perfectly  protected  against 
ail  oxidation  or  other  chemical  depreciation.  su<-b  as  is 
invariably  met  with  where  tine  wires  are  exposed  to 
thf  air  at  any  part  of  their  length  or  are  embedded  in 
any  materials  such  as  cement,  japan,  shellac  or  any 
other  insulating  material  thus  far  used,  with  the  single 
exception   of   enamel. 


Ward  Leonard  Electric  Co.,  Mt.  Vemon,  n.  y. 


in  phase  with  the  voltage,  and  the  generator  and  Hne  will  oper- 
ate at  unity  power-factor.  Thus  let  OA  represent  the  active 
component  of  the  load  current,  AC  the  lagging  reactive  com- 
ponent, and  OC  the  total  load  current  without  the  synchronous 
motor.  CD  represents  the  active  component  of  the  motor  cur- 
rent, DB  the  leading  reactive  component,  and  CB  the  total 
motor  current.  Adding  OC  and  CB  we  get  OB,  which  is  the 
line  current,  which  has  no  reactive  component  if  DB  and  AC 
are  equal. 


Commutator  Construction 

Commutators  are  made  from  hard-drawn,  wedge-sectioned 
copper  bars  and  ordinarily  are  held  together  bj'  V-rings,  which 
fit  into  the  commutator  on  each  end  and  are  insulated  from  it  by 
means  of  a  mica-moulded  form.  The  rear  \'-ring  is  usually 
cast  in  one  piece  with  the  armature  spider,  especially  in  small 
machines,  while  the  front  V-ring  is  removable.  There  are  two 
general  methods  of  clamping  these  V-rings  together, — by  a  ring 
nut  or  by  heavy  clamping  bolts. 

The  bolted  construction  is  used  on  large  sizes,  where  a 
ring  nut  would  be  expensive  and  hard  to  use.  It  is  also  used  in 
some  cases  on  motors  of  moderate  size  that  are  subjected  to 
severe  mechanical  stresses  and  vibration  in  service.  It  gives  a 
more  rigid  construction,  but  cannot  be  applied  easily  to  small 
commutators  on  account  of  lack  of  space. 

The  ring  nut  is  used  on  most  motors  of  small  and  medium 
size  on  account  of  its  simplicity  and  low  cost.  If  care  is  taken 
to  have  the  bars  of  uniform  length  and  the  mica  of  uniform 
thickness,  it  is  satisfactory,  otherwise  some  bars  will  be 
clamped  tighter  than  others  when  the  ring  is  screwed  tight,  thus 
allowing  the  bars  to  loosen  in  service. 

The  commutator  necks,  when  not  an  integral  part  of  the 
commutator  bars,  are  usually  hard-rolled  copper  straps,  riveted 


and  soldered  to  the  bars  with  a  special  high-melting  solder. 
By  using  a  localized  flame,  the  temperature  of  the  bar  at  the  V 
is  not  raised  high  enough  to  destroy  the  temper  given  to  the 
copper  by  the  drawing  process.  These  necks  are  usually  ar- 
ranged so  that,  in  addition  to  connecting  the  windings  to  the 
commutator,  they  act  as  blowers  and  assist  in  radiating  the  heat 
developed  at  the  brushes,  thus  keeping  the  commutator  cool. 

In  building  a  commutator  the  bars  and  mica  sheets  are 
assembled  in  steel  clamps,  turned  and  clamped  between  the  V- 
rings.  They  are  then  put  through  a  continued  heat  and  pres- 
sure treatment,  which  seasons  the  commutator  thoroughly.  The 
bond  of  shellac  or  other  ingredients  which  is  used  in  the  process 
of  building  up  the  mica  strips  to  the  required  thickness  is  driven 
off  during  the  seasoning  process,  leaving  the  insulation  strips 
between  the  commutator  bars  hard  and  dry.  The  mica  V 
insulation  which  is  used  in  moulded  form  on  the  ends  of  the 
commutator  is  made  from  selected  mica  plates,  with  as  little 
bond  as  possible,  and  is  heated  in  moulds  under  a  heavy  pres- 
sure for  several  hours,  the  process  making  it  hard  and  giving 
it   a  smooth  surface. 

When  baking  the  commutator,  the  temperature  is  kept  be- 
tween 250  and  300  degrees  F.,  to  make  certain  that  the  temper 
of  the  copper  is  unchanged,  because  copper  loses  ten  percent  of 
its  hardness  above  400  degrees  F.,  and  this  loss  doubles  at  500 
degrees  F. 

To  prevent  the  assembled  commutator  surface  from  be- 
cdming  rough  by  the  rising  of  tlie  individual  bars  when  an  in- 
creased temperature  expands  the  copper,  the  assembled  com- 
mutator is  bored  at  the  V's  with  a  slight  temperature  allow- 
ance, making  the  commutator  tight  in  the  arch  when  -the  copper 
has  reached  its  full-load  temperature,  but  without  enough  pres- 
^ure  to  distort  the  arch  of  the  commutator,  thus  insuring  smooth 
running  under  all  operating  conditions. 


Our  subscribers  ate  invited  to  use  this  department  as  a  means  of  securing  authentic  information  on  electrical  and  mechanical  subjects. 
Questions  concerning  general  enginecnng  theory  or  practice  and  questions  regarding  apparatus  or  materiaU  desired  for  particular  needs  will  be 
answered    Specific  data  regarding  design  or  redesign  of  individual  pieces  of  apparatus  cannot  be  supplied  through  this  department. 

To  receive  prompt  attention  a  self-addressed,  stamped  envelope  should  accompany  each  query.  A  persona]  reply  is  mailed  to  each  questioner 
as  soon  as  the  necessary  information  is  available;'  however,  as  each  question  is  answered  by  an  expert  and  checked  by  at  least  two  others,  a  reason- 
able length  of  time  should  be  allowed  before  expecting  a  reply.     Care  should  be  used  to  furnish  all  data  needed  for  an  intelligent  answer. 


1355 — Magnet  Brake — Please  tell  how 
the  magnet  hrake  on  a  street  car 
works  when  the  power  is  off,  and  why 
any  other  series  motor  won't  stop 
when  you  short-circuit  it  when  it  is 
running.  I  have  been  trying  to  stop 
series  shunt  and  compound  motors 
with  their  own  current  and  I  can't  do 
it.  I  have  run  the  three  different  kinds 
up  to  speed,  then  I  would  pull  the  line 
switch  out  and  short-circuit  it  on  the 
motor  side  by  putting  a  piece  of  iron 
across  the  switch  and  keeping  the  con- 
troller or  starting  box  on,  and  I  don't 
even  get  a  spark  on  the  piece  of  iron. 
Please  tell  me  how  I  can  stop  these 
motors  with  their  own  current.  They 
don't  even  seem  to  generate  as  they 
are  supposed  to  do ;  and  why  don't 
they  generate  as  they  are  running  up 
to  speed?  T.  w.  s  (penn.x.  I 

The  magnet  brake  on  a  street  car  is 
operated  by  the  current  generated  by 
the  motors.  In  order  to  make  a  series 
motor  generate  it  is  necessary  to  re- 
verse the  fields.  Standard  practice  is  to 
interchange  the  fields  of  two  motors  to 
equalize  the  currents  generated.  The 
car  is  retarded  both  by  the  motors  act- 
ing as  generators  and  by  the  magnetic 
action  of  the  brake.  Any  series  motor 
may  be  stopped  by  reversing  the  fields, 
and  then  short-circuiting  the  motor.  To 
protect  the  motor,  this  should  be  done 
through  a  resistance.  The  best  way  to 
stop  a  shunt  or  compound  motor  by  its 
own  current  is  to  have  the  shunt  field 
connected  across  the  line  and  short-cir- 
cuit the  armature  through  a  resistance. 
The  reason  the  motor  does  not  generate 
when  .'-.hort-circuited,  as  described,  is 
either  that  the  shunt  field  is  not  con- 
nected across  the  armature,  or  that  even 
if  connected  across  the  armature,  when 
the  armature  is  short-circuited  the  field 
is  also  short-circuited,  so  that  there  is 
no  flux  available  for  generating  arma- 
ture current.  If  the  shunt  is  connected 
across  the  armature,  and  the  motor  con- 
nected across  a  fairly  high  resistance, 
the  motor  will  generate  and  be  retarded. 
w.  A.  c. 

1356  —  Soldering  Armature  Leads  to 
Commutator  —  Which  is  the  best 
method  of  soldering  armature  leads  to 
the  commutator,  on  large  armatures, 
of  200  and  300  horse-power,  250  volt 
motors?  Is  it  practical  to  use  an 
acetylene  outfit  with  a  sharp  burner, 
or  is  it  best  to  use  a  lead-burning  out- 
fit as  is  used  in  storage  battery 
work?  Please  mention  any  other 
method  and  advantages. 

M.T.  C.  (HONOLULU) 

The  oxy-acetylene  flame  is  not  prac- 
tical, for  the  reason  that  it  is  of  too 
high  temperature  and  too  concentrated. 
The  hydrogen  flame  such  as  is  used  for 
lead-burning  outfits  has  the  sanae  objec- 
tions, but  in  much  lesser  degree.     T?he 


best  method  is  to  use  two  copper  solder- 
ing irons  (one  being  heated  while  the 
other  is  being  used)  and  a  charcoal  fire 
or  the  equivalent  in  which  to  heat  them. 
The  irons  must  at  all  times  be  kept  abso- 
lutely clean  and  well  tinned.  After  the 
iron  is  heated  it  is  laid  against  the  joint 
to  he  soldered,  being  held  there  until 
sufficient  heat  has  been  transmitted  from 
it  to  tlie  joint,  which  is  indicated  by  the 
solder  (usually  one-half  lead — one-half 
tin)  melting.  A  flux  made  up  of  a  sat- 
urated solution  of  alcohol  and  rosin 
should  be  applied  to  the  joint  before 
commencing  operations,  as  well  as  from 
time  to  time  during  the  soldering. 
There  are  other  fluxes  which  may  be 
u.sed,  but  many  of  them  are  more  or  less 
detrimental  to  the  insulation.  The  ad- 
vantage of  the  iron  over  any  flame  is 
that,  the  heat  being  lower,  it  is  much 
easier  to  protect  any  insulation  in  the 
vicinity  and  there  is  less  o.xydizing  ac- 
tion, c.  B.  .\. 

1357 — Induction  Motor  With  Uneven 
Air-Gap — In  No.  1262  you  advise  a 
questioner  that  the  rotor  of  an  induc- 
tion motor  being  "off  center"  is  un- 
likely to  result  in  increased  heating.  I 
would  be  pleased  to  have  your  opinion 
re.garding  the  following  cases : — On  a 
250  horse-power,  2200  volt.  450  r.p.m. 
motor  with  phase-wound  secondary, 
in  an  effort  to  compensate  for  worn 
bearings,  I  shifted  the  rotor  against  the 
rope  pull  until  the  air-gap  was  about 
one-half  as  much  on  one  side  as  on 
the  other.  After  a  few  hours'  run  the 
motor  became  so  warm  on  the  side  of 
the  smaller  gap  that  I  was  obliged  to 
shut  it  down  and  adjust  the  air-gap  to 
about  equal  clearance  all  around,  after 
which  the  normal  temperature  was 
soon  restored.  At  no  time  did  the 
ammeter  read  over  90  percent  of  full- 
load  current.  The  second  case  is  that 
of  a  35  horse-power,  2200  volt,  720 
r.p.m.  squirrel-cage  motor  geared  to  a 
triplex  mine  pump  which  had  been  in 
service  about  two  years  and  the  bear- 
ings having  become  worn  sufficiently 
to  let  the  rotor  run  very  close  to  the 
stator  on  one  side.  I  noticed  it  was 
beginning  to  run  warmer  on  one  side 
than  formerly.  By  shifting  the  end 
bells  to  center  the  rotor  the  usual  con- 
ditions of  operation  were  restored. 
Would  these  cases  indicate  that  the 
local  heating  was  caused  by  unbal- 
anced magnetic  conditions? 

c.  c.  c.  (.^l.\ska) 
In  the  case  of  the  first  motor  there  is 
probably  a  series  connection  in  the  wind- 
ings of  both  stator  and  rotor,  and  hence 
no  parallels  to  correct  for  increased 
field  strength  in  the  pole  nearest  the 
small  side  of  the  gap.  This  increased 
field  strength  produces  local  heating  at 
this  point  due  to  increased  iron  loss. 
The  second  machine  has  a  squirrel-cage 
rotor,    so    there    is    probably   corrective 


current  flowing  in  the  rotor  winding 
tending  to  check  the  increased  field 
strength  at  the  point  of  small  gap.  This 
corrective  current  produces  increased 
heating  in  the  rotor  winding,  and  since 
the  rotor  is  nearest  the  stator  at  the 
point  of  smallest  gap,  heat  is  trans- 
ferred to  the  stator  resulting  in  local 
heating.  In  the  majority  of  cases  the 
local  heating  due  to  these  causes  is  not 
excessive  and  usually  goes  unnoticed. 
However,  it  is  possible  in  certain  in- 
stances, as  noted,  that  this  local  heating 
may  become  so  large  as  to  warrant  rc- 
centering  the  rotor.  It  is  one  of  the 
strong  points  in  favor  of  the  induction 
motor  that  it  operates  successfully 
under  a  wide  range  of  conditions  like 
this  without  material  change  in  oper- 
ating characteristics.  a.  m.d. 

1358  — Water  Wheel— (a)  What  is 
meant  by  "specific  speed"  of  a  tan- 
gential type  water  wheel?  (b)  In  tan- 
gential water  wheel  design  what  are 
the  limits  of  the  ratio  that  the  nozzle 
diameter  must  bear  to  the  water  wheel 
diameter?  (c)  Under  average  condi- 
tions, which  would  be  most  suitable  to 
develop  2000  kw  under  a  head  of  200 
feet ; — an  impulse  type  water  wheel, 
or  turbine?  (d)  Which  could  be 
expected  to  develop  the  highest  ef- 
ficiency, and  which  unit,  generator  in- 
cluded, would  cost  less? 

R.  B.C.  (calif.) 

(a)  The  expression  "specific  speed"  is 
not  used  in  connection  with  tangential 
type  water  wheels.  The  ipeed  of  a  tan- 
gential water  wheel  is  generally  45  per- 
cent of  the  spouting  velocity  of  the 
water — the  speed  being  taken  at  the  cen- 
ter of  the  stream  line  of  the  jet  dis- 
charging upon  the  wheel,  (b)  The  low- 
est ratio  of  stream  diameter  to  wheel 
diameter,  which  is  permissible,  is  from 
10  to  12.  (c)  For  driving  a  200  kw  gen- 
erator under  200  feet  head,  we  would 
recommend  an  impulse  type  turbine  in 
place  of  a  tangential  wheel,  (d)  For  a 
turbine  having  a  capacity  of,  say,  3000 
horse-power  for  direct  connection  to  a 
2000  kw  generator  under  200  feet  head, 
we  would  recommend  a  speed  of  450  to 
600  r.p.m.  Such  a  turbine  would  de- 
velop an  eflSciency  of,  say,  81  percent  at 
hall  load,  86  percent  at  three-quarter 
load,  82  percent  at  maximum  full  load, 
whereas,  with  a  tangential  wheel  the 
efficiency  would  be  77  percent  at  half 
load,  81  percent  at  three-quarter  load, 
80  percent  at  full  load.  Irl  order  to  give 
3000  horse-power  with  tangential  wheels 
under  200  feet  head  it  would  be  neces- 
sary to  use  four  double  nozzle  wheels 
on  one  shaft,  and  it  would  not  be  advis- 
able to  go  higher  than  a  speed  of  180 
r.p.m.  Under  these  conditions,  the  com- 
bined cost  of  turbine  and  generator 
would  work  out  somewhat  less  than  the 
cost  of  tangential  wheels  and  generators. 

J.V.  K. 
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I3S9 — B-H  Curve — I  desire  to  obtain 
a  B-H  curve  of  the  iron  and  the  point 
at  which  it  is  being  worked  in  a  1333 
kw  transformer,  6600  to  44000  volts. 
There  are  10  2iy  cubic  inches  of  iron 
in  tlie  core.  I  have  readings  of  excit- 
ing current  and  watts  for  various  ex- 
citing voltages,  the  frequency  being 
kept  constant  at  60  cycles.  Will  you 
kindly  advise  the  method  of  drawing 
a  B-H  curve  of  the  iron  and  locating 
the  point  at  which  same  is  being 
worked  from  the  above  data? 

w.  J.  M.  (ill.) 
The  data  given  with  this  question  are 
not  sufficient  for  plotting  a  B-H  curve. 
In  addition  to  this  data  it  is  necessary 
to  have  the  cross-sectional  area  of  the 
core  and  the  number  of  turns  in  the 
6600  volt  winding.  A  B-H  curve  is  gen- 
erally plotted  with  magnetic  flux  density, 
B  as  ordinates  and  magnetomotive 
force,  H  as  abscissa.  The  flux  density 
is  generally  expressed  in  gausses  (lines 
per  square  centimeter)  and  the  mag- 
netomotive force  in  gilberts  per  centi- 
meter   length    of    magnetic    field     (one 

ampere  turn  =   —  gilberts     for     direct 


current  and 


4  \  2 


gilberts    for    alter- 


ating  current).  Some  B-H  curves  are 
plotted  with  B  in  lines  per  square  inch 
and  H  in  ampere  turns  per  inch  length 
of  magnetic  field.  If  the  cross-sectional 
area  of  the  core  and  number  of  turns 
were  known,  data  for  a  B-H  curve  could 
be  computed  as  follows : — 

B  X  10" 
B  (in  gausses)  =  ^.^^  X  f  A  N  •  '"'^^'"'^ 
£  =  voltage,  /  =  frequency,  A  = 
cross-sectional  area  of  core  in  square 
centimeters  and  A''  :=  number  of  turns  in 
the  6600  volt  winding.     Gilberts  per  centi- 

meter  length  =-i— ^^ — ,  where  / 

10  \ 

=  amperes  and  V  =^  volume  of  iron 
in  cubic  centimeters.  By  means  of  the 
above  two  expressions  the  flux  density 
(B)  and  the  magnetomotive  force  (gil- 
berts) can  be  computed  for  each  of  the 
voltage  and  corresponding  current  meas- 
urements. The  curve  should  then  be 
plotted  on  cross-sectional  paper  with 
values  of  B  as  ordinates  and  values 
of  gilberts  as  abscissa.  The  point  on  the 
curve  at  which  the  iron  is  normally 
being  worked  is  the  point  corresponding 
to  6600  volts.  J.  F.  p. 

1360 — Transmission  Lines — Please  ad- 
vise us  present  practice  of  power  com- 
panies with  reference  to  the  use  or 
omission  of  strain  insulators  in  guy 
wires  used  on  transmission  lines  of 
22  000  volts  or  over  carried  on  wood 
poles.  It  is  not  considered  best,  both 
from  a  standpoint  of  modern  con- 
struction and  safety,  to  use  guy  wires 
without  strain  insulators  in  them, 
employing  a  long  guy  rod  and  getting 
this  as  thoroughly  grounded  as  possi- 
ble. We  understand,  of  course,  that 
on  circuits  up  to,  say,  5000  volts,  it  is 
the  usual  practice  to  install  two  strain 
insulators  in  the  guy  wires,  but  one 
reason  for  this  is  to  give  adequate  pro- 
tection to  linemen  while  working  on 
these  circuits  while  alive  by  making 
the  guy  thoroughly  insulated  and  pre- 
vent the  possibility  of  linemen  com- 
ing in  contact  with  a  ground  object 
while  working  on  the  energized  cir- 
cuits. Our  object  is  to  determine  the 
safety    or    hazard    of    guy    wires    of 


22  000  volts  or  above  with  reference 
to  the  accidental  contact  of  persons  or 
animals  with  them.         R.  L.  K.  (w.  v.\. ) 

We  believe  the  majority  of  transmis- 
sion lines  of  22000  volts  or  over  carried 
on  wood  poles  do  not  have  an  insulator 
in  the  guy  wire.  The  line  insulator 
should  be  of  sufficient  capacity  so  that 
the  insulation  value  of  the  pole  need  not 
be  considered.  An  anchor  to  be  of  any 
value  must  be  located  far  enough  be- 
neath the  surface  of  the  ground  so  that 
the  guy  wire  is  much  more  perfectly 
grounded  than  a  person  standing  on  the 
surface,  so  that  there  should  be  very 
little  danger  of  shocks  due  to  contact 
with  a  guy  wire.  There  may  be  special 
cases  where  it  is  desirable  to  insulate  the 
.guy  wire  of  a  transmission  line,  but,  in 
general,  we  see  no  necessity  of  this  pre- 
caution. G.  M.  E 

1361 — If   the   fields   of   an   alternating- 
current     generator     are     interchanged 
while  the   machine   is   shut  down  will 
the  phase  relations  be  correct  for  par- 
alleling with  the  bus,  or  must,  with  a 
three-phase    unit,    two    of    the    alter- 
nating-current leads  be  interchanged? 
R.  B.  G.  (calif.) 
Reversing  the  field  current  of  an  al- 
ternating-current generator  reverses  the 
phase   of   the   current   and   voltage,   but 
does  not  change  the  phase  relations  of 
voltage  in  the  different  phases.     There- 
fore,   the    generator    may    be    paralleled 
after    the    field    leads    have   been    inter- 
changed  by  the  usual   methods  of   syn- 
chronizing.     However,    if    two    of    the 
armature     leads     are     interchanged     the 
phase  relations  of  the  several  generator 
phases    will    be    changed,    which    would 
prevent  paralleling.  L.  .\.  b. 

1362 — Why  does  an  uninsulated  steel 
alternating  -  current  generator  slot 
wedge  cause  trouble  by  heating?  If  a 
small  amount  of  insulation  is  placed 
between  the  laminations  and  the 
wedge  no  heating  will  occur ;  hence  it 
seems  to  me  that  the  trouble  must  be 
caused  by  the  wedge  short-circuiting 
the  laminations.  R.  B.  G.  (c.\lif.  ) 

Placing  an  uninsulated  steel  slot  wedge 
in  an  armature  short-circuits  the  lamina- 
tions and  provides  a  path  of  low  resist- 
ance for  the  flow  of  the  induced  eddy 
currents.     This   defeats   the  purpose   of 
laminating  the  armature  iron  in  order  to 
insure    high    resistance    in    the    path    of 
the  eddy  currents.     Provided  the  wedge 
is  insulated  from  the  iron  the  loss  due 
to  short-circuiting  the  armature  lamina- 
tions  is   eliminated,   but  there   is   still   a 
loss  present  caused  by  the  iron  loss  in 
the  wedge  itself.     This  loss  is  dependent 
on  the  design  of  the  wedge,  but  is  much 
less   than   the   total  loss   caused  by  the 
combination   of   the   loss    in   the   wedge 
and  the  loss  due  to  the  short-circuiting 
of  the  laminations  by  the  wedge.        R.  K. 
1363  —  Paralleling   Alternators  —  As- 
suming that  four  2000  kw  generators 
are  normally  operated  in  parallel,  is  it 
permissible  to  parallel  them  by  bring- 
ing   them    to    norma!    speed,    closing 
their  respective  field   and  alternating- 
current  switches,  and  building  up  the 
field  uniformly  on  each  by  the  exciter 
field  rheostat?     It  must  be  understood 
that  there   is   no   current   on   the   bus 
when    the    generators    are    connected 
thereto.     Will   the    above    method    of 
operation    subject    the    generators    to 
greater   strains   than   paralleling   them 
in  the  usual  manner,  sometimes  a  few 
degrees  out  of  phase?     R.  b,  G.  (c.\LiF.) 


The  generators  will  parallel  by  the 
above  method  if  the  fields  are  uniformly 
and  slowly  built  up  after  the  line 
switches  are  closed.  The  maximum 
cross  current  between  the  machines  will 
occur  when  the  generator  voltages  are 
in  phase  and  in  the  same  directions. 
This  current  is  approximately  equal  to 
the  sustained  short-circuit  current  of 
one  of  the  .generators.  However,  this 
maximum  value  of  cross  current  will 
only  last  for  a  short  period,  as  the 
torque  tending  to  pull  the  generators  in 
voltage  opposition  with  each  other  is  a 
maximum  when  the  cross  current  be- 
tween generators  is  a  maximum.  This 
method  of  paralleling  is  more  severe 
than  where  the  generators  are  synchron- 
ized within  a  few  degrees  before  paral- 
leling. L.  .\.  B. 

1364  —  Rewinding    A.C.    Motors  —  I 

have  an  article  clipped  from  the  Jour- 
nal of  May.  1911,  on  "Winding 
Dynamo-Electric  Machine  XII,"  by 
Mr.  M.  W.  Bartmess.  This  has  always 
been  a  very  interesting  and  helpful 
article  for  me.  Lately  I  have  been 
very  busy  converting  alternating-cur- 
rent machines  from  no  or  220  volts, 
two-phase  to  three-phase,  by  rewind- 
ing entirely,  as  reconnected  machines 
have  not  proved  very  satisfactory ; 
also  2300  volt  machines.  Some  of 
these  machines  are  small  and  some  as 
large  as  150  horse-power.  I  would 
like  very  much  to  know  Mr.  Bart- 
mess' method  of  figuring  sizes  of  wire, 
turns  necessary,  number  of  coils,  etc. 
I  realize,  of  course,  that  some  ma- 
chines cannot  be  readily  changed  and 
that  on  some  I  may  be  handicapped  on 
account  of  slot  sizes,  etc.,  but  I  would 
like  to  know  what  ought  to  be  used  if 
the  design  were  worked  out  for  a  new- 
machine,  and  then  possibly  I  can  make 
a  suitable  and  satisfactory  change  to 
suit  each  special  condition. 

G.  H.  T.  (TEXAS) 

(a)  A  two-phase  motor  which  is  suit- 
able for  reconnection  for  three-phase,  if 
reconnected,  should  be  operated  on  an 
equivalent  three-phase  voltage  equal  to 
approximately  125  percent  the  two-phase 
voltage.  That  is,  if  a  220  volt,  two- 
phase  motor  is  connected  in  three-phase 
star  it  should  be  operated  on  272  volts, 
if  connected  in  delta,  on  157  volts.  Since 
a  change  in  voltage  is  obtained  by  a  cor- 
responding change  in  number  of  effec- 
tive turns  (e.  g.,  connecting  in  parallel 
for  half  voltage)  it  is  evident  that  a 
220  volt,  three-phase  motor  should  have 
81  percent  (220  -f-  272)  of  the  number 
of  turns  of  a  220  volt,  two-phase  motor. 
Assuming  the  same  resulting  efficiency 
and  power-factor,  the  three-phase  cur- 
rent will  be  2  -h  '\/ 3  times  the  two- 
phase  current  for  the  same  load,  or  15 
percent  greater.  Hence  to  keep  the 
same  current  density  it  would  be  neces- 
sarj-  to  increase  the  section  of  the  cop- 
per 15  percent.  As  this  is  not  practi- 
cable except  in  some  cases  of  strap 
windings,  and  also  since  81  percent  of 
the  number  of  turns  of  the  next  size 
larger  wire  will  require  appro-ximately 
the  same  slot  space  as  the  original  coil, 
it  is  common  practice  to  use  one  size 
larger  wire  for  a  three-phase  motor  than 
is  used  for  the  corresponding  two-phase 
motor.  One  size  larger  wire  has  26  per- 
cent larger  section  and,  other  features 
being  equal,  should  give  a  slightly  cooler 
motor  with  somewhat  increased  torques. 
The  various  features  to  be  taken  into 
account  in  laying  out  a  winding  for  a 
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new  machine  are  too  numerous  to  be 
considered  in  the  Question  Box.  It  is 
best  to  assume  that  the  designer  in  lay- 
ing out  the  motor  in  question  has  taken 
these  points  into  consideration,  and  to 
use  the  results  as  embodied  in  the  ex- 
isting winding  as  a  basis  for  the  new 
winding.  Refer  also  to  Mr.  A.  M.  Dud- 
ley's article,  "Reconnecting  Induction 
Motors,"  in  the  Journ.'vi,  for  February, 
1916.  M.  w.  B. 

1365 — Kind  of  Current— Where  direct 
and  alternating  current  both  are  used 
in  a  building,  what  test  can  I  make  to 
distinguish  these  currents? 

T.  s.  F.  (ill.) 

Two  simple  methods  of  determining 
whether  the  wires  carry  alternating  or 
direct  current  are  as  follows  : — i — A 
direct-current,  permanent  magnet  type 
voltmeter  will  indicate  the  voltage  on 
direct  current,  but  on  alternating  cur- 
rent only  a  slight  vibration  of  the  needle 
will  be  noted.  (Care  should  be  taken  to 
put  a  suitable  multiplier  in  series  with 
the  voltmeter  if  the  line  voltage  is 
greater  than  the  full  scale  reading  of  the 
instrument).  2 — If  an  incandescent  car- 
bon lamp,  the  filament  of  which  is  free 
to  vibrate,  is  placed  across  the  line  (in 
series  with  the  necessary  resistance,  or 
on  the  secondary  of  a  transformer  if 
the  line  voltage  is  greater  than  that  for 
which  the  lamp  was  manufactured),  a 
good  size  permanent  horseshoe  magnet 
will  cause  the  filament  to  be  deflected 
to  one  side  or  the  other  in  the  case  of 
direct  current,  while  the  filament  will 
vibrate  at  a  high  frequency  if  the  cur- 
rent through  the  filament  is  alternating. 
A.  w.  p. 

1366  —  Flood  Lighting  —  Please  de- 
scribe the  method  of  illumination 
known  as  flood  lighting,    r.b.  g.  (calif.) 

Flood  lighting  consists  in  lighting  the 
exterior  of  a  building,  of  certain  archi- 
tectural features,  of  a  billboard,  or 
other  object  by  means  of  searchlights. 
The  most  common  method  at  the  pres- 
ent time  is  to  use  Mazda  C  lamps  with  a 
very  concentrating  type  of  mirrored  re- 
flector. By  locating  these  searchlights 
suitably  the  architectural  features  of  a 
building  may  be  brought  out  promi- 
nently at  night  without  bringing  the 
sources  of  illumination  into  the  ordinary 
line  of  vision.  c.  R.  R. 

1367  —  Adjustable-Speed   Motor  —  On 

what  part  of  the  magnetization  curve 
is  an  adjustable-speed  motor  worked 
that  has  a  speed  adjustment  from  400 
to  1200  r.p.m.,  and  what  would  be  its 
regulation  on  high  speed? 

A.  H.D.  (dIST.  of  col.) 

An  adjustable-speed  motor  having  a 
speed  variation  from  400  to  1200  r.p.m. 
when  operating  at  minimum  speed  is 
worked  at  or  slightly  above  the  knee  or 
sharpest  bend  of  the  magnetization 
curve.  At  maximum  speed  it  operates 
with  one-third  the  maximum  speed  flux, 
that  is,  on  the  straight  part  of  the  mag- 
netization curve.  The  regulation  of  the 
motor  at  high  speed  should  be  5  to  IS 
percent.  See  article  in  this  issue  by  Mr. 
H.  L.  Smith.  r.  l.  w. 

1368 — Circulating  Current  —  What  is 
the  magnitude  of  the  circulating  cur- 
rents in  a  bank  of  identical  trans- 
formers, Y-delta  and  delta-delta? 
What  is  the  magnitude  of  the  differ- 
ence in  potential  found  on  opening  one 
corner    of    a    delta   bank   of    identical 


transformers  both  delta-delta  and  V- 
delta  (i.  e.,  opening  through  a  high- 
resistance  voltmeter)  ?  M.  s.  G.  (CALIF.) 
The  current  that  circulates  in  a  three- 
phase  bank  of  transformers  with  iden- 
tical characteristics,  with  balanced  three- 
phase  sine  wave  voltage  impressed,  is 
principally  the  triple  frequency  part  of 
the  magnetizing  current  that  is  neces- 
sary to  produce  a  sine  wave  voltage.  .\ 
small  amount  of  ninth  and  fifteenth  har- 
monic currents  will  also  circulate,  but 
these  are  small  compared  with  the  third. 
The  magnitude  of  the  necessary  third 
harmonic  component  of  magnetizing 
current  to  produce  a  sine  wave  voltage 
varies  considerably  in  different  sizes  and 
different  designs  of  transformers.  It 
probably  never  exceeds  three  percent  of 
the  normal  full-load  current  of  one  unit 
of  the  bank.  If  the  bank  of  trans- 
formers is  connected  star-delta,  all  of 
the  third  harmonic  current  will  circulate 
in  the  delta  side,  and  if  the  bank  is 
magnetized  on  the  star-connected  side, 
an  ammeter  placed  in  the  corner  of  the 
delta  will  indicate  the  magnitude  of  the 
circulating  current.  If  a  high-resistance 
voltmeter  be  connected  in  the  corner  of 
the  delta  then  the  required  amount  of 
third  harmonic  current  cannot  flow,  and 
the  voltmeter  will  indicate  approxi- 
mately the  sum  of  the  third  harmonic 
voltages  in  the  three  phases,  which  are 
due  to  the  absence  of  the  necessary  third 
harmonic  component  of  magnetizing  cur- 
rent. The  sum  of  these  third  harmonic 
voltages  should  not  exceed  50  percent  of 
the  normal  phase  voltage.  If  the  bank 
is  magnetized  on  the  delta  side,  an  am- 
meter connected  in  the  corner  of  the 
delta  will  indicate  approximately  the 
same  current  as  when  the  bank  was 
magnetized  from  the  star  side.  A  high- 
resistance  voltmeter  connected  in  the 
corner  of  the  delta  when  the  bank  is 
magnetized  on  the  delta  side  virtually 
converts  the  connection  into  an  open 
delta  or  V  on  the  primary  side.  For 
this  connection  a  large  part  of  the  third 
harmonic  current  is  drawn  from  the  line 
and  the  voltmeter  will  indicate  a  con- 
siderably less  voltage  than  when  the 
bank  was  magnetized  on  the  star  side. 
If  the  bank  of  transformers  is  con- 
nected delta-delta,  then  part  of  the  third 
harmonic  current  will  circulate  in  the 
primary  and  part  in  the  secondary  sides 
of  the  bank.  Therefore,  in  order  to 
measure  the  magnitude  of  the  circu- 
lating current,  two  ammeters  should  be 
used, — one  connected  in  a  corner  of  the 
primary  and  one  in  a  corner  of  the  sec- 
ondary. The  sum  of  these  two  readings, 
after  taking  the  ratio  of  transformation 
into  account,  should  be  approximately 
the  same  as  for  the  star-delta  bank,  k 
voltmeter  placed  in  a  corner  of  one  side 
of  a  delta-delta  connected  bank  will  in- 
dicate approximately  zero  voltage,  as 
the  third  harmonic  current  will  then  all 
circulate  in  the  delta  into  which  no  volt- 
meter has  been  connected.  If  two  volt- 
meters are  used,  one  in  the  primary  and 
one  in  the  secondary,  then  the  voltmeter 
readings  should  be  approximately  the 
same  as  for  the  star-delta  connected 
bank  when  magnetized  on  the  delta  side. 
J.  F.  p. 

1369  —  Rectifier  Trouble  —  I  have  a 
Wesinghouse  vibrating  rectifier  and 
have  a  little  trouble  with  the  charging 
current.  The  rectifier  will  deliver 
eight  amperes  for  a  short  time  and 
then   will    drop   back   to    about    three. 


and  then  if  we  turn  the  current  off, 
and  turn  it  back  on.  it  will  not  deliver 
any  current.  This  charging  current 
cannot  be  depended  upon  to  charge 
the  batter}',  because  part  of  the  time 
it  has  eight  amperes  and  part  of  the 
time  is  not  anything.  Will  you  please 
explain  what  can  be  done  to  remedy 
the  trouble?  E.  E.  M.  (mich.) 

The  vibrating  rectifier  is  a  device 
which  depends  for  proper  operation  on 
the  correct  timing  of  the  vibrating  arm- 
ature with  reference  to  the  applied  alter- 
nating voltage.  The  control  springs  are 
so  adjusted  as  to  make  the  normal  nat- 
ural frequency  of  the  armature  some- 
what below  that  of  tha  line  on  which 
the  outfit  is  to  be  applied.  In  case  the 
adjustment  is  disturbed,  or  the  parts 
wear  sufficiently  to  change  the  armature 
frequency,  the  vibration  is  liable  to  be- 
come erratic  and  the  current  delivered 
on  the  direct-current  side  may  be  de- 
creased in  value  or  even  reversed.  The 
cure  for  a  condition  of  this  sort  is  the 
readjustment  of  the  control  springs  and 
contacts,  which  may  be  done  as  fol- 
lows:— Loosen  the  clamping  screws  in 
the  four  binding  posts  on  wliich  the  sta- 
tionary contacts  and  fibre-tipped  screws 
are  mounted.  After  turning  back  the 
contact  screws  until  considerable  sep- 
aration exists,  advance  the  fibre-tipped 
screws  in  such  a  manner  as  just  to  make 
contact  with  the  control  springs,  keeping 
the  armature  parallel  to  the  front  edge 
of  the  slate.  Turn  each  of  these  screws 
approximately  three-quarters  of  a  turn 
further.  See  that  the  separation  be- 
tween the  alternating-current  magnets 
and  the  ends  of  the  armature  is  about 
one-eighth  of  an  inch  on  each  side. 
Tighten  the  clamping  screws  to  lock  the 
fibre-tipped  screws,  .\dvance  the  con- 
tact screws  until  contact  is  just  made, 
and  then  turn  back  approximately  one- 
quarter  turn.  The  adjustment  is  now 
approximately  correct,  and  it  is  neces- 
sary to  make  only  minor  adjustments  to 
make  the  operation  entirely  satisfactory. 
The  adjustments  which  may  be  required 
are  slight  changes  in  the  contact  separa- 
tion and  changes  in  the  position  of  the 
slide  on  the  adjustable  resistor.  See 
also  article  on  "The  Vibrating  Recti- 
fier," by  Mr.  Q.  A.  Brackett,  in  the 
Journal  for  December,  1912,  p.  1094. 

A.  L.  A. 

1370 — Charging  Current — If  a  trans- 
mission line  operated  at  150  kilovolts 
requires  a  charging  capacity  of  6000 
k.v.a.,  what  charging  k.v.a.  would  be 
necessary  if  the  voltage  were  changed 
to  60  kv?  R.  B.C.  (calif.) 

The  charging  current  of  a  line  varies 
directly  as  the  impressed  voltage  or 
Id  =  ST^JBoC.  In  the  above  we  under- 
stand that  line  spacing  will  remain  un- 
changed, so  that  the  only  variable  will 
be  £0  or  impressed  voltage.  The  charg- 
ing k.v.a.  will  vary  as  the  square  of  the 
voltage,  so  that  for  60  kv  the  charging 
k.v.a.  will  be  950  for  a  line  having  6000 
k.v.a.  at  150  kv.  f.  c.  h. 

1371  —  Transformer  Power-Factor  — 

What  is  the  no-load  power-factor  of 
an  average  2000  k.v.a.  2200/88  000  volt 
transformer?  R.  B.  c.  (calif.) 

The  average  no-load  power-factor  of 

such  a  transformer  is  approximately  15 

to  20  percent,  lagging,  and  for  25  cycles 

approximately  10  to  15  percent,  lagging. 

J.  F.  P. 
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HOLDING  COMPANY  SECURITIES 
Some  time  ago  an  authority  on  public 
utility  investments  estimated  that,  of  the 
outstanding  securities  of  operating  com- 
panies in  the  electric  light  and  power 
industry,  in  excess  of  82  percent  were 
owned  by  holding  companies,  while 
more  than  66  percent  of  the  securities 
of  operating  gas  companies  were  held 
by  holding  companies,  with  81  percent 
of  the  securities  of  electric  street  and 
interurban  railways  also  owned  by  the 
holding  corporations  of  this  country. 
Thus  of  more  than  $8000000000  of  se- 
curities of  the  corporations  operating 
electric  light  and  power,  natural  and  ar- 
tificial gas  and  electric  street  and  inter- 
urban railways  of  the  country  more  than 
$6  240  000  000,  or  in  excess  of  78  percent, 
are  owned  by  the  modern  public  utility 
holding  companies.  There  are  approxi- 
mately 150  of  these  holding  companies, 
the  securities  of  which,  previous  to  the 
outbreak  of  the  present  war,  were  being 
eagerly  purchased  by  European  in- 
vestors as  well  as  by  those  of  this  coun- 
try. Since  the  outbreak  of  the  war  hun- 
dreds of  millions  of  dollars  of  these  se- 
curities have  been  returned  to  this  coun- 
try, but  the  market  has  absorbed  them 
without  great  shock,  and  today  the  se- 
curities of  the  public  utility  holding 
companies  of  the  country  are  more 
widely  held  by  the  investors  of  the 
United  States  than  ever  before. 

It  may  appear  somewhat  strange,  but 
it  is  a  fact,  nevertheless,  that  it  was  the 
organization  of  the  holding  company 
which  has  made  possible  the  wide  dis- 
tribution and  the  great  gain  in  favor  of 
electric  light  and  power  and  other  pub- 
lic utility  securities  in  the  last  few  years. 
So  far  as  the  local  operating  companies 
were  concerned,  their  securities  were 
usually  closely  held,  and  if  distributed 
at  all  were  held  only  by  men  in  the  im- 
mediate vicinity  of  the  property.  In  the 
case  of  the  holding  company,  the  securi- 
ties, representing  a  light  and  power 
plant  in  the  north,  a  gas  plant  in  the 
south,  a  hydro-electric  development  in 
the  west  and  a  street  or  interurban  rail- 
way in  the  middle  west,  may  be  held  by 
men  in  sections  of  the  country  as  widely 
separated  as  the  properties  on  which 
they  are  issued.  The  holder  of  these 
securities  is  interested  in  the  progress 
of  every  locality  in  which  each  of  the 
properties  of  the  holding  company  is  lo- 
cated, and  the  wide  distribution  of  tlie 
securities  of  these  corporations  has  done 
much  towards  bringing  in  closer  rela- 
tionship the  various  sections  of  the 
country  from  an  investing  viewpoint. 

The  holding  corporation  for  public 
utility  properties  should  not  be  confused 
with  the  holding  companies  which  have 
gained  such  unenviable  notoriety  in  con- 
nection with  steam  railroads  and  indus- 
trial financing.  The  utility  holding  cor- 
poration movement  came  about  for  an 
entirely  different  reason,  and  has  grown 
to  its  present  proportions  in  the  public 
utility  field  because  of  the  fact  that 
through  it  plans  could  be  carried  out  for 
the  betterment  of  service  and  for  econ- 
omy of  financing  which  could  be  ob- 
tained in  no  other  way.  The  public 
utility  holding  company  in  the  first  in- 
stance was  an  attempt  to  apply  the  law 


lit  averages  to  public  utility  operation 
and  financing  based  on  the  theory  that 
business  conditions  could  not  be  de- 
pressed at  the  same  time  in  all  localities 
in  the  country.  It  was  figured  that  by 
securing  a  diversity  of  location  of  the 
utility  properties,  through  their  owner- 
ship by  a  holding  company,  a  stability  of 
earning  power  could  be  secured  and  that 
while,  as  an  example,  business  conditions 
might  be  bad  in  the  localities  in  the 
south  where  properties  were  located,  the 
reverse  would  be  true  with  the  northern 
properties ;  or  that  while  earnings  with 
western  utilities  might  fall  behind,  the 
operated  properties  in  the  eastern  sec- 
tion of  the  country  would  increase  their 
earnings  at  a  rate  which  would  make  up 
for  the  decrease  in  the  west. 

Experience  has  proved  this  theory  to 
be  sound,  and  in  practice  it  has  worked 
as  it  was  anticipated  it  would.  As  an 
instance  to  the  point,  in  1914  conditions 
were  bad  in  the  southern  states  and  util- 
ity earnings  in  that  section  were  not  up 
to  the  standard,  yet  a  large  utility  hold- 
ing company  which  owned  properties  in 
that  section  reported  an  average  rate  of 
gain  in  its  total  earnings  for  the  year. 
This  was  because  the  company  also 
owned  a  number  of  properties  in  Wis- 
consin, Minnesota,  the  Dakotas  and 
other  northern  states,  and  the  increased 
gains  at  these  properties  more  than  off- 
set the  decrease  in  the  southern  proper- 
ties. In  fact,  in  the  purchase  of  the 
preferred  and  common  stocks  of  public 
utility  holding  companies,  if  properly 
organized  and  with  operated  properties 
well  diversified,  the  investor  obtains  in 
effect  a  diversity  of  investment  which 
he  would  find  it  difficult  to  secure  in  any 
other  waj'. 

With  the  great  expansion  in  business 
of  utility  companies  in  the  last  fifteen, 
years,  it  was  found  that,  except  where 
the  properties  were  of  magnitude,  it  was 
difficult  to  do  financing  on  any  reason- 
able terms,  because  of  the  comparatively 
small  issues  of  securities  to  be  made  by 
any  one  property,  and  also  because  of 
the  limited  market  for  such  securities. 
With  the  combination  of  a  large  number 
of  these  small  properties,  the  holding 
company  could  make  a  blanket  issue  of 
securities  large  enough,  not  only  to  at- 
tract the  large  banking  houses  which 
would  buy  them  on  favorable  terms  for 
distribution  to  the  investor,  but  also  to 
enable  a  good  market  to  be  made  for 
the  issues.  But  more  than  all  other 
factors  was  the  opportunity  given  for_ 
the  centralization  and  standardization  of 
operation  of  utility  properties  and  the 
giving,  even  to  the  smallest  property,  the 
benefit  of  high-class  engineering  and 
operating  supervision.  This  was  made 
possible  through  the  organisation  by  the 
holding  companies  of  engineering  and 
operating  departments  composed  of  the 
best  talent  obtainable.  In  this  manner 
it  is  possible  for  the  holding  company  to 
give  to  the  utility  located  in  a  town  of 
10 000  people  as  high  a  class  of  engi- 
neering and  operating  supervision  as  is 
rendered  the  utility  located  in  the  larg- 
est city  of  the  country.  As  a  separately 
operated  property  the  small  utility 
would  find  the  cost  of  such  expert  ad- 
\  ice  and  assistance  far  beyond  its  means. 
Iiut  as  a  member  of  the  operated  group 


of  the  public  utility  holding  company 
this  expert  supervision  is  given  it  as  a 
right.  In  addition,  methods  of  opera- 
tion, accounting,  merchandising  and 
other  factors  in  the  life  of  the  compa- 
nies are  standardized  and,  so  far  as  pos- 
sible, equipments  at  the  various  proper- 
ties are  also  of  one  standard.  Many 
economies  are  inaugurated  in  operation 
and  financing,  and  at  the  same  time  all 
endeavors  are  turned  towards  giving  the 
best  possible  service  to  each  coinmunity. 

It  will  be  found,  if  an  analysis  is 
made  of  the  advance  in  operating 
methods  and  earning  power  of  the  util- 
ity companies  of  the  country  over  the 
last  ten  years,  that  the  properties  oper- 
ated under  centralized  holding  company 
management  have  been  the  leaders  in 
substantially  every  factor  in  this  ad- 
vance. They  were  the  first  to  take  up 
the  systematic  campaign  for  new  busi- 
ness ;  they  were  the  ones  to  push  the 
sale  of  the  lamp  socket  household  elec- 
tric appliances,  and  today  they  are  lead- 
ing in  almost  every  line  of  the  utility 
industry. 

Of  the  holding  companies  operating 
properties  along  the  lines  of  modern 
financing,  engineering  and  operating 
practice,  American  Light  &  Traction 
Company  was  practically  the  first.  There 
were  other  holding  companies  with  large 
investments  in  the  securities  of  indi- 
vidual properties  previous  to  that  time, 
Init  they  were  almost  wholly  financing 
companies,  and  the  operation  of  the  sep- 
arate properties  controlled  by  them  was 
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not  centralized,  each  property  being  oper- 
ated individually.  The  success  of  Amer- 
ican Light  &  Traction  Company  led  to 
the  organization  of  a  number  of  other 
corporations  on  the  same  lines.  Among 
those  which  have  been  most  successful 
are  Cities  Service  Company,  organized 
by  Henry  L.  Doherty  &  Co.;  American 
Gas  &  Electric  Company,  controlled  by 
General  Electric  interests:  Northern 
States  Power  Company,  organized  by  H. 
M.  BvUesby  &  Co.:  United  Light  & 
Railways  Company.  Middle  \\est  Ltili- 
ties  Company,  Public  Service  Corpora- 
tion of  New  Jersey,  United  Gas  Im- 
provement Company.  North  American 
Company,  American  Power  &  Light  and 
other  companies  under  control  of  the 
Electric  Bond  &  Share  Company;  Corn- 
monwealth  Power,  Railway  &  Light 
Companv;  Ohio  Cities  Gas,  United  Gas 
&  Electric  Corporation,  and  a  number  ot 
others.  With  almost  all  of  these  com- 
panies the  preferred  stocks  are  good  in- 
vestment issues  and  the  common  stock 
possesses  most  attractive  speculative 
possibilities.  American  Light  &  Trac- 
tion has  sold  above  $400  for  the  $100 
shares,  American  Gas  &  Electric  at  $145 
for  the  $50  shares.  Cities  Service  Com- 
pany at  $360  for  the  $100  shares,  and  in 
the  "case  of  the  others  the  stocks,  while 
not  having  had  these  extreme  advances, 
have  made  material  progress  in  market 
value  above  their  price  at  time  of  issue. 
Where  the  collateral  trust  bonds  of  these 
companies,  if  such  have  been  issued,  are 
based  on  first  mortgage  bonds  of  the 
underlying  properties,  they  enjoy  a  high 
rating  "as  investments,  while  where  they 
are  based  on  the  stocks  of  the  operated 
properties  they  are  rated  as  fair  invest- 
ments, but,  of  course,  not  of  a  grade 
with  those  which  have  bonds  as  their 
collateral.  There  is  a  steadily  widening 
market  for  the  securities  of  these  utility 
holding  companies,  and  in  making  up  a 
list  of  utility  issues,  either  for  invest- 
ment or  for  more  speculative  possibili- 
ties, these  securities  should  not  be  over- 
looked. 

The  centralization  of  management 
and  financing  and  the  standardization  of 
operating  methods  and  of  equipment  are 
being  reflected  in  the  steadily  growing 
earning  power  of  these  syndicate-con- 
trolled' properties,  and  it  has  been  due  to 
them  more  than  to  any  other  factor  in 
the  electric  light  and  power  industry 
that  such  rapid  progress  has  been,  and  is 
being,  made  in  this  industry. 


ELECTRICAL  EARNINGS  IN 
FIRST  HALF  OF  1916 

Predictions  made  soon  after  the  open- 
ing of  the  current  year  that  earnings  of 
the  electrical  public  utilities  of  the 
country  would  make  new  high  records 
in  1916  are  being  borne  out  by  the  re- 
ports so  far  received  for  the  first  six 
months  of  the  year.  The  rate  of  gam 
in  earnings  is  the  highest  in  the  history 
of  the  electrical  industry,  and  it  must 
be  remembered  that  this  rate  of  gain  is 
predicated,  not  as  in  the  case  of  almost 
all  other  industries  of  the  country  on  a 
heavy  falling  off  in  earnings  in  the  first 
half  of  1915,  but  that  with  the  electric 


service  industry  the  first  half  of  191 5 
showed  a  fair  rate  of  gain  over  the  first 
six  months  of  ipM-  The  effect  of  the 
depressed  business  conditions  of  the 
first  half  of  1915  in  the  case  of  electrical 
utilities,  as  a  whole,  \vas  to  decrease  the 
rate  of  gain  in  revenues,  but  at  the  same 
time  their  earnings  were  above  those  for 
the  first  half  of  the  preceding  year.  It 
now  begins  to  appear  that  the  estimate 
of  $400000000  for  total  revenues  of  the 
electric  light  and  power  industry  for 
1916  will  be  too  low,  and  that  this  esti- 
mate will  have  to  be  revised  upwards  if 
earnings  for  the  first  half  of  the  year 
may  be  taken  as  a  basis  for  the  full 
year.  While  figures  for  the  entire  in- 
dustry for  the  first  half  have  not  been 
received,  enough  have  been  received  to 
indicate  that  in  the  first  six  months  of 
1916  total  revenues  of  the  electric  light 
and  power  industry  of  the  country  were 
well  above  $200000000. 

Some  of  the  companies  which  are  now 
reporting  show  phenomenal  gains  over 
the  first  half  of  1915.  Virginia  Railway 
&  Power  Company  reported  11  percent 
gain  in  gross  and  12.6  percent  gain  in 
net ;  Louisville  Gas  &  Electric  Company. 
12  percent  gain  in  gross  and  23.5  percent 
gain  in  net ;  Cleveland  Electric  Illuminat- 
ing Company  made  a  gain  of  9  percent 
in  gross  and  4  percent  in  net ;  Wisconsin 
Edison  Company,  Incorporated,  reported 
10.7  percent  gain  in  gross  and  1 1.6  per- 
cent in  net:  Public  Service  Corporation 
of  New  Jersey,  the  largest  public  utility 
in  total  earnings  of  any  in  the  country, 
reported  13.3  percent  gain  in  gross  and 
more  than  33  percent  gain  in  surplus: 
Western  States  Gas  &  Electric  Company 
reported  5  percent  increase  in  gross  and 
4  percent  increase  in  net ;  Pacific  Gas  & 
Electric  Company,  despite  the  loss  of  the 
revenues  from  the  Panama-Pacific  Ex- 
position, reported  an  increase  of  15  per- 
cent in  gross,  with  a  small  decrease  in 
net,  owing  to  much  larger  maintenance 
and  depreciation  charges;  Duqucsne 
Light  Company,  of  Pittsburgh,  increased 
its  gross  17  percent  and  its  net  15  per- 
cent; Great  Western  Power  Company, 
of  California,  made  a  gain  of  24.4  per- 
cent in  gross  and  19.5  percent  in  net; 
Commonwealth  Power,  Railway  &  Light 
Company,  covering  a  large  part  of  Mich- 
igan, with  properties  in  Ohio,  Indiana, 
Kentuck>'  and  Illinois,  reported  an  in- 
crease of  18.3  percent  in  gross  and  of 
18.2  percent  in  net,  while  Consumers 
Power  Company,  of  Michigan,  made 
gains  of  24  percent  in  gross  and  of  18.6 
percent  in  net. 

The  combined  earnings  of'  the  utility 
properties  operated  under  management 
of  H.  M.  Byllesby  &  Co.,  including 
plants  in  about  fifteen  states,  showed 
gains  of  9  percent  in  gross  and  of  II 
percent  in  net :  Northern  States  Power 
Company  gross  increased  19.4  percent 
for  the  first  six  months  of  1916  over 
the  corresponding  period  of  1915,  while 
net  increased  19.3  percent :  Appalachian 
Power  Company  gross  gained  28  percent 
and  net  56  percent,  while  gross  of  Re- 
public Railway  &  Light  Company  gained 
32.7  percent  and  net  46.3  percent:  Pacific 
Light  &  Power  Corporation  reported  a 
gain  of  13  percent  in  gross  and  12.5  per- 
cent  in    net,    and    gross    of    Twin    Cit\' 


Rapid  Transit  is  running  10  percent 
ahead  of  1915;  American  Power  &  Light 
Company  gross  gained  "  percent  and 
net  10  percent,  and  United  Light  &  Rail- 
ways Company  gross  increased  10  per- 
cent and  net  12  percent ;  Utah  Securities 
Corporation  gross  was  14  percent  ahead 
of  the  first  six  months  of  1915,  and  net 
gained  25  percent ;  United  Gas  &  Elec- 
tric Corporation  gross  increased  10  per- 
cent and  net  15  percent,  while  combined 
gross  of  American  Cities  Company  is 
gaining  at  a  rate  of  10  percent  and  net 
at  about  the  same  amount. 

Advance  estimates  from  other  leading 
electric  light  and  power  companies  indi- 
cate that  they  are  sharing  equally  as 
largely  in  the  prosperity  of  the  industry, 
and  there  is  no  doubt  that  both  gross 
and  net  revenues  for  1916  of  the  com- 
panies will  be  by  far  the  highest  of  any 
year  in  the  history  of  the  central  station 
industry.  The  steadily  advancing  prices 
of  the"  securities  of  these  companies 
show  what  a  factor  these  large  gains  in 
earnings  are  in  the  market  position  of 
their  stocks  and  bonds  and,  with  a  con- 
tinuance of  similar  gains  over  the  last 
half  of  the  current  year,  it  seems  cer- 
tain that  in  addition  to  the  great  gains 
being  made  in  their  revenues  there  will 
be  recorded  almost  equally  as  large  per- 
centages in  the  market  quotations  of 
their  securities. 


WEST  PENN  TRACTION 

West  Pcnn  Traction  makes  a  favor- 
able statement  for  the  month  of  June 
and  the  first  half  of  the  year.  In  June 
gross  earnings  increased  22  percent,  but 
on  account  of  higher  operating  expenses 
and  charges  only  a  small  amount  of  this 
increase  was  saved  for  the  surplus.  For 
the  six  months  surplus  amounted  to 
$4;oo8i,  an  increase  of  $207226.  This 
surplus  was  at  the  rate  of  58  percent 
per  annum  on  the  $1  625  000  West  Penn 
Traction  6  percent  preferred  stock  and. 
after  allowing  for  the  dividends  on  this 
stock,  the  balance  was  at  the  rate  of 
12.4  percent  on  the  $6500000  preferred 
stock  of  the  West  Penn  Traction  & 
Water  Power  Company,  or  at  the  rate 
of  6  percent  on  this  latter  stock  and  2 
percent  on  the  common  stock  of  the 
same  company.  It  is  understood  that 
the  West  Penn  Traction  Company 
charged  off  $150000  more  for  deprecia- 
tion in  the  first  six  months  this  year 
than  last,  the  charge  being  covered  in 
operating  expenses.  The  latest  state- 
ment follows : — 

June,  1916  Increase 

Gross  earnings,  all  sources.. .  1514  013  J9S  87(> 

Operating  expenses 253  577  66889 

Neteamings 260  43S  28987 

Taxes. 22066  3106 

Balance 238  369  25  880 

Fixed  charges  and  dividends 

of  sudsidiary  companies . .  173  392  20764 

Surplus  earnings 64  976  5  1 16 

Six  months  ended  June  30. 

Gross  earnings,  all  sources. . .  $2  957  040  Js69  378 

Operating  expenses i  366  082  242  204 

Net  earnings I  590  9S8  327  173 

Ta.xes 130  398  16  637 

Balance I  460  559  3IOS36 

Fixed  charges  and  di\idends 

of  subsidian-  companies .  .  I  010  477  I03  309 

Surplus  earnines  450  081  207  226 


THE    ELECTRIC   JOURNAL 


■\^ 


PERSONALS 

Mr.  W.  R.  Armstrong,  general  man- 
ager and  chief  engineer  of  the  Salt  Lake 
&  Utah  Railroad,  has  been  appointed 
engineer  maintenance  of  way  of  the 
LTnion  Pacific  Railroad,  with  offices  at 
Omaha.  Mr.  Armstrong  went  with  the 
Salt  Lake  &  Utah  in  1913.  A  descrip- 
tion of  this  line  and  others  in  Utah,  as 
prepared  by  him,  was  published  in  the 
Journal  for  October,  1915. 


Mr.  G.  A.  Trube,  managing  director 
of  the  French  Westinghouse  Company, 
has  recently  been  appointed  export  man- 
ager of  the  Westinghouse  Air  Brake 
Company  and  Westinghouse  Traction 
Brake  Company,  with  headquarters  at 
Pittsburgh,  Pa.  Mr.  Trube  has  had  a 
wide  foreign  experience,  having  been 
associated  with  the  Westinghouse  Air 
Brake  Company  and  the  Westinghouse 
Electric  interests  for  many  years  both 
in  this  country  and  abroad.  He  went  to 
England  in  1900,  where  he  made  his 
headquarters  until  1912,  when  he  was 
transferred  to  Paris. 


Mr.  J.  E.  Saunders,  formerly  elec- 
trical engineer  of  the  Union  Switch  & 
Signal  Company,  Swissvale,  Pa.,  has 
been  appointed  assistant  chief  engineer. 
Mr.  C.  R.  Beall  succeeds  Mr.  Saunders 
to  the  position  of  electrical  engineer. 
Mr.  W.  P.  Neubert  has  been  appointed 
mechanical  engineer.  All  appointments 
effective  August  I. 


Mr.  E.  S.  Zuck,  of  the  general  engi- 
neering department  of  the  Westing- 
house Electric  &  Mfg.  Company,  East 
Pittsburgh,  has  resigned  to  enter  the 
new  business  department  of  the  Bridge- 
ton  Electric  Company,  at  Bridgeton,  N. 
J.,  which  is  operated  by  the  American 
Railways  Company. 


Mr.  Axel  J.  Stahl,  of  Stockholm, 
Sweden,  has  recently  incorporated  an 
organization  to  be  known  as  A.  J.  Stahl 
&  Co.  to  carry  on  general  engineering 
work.  Mr,  Stahl  was  formerly  with  the 
General  Electric  Company,  of  Schenec- 
tady, and  later  with  the  British  Thomp- 
son-Houston Company,  Limited,  and 
more  recently  was  chief  electrical  engi- 
neer for  Graham  Bros,  in  Stockholm. 


Mr.  K.  H.  Rohrbaugh,  formerly  pub- 
licity representative  of  the  Westing- 
house Electric  &  Mfg.  Company  at  the 
Philadelphia  office,  has  been  transferred 
to  East  Pittsburgh  to  be  associated  with 
the  Dealers'  Help  Division  of  the  Pul)- 
licity  Department. 


Mr.  J.  S.  Hob?on,  general  sales  man- 
ager of  the  Union  Switch  &  Signal 
Companj',  has  been  appointed  western 
manager  in  charge  of  the  Chicago,  St. 
Louis  and  San  Francisco  offices,  with 
headquarters  in  Chicago. 


Mr.  B.  O.  Austin,  formerly  of  the 
engineering  department  of  the  Westing- 
house Electric  &  Mfg.  Company,  and 
more  recently  with  Gilbert  C.  White, 
consulting  engineer,  Durham,  N.  C,  has 
opened  a  consulting  engineering  office 
at  Charlotte,  N.  C. 


Mr.  C.  E.  Denney,  assistant  general 
sales  manager  of  the  Union  Switch  & 
Signal  Company,  has  been  appointed  as- 
sistant to  president,  with  headquarters 
Et  SMic.vale,  Pa. 


Mr.  Edward  P.  Burch,  consulting  en- 
gineer of  Minneapolis,  Minn.,  has  been 
appointed  to  represent  the  city  of  Cleve- 
land in  the  valuation  of  the  Cleveland 
Electric  Illumination  Company. 


Mr.  C.  E.  Thompson  has  entered  the 
employ  of  Westinghouse  Electric  & 
Mfg.  Company's  San  Francisco  office  as 
treasurer's  accounting  representative. 


Mr.  F.  AL  Murphy,  sales  manager  of 
the  Bates  Expanded  Steel  Truss  Com- 
pany, Chicago,  111.,  has  resigned  to  enter 
other  business. 


Mr.  L.  G.  Sliepard,  electrical  engineer 
of  the  Federal  Sign  System  (Electric) 
Company,  of  Chicago,  111.,  has  resigned 
to  enter  the  employ  of  the  Milwaukee 
Western  Fuel  Company,  Milwaukee. 
\Wh. 


The  Pennsylvania  Electric  Associa- 
tion, State  Branch  of  the  N.E.L.A.,  will 
hold  its  ninth  annual  convention  at 
Eagles  Mere.  Pa.,  September  5  to  9. 
1916. 


TR.\DE  NOTES 

The  Morse  Chain  Company,  of  Ithaca, 
N.  Y.,  has  increased  its  stock  from 
$400000  to  $1  500000  for  the  purpose  of 
extending  its  equipment  in  buildings, 
etc.  This  company  started  in  business 
at  Trumansburg,  N.  Y.,  in  1904.  In  1906 
it  moved  to  a  new  factory  in  Ithaca 
twice  as  large  as  the  former  one.  In 
1912  it  again  became  necessary  to  en- 
large and  the  floor  space  was  more  than 
doubled.  Present  plans  contemplate 
again  doubling  the  size  of  the  plant. 
When  these  buildings  are  completed  the 
Morse  Chain  Company  will  have  a  total 
floor  space  of  approximately  seven 
acres,  devoted  exclusively  to  the  manu- 
facture of  Morse  rocker-joint  power 
transmission. 


The  S  K  F  Bail-Bearing  Company,  of 
Hartford,  Conn.,  has  recently  published 
a  very  elaborate  handbook  entitled  "Bet- 
ter Electric  Motors."  This  contains  not 
only  some  unusual  descriptive  matter, 
handsomely  illustrated,  but  also  goes 
into  details  as  to  comparative  efficiencies 
of  different  types  of  bearings,  savings  in 
lubrication,  bearing  sizes  and  rules  for 
completing  and  mounting  ball-bearings. 
Some  of  the  topics  of  special  interest 
are  "How  Maintenance  Charges  Are  Re- 
duced 66  Percent"  and  "Motor  Lengths 
Shortened  10  to  27  Percent."  This  liook 
has  been  copyrighted  by  the  S  K  F  Bail- 
Bearing  Company,  who  will  gladly  send 
copies  to  those  interested  on  request. 


The  Union  Switch  &  Signal  Company, 
(General  Railway  Signal  Company.  Fed- 
eral Signal  Company  and  Hall  Switch 
":  Signal  Company  have  entered  into  a 
cross-licensing  agreement  under  the  sev- 
eral patents,  applications  for  patents  and 
inventions  owned  by  them  respectively, 
copies  of  which  agreement  have  been 
filed  with  the  Department  of  Justice  and 
tlie  Federal  Trade  Commission.  The 
]  urpose  of  this  agreement  is  to  end  pat- 
ent litigation  between  the  several  com- 
panies and  to  put  each  in  a  position  to 
make  the  safest  and  most  effective  types 
of  signaling  and  interlocking  systems 
and  apparatus. 


The  Westinghouse  Lamp  Company  is 
distributing  a  small  booklet  entitled 
"Cash  for  Your  Ideas,"  describing  a 
scheme  which  it  has  evolved  to  secure 
interesting  stories  of  salesmen's  experi- 
ences in  the  selling  of  incandescent 
lamps.  Prizes  are  offered  for  excep- 
tional contributions.  A  copy  of  this 
booklet  can  be  obtained  by  addressing 
the  company  at  165  Broadway,  New 
^'ork  City. 


The  Spray  Engineering  Company,  93 
Federal  street,  Boston,  Mass.,  has  re- 
cently published  its  Bulletin  No.  201, 
which  describes  the  "Spraco"  system  for 
cooling  condensing  water.  Numerous 
interesting  illustrations  of  important  in- 
stallations are  shown,  with  data  as  to 
actual  results  obtained.  Detailed  de- 
scription is  also  given  of  the  design  of 
the  nozzles  used  and  of  the  arrange- 
ment of  sprays.  In  this  system  the  hot 
water  is  cooled  by  spraj'ing  it  into  the 
air,  so  that  when  it  falls  into  the  cooling 
pond  or  basin  its  temperature  is  suf- 
ficiently reduced  to  be  used  over  again. 
.\  power  plant  can  thus  be  located  con- 
venient to  a  fuel  supply  or  distributing 
center  without  considering  the  con- 
densing water  supply.  Where  space  is 
limited  this  system  can  also  be  installed 
on  the  roofs  of  buildings.  Copies  of  this 
publication  will  be  sent  on  request. 


The  Pelton  Water  Wheel  Company, 
of  San  Francisco,  has  recently  published 
its  Bulletin  No.  9,  which  describes  and 
illustrates  its  Pelton-Doble  centrifugal 
pumps.  These  pumps  have  been  a 
product  of  this  company  for  over  10 
\ears  and  have  been  built  in  many  de- 
signs for  a  great  variety  of  applications. 
Copies  of  this  bulletin  will  be  sent  on 
request. 


The  Electric  Storage  Battery  Com- 
pany, of  Philadelphia,  has  just  published 
its  Bulletin  No.  159  on  "Storage  Battery 
Mine  and  Industrial  Locomotives."  In 
addition  to  details  regarding  this  type 
of  battery,  numerous  illustrations  are 
shown  of  typical  mine  locomotive  in- 
stallations. Copies  of  this  bulletin  will 
he  sent  on  request. 


The  industrial  department  is  the  new 
name  for  the  commercial  sales  division 
of  the  Hyatt  Roller  Bearing  Company, 
Newark,  N.  J.  This  department  is  lo- 
cated in  Newark  with  the  factory.  The 
time  is  coming  fast  when  all  through 
the  industrial  world  the  truth  of  the 
anti-friction  proposition  will  be  accepted 
just  as  it  has  been  accepted  bj'  the  auto- 
mobile builder.  And  for  that  reason  the 
industrial  department  of  the  Hyatt 
Roller  Bearing  Company  is  preparing  to 
meet  conditions.  Already  the  question 
that  a  great  many  manufacturers  are 
deciding  in  regard  to  the  bearing  situa- 
tion is  what  kind  of  anti-friction  bear- 
ing is  the  best  for  the  line  shaft  bo.Kes, 
industrial  trucks,  mine  cars,  machine 
tools,  electric  motors,  cement  machinery, 
cranes  and  trolleys,  textile  machinery, 
blowers  and  fans  and  conveyors.  These 
manufacturers  know  that  the  anti-fric- 
tion bearing  must  be  a  necessary  part  of 
these  products  in  order  to  assure  maxi- 
mum efficiency.  Probably  never  has  any 
industry  done  as  much  to  revolutionize 
manufacturing  as  did  the  automobile  in- 
dustry. And  during  this  revolutioniza- 
tion   the  importance   of   the   anti-friction 


THE    ELECTRIC   JOURNAL 


bearing  was  brought  forth.  The  motor 
car  as  it  is  known  today  would  not  be 
practical  were  it  not  for  anti-friction 
bearings.  What  the  anti-friction  bear- 
ing did  for  the  automobile  industry  it 
can  do  for  the  other  lines  of  manufaa- 
ture.  No  piece  of  machinery  that  re- 
quires revolving  parts  is  performing  its 
best  work  unless  revolving  parts  turn 
without  unnecessary  friction. 


HUBBELL  FOCUSING,  DISTRIB- 
UTING AND   INTENSIVE 
REFLECTORS 

Three  new  Hubbell  reflectors  have 
just  been  placed  on  the  market.  They 
are  classified  as  focusing,  distributing 
and  intensive.  Fig.  i  shows  the  focus- 
ing type  for  60  watt  lamps ;  Fig.  2,  the 


FOCUSING,    DISTRIBUTING   AXD   INTENSIVE 
REFLECTORS 

distributing  type  for  100  watt  lamps ; 
Fig.  3,  the  intensive  type  for  100  watt 
lamps. 

Intensive  reflectors  are  primarily  de- 
signed for  the  lighting  of  large  areas, 
though  they  may  be  used  to  advantage 
in  illuminating  a  group  of  machines  by 
centrally  suspending  them  from  drop 
cords,  thus  reducing  the  distance  be- 
tween the  unit  and  the  floor  and  intensi- 
fying the  light  within  the  required  area. 

The  focusing  type  is  recommended 
for  localized  illumination  of  high  inten- 
sity over  a  small  area.  The  smaller 
units  are  particularly  adapted  for  bench 
work  where  small  articles  are  assem- 
bled or  where  vises  are  used. 


The  distributing  type,  as  its  name  im- 
plies, is  intended  for  general  illumina- 
tion in  factories  or  warehouses. 

All  of  these  reflectors  are  equipped 
with  the  standard  Hubbell  contractile 
collar  holder,  making  the  use  of  a  sep- 
arate shade  holder  unnecessary.  The 
maker  is  Harvey  Hubbell,  Inc.,  Bridge- 
port, Conn. 


A.E.R.A.  CONVENTION 

The  1916  convention  of  the  American 
Electric  Railway  Association  is  to  be 
held  on  Young's  Million-Dollar  Pier, 
Atlantic  City,  October  9-13.  It  is  ex- 
pected that  there  will  be  an  unusually 
large  attendance  at  this  convention. 


NEW  BOOKS 

"Business  Psychology" — Hugo  Munster- 
berg.  296  pages,  flexible  leather  bind- 
ing. Published  by  La  Salle  Extension 
University,  Chicago. 
In  this  book  Professor  Munsterberg 
attempts  to  give  a  working  understand- 
ing of  psychology  to  the  modern  busi- 
ness man.  Those  who  fancy  that  busi- 
ness affairs  should  be  treated  in  the 
snappy  way  of  ordinary  business  litera- 
ture will  be  disappointed  in  this  work. 
Such  gingery  talks  as  are  usually  offered 
to  business  men  are  entertaining  and 
sometimes  stimulating,  but  a  thorough 
understanding  of  business  conditions 
can  be  gained  only  by  serious  study. 
The  first  half  of  the  volume  hardly 
speaks  of  buying,  selling,  advertising 
and  selecting  workers.  It  is  believed 
that  this  apparently  unpractical  study  is 
needed  if  the  latter  sections  of  the  dis- 
cussions are  not  to  hang  in  the  air. 
Among  some  of  the  final  chapters  arc 
those  on  vocational  fitness,  individual 
mental  traits,  selection  of  individuals 
and  mental  tests. 


"Standards  for  Electric  Service" — Cir- 
cular No.  56.  Issued  by  the  Bureau 
of  Standards,  Department  of  Com- 
merce, Washington,  D.  C. 
In  the  preparation  of  this  circular  tlic 
bureau  had  the  very  cordial  and  helpful 
assistance  of  committees  representing 
the  N.E.L..\.  and  A.E.I,  companies.  The 
joint  meter  committee  of  these  associa- 
tions gave  the  bureau  much  time,  and 
through  subcommittees,  criticised  and 
made  suggestions  on  various  parts  of 
the  circular,  both  in  its  manuscript  form 
and  in  galley  and  page  proof.  Finally  75 
or  more  copies  in  final  page  proof  were 
submitted  to  Mr.  John  Lieb,  of  the 
X'ew  York  Edison  Company,  who,  act- 
ing for  the  associations  above  men- 
tioned and  the  A.I.E.E.,  distributed 
these  copies  rather  widely.  A  final  con- 
ference was  held  with  a  committee  rep- 
resenting the  operators,  who  thus  had 
opportunity  to  go  over  the  circular  in 
proof,  and  the  bureau  believes  the  cir- 
cular has  the  approval  of  the  industry 
as  represented  by  these  associations.  In 
addition  t*  this  very  cordial  co-opera- 
tion, the  public 
service  com  mis- 
sions throughout 
the  country  were 
consulted.  In  fact, 
nearly  every  com- 
mission was  vis- 
ited by  representa- 
tives of  the  bu- 
reau during  the 
course  of  prepara- 
tion    of     the     cir- 


cular, and  valuable  comments  and  crit- 
icisms received.  During  the  time  the 
circular  was  in  preparation,  service  rules 
were  adopted  by  half  a  dozen  or  more 
states,  among  them  Connecticut,  Illinois. 
Maryland.  New  Hampshire,  Oregon. 
Pennsylvania  and  West  Virginia,  and  in 
all  cases  the  bureau,  at  the  request  of 
the  commission,  made  written  sugges- 
tions on  the  proposed  rules,  and  in  a 
number  of  instances  attended  the  public 
hearings.  It  is  believed,  therefore,  that 
the  proposals  made  in  the  circular  rep- 
resent the  very  best  "accepted  good 
practice"  in  commission  regulations,  and 
that  the  circular,  as  a  whole,  will  be  of 
interest  and  value  to  public  service  com- 
missions, to  central  station  operators 
and  to  municipal  boards  and  commis- 
sions everywhere.  Chapter  I  discusses 
in  some  detail  the  factors  entering  into 
adequate  and  safe  electric  service.  Chap- 
ter II  is  essentially  a  specification  for 
the  acceptance  of  types  of  watthour 
meters  by  public  service  commissions 
and  is  a  revision  of  the  corresponding 
section  of  the  "Meter  Code."  This  rer 
vision  was  made  with  the  co-operation 
and  assistance  of  the  joint  meter  com- 
mittee, under  whose  auspices  the  "Code" 
was  developed.  Chapter  IV  is  an  ex- 
haustive compilation  of  all  public  ser- 
vice commission  rules  now  in  force, 
while  chapters  V  and  VII  are  proposed 
commission  rules  and  city  ordinances 
for  regulating  electric  service.  Interest- 
ing tabulations  of  various  kinds  are 
given  in  appendixes,  in  addition  to  ex- 
tracts from  public  service  commission 
laws.  Copies  of  this  circular  may  lie 
obtained  through  the  director  of  the  Bu- 
reau of  Standards,  Mr.  S.  W.  Stratum. 


THE   VAUGHN   FLOW   METER 

The  Spray  Engineering  Company  has 
recently  placed  on  the  market  a  simple 
and  efficient  instrument  for  indicating 
the  flow  of  liquids  in  pipes,  under  the 
designs  and  patents  of  Mr.  J.  F. 
Vaughn.  This  meter  is  especially  appli- 
cable to  water-cooled  transformers, 
boiler  supply  water,  lubricating  refrig- 
erating and  heating  systems,  etc.  The 
instrument  consists  of  a  cylindrical 
chamber,  including  a  slotted  tube 
through  which  the  liquid  must  pass. 
Enclosed  in  this  tube  is  a  piston  which, 
as  the  liquid  passes  through,  is  raised 
until  the  exposed  area  of  the  slots  is 
sufficient  to  allow  the  flow  of  the  liquid. 
The  index  at  the  top  indicates  directly 
the  flow  of  liquid  in  gallons  per  minute. 
An  electrical  device  can  also  be  used,  if 
desired,  to  signal,  by  lamp  or  bell,  when 
the  amouxt  of  liquid  flow  exceeds  or 
falls  below  a  prearranged  amount.  The 
loss  of  head  in  operating  this  instrument 
is  practically  negligible,  and  the  indi- 
cator has  been  found  to  be  quite  accur- 
ate under  tests.  Circulars  and  further 
information  may  be  obtained  by  ad- 
dressing the  manufacturers.  The  Spray 
Engineering  Company,  93  Federal  street, 
Boston,  Mass. 


A     helpful    Boohfor 

practicXlT 
electric 

WIRING 

BY  JOHN   M.  SHARP 


Amateurs    and 


Professionals 


An  extremely  practical  handbook  for 
amateurs,  and  a  reference  book  for  pro- 
fessionals, explaining  clearly  and  com- 
prehensively how  to  install  a  safe  sys- 
tem of  electric  wiring  and  what  to  do  if 
anything  gets  out  of  order.  Over  200 
illustrations.  Price  »i.oo  net.  By  mail 
»i.io.  For  Sale  at  all  booksellers  or 
direct  from  the  publishers. 
D.  Applelon  &  Co..  35  W.  32.1  St..  New  York 
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The  Trend  of     "^^  ^^^  "°^  witnessing  the  beginning 
_,         .  of   a   notable  and,   it  is  believed,  an 

Electric  ,         ,  .  ,  •      ^i.  r 

epoch-making   change    in   the   use   ot 

rower  electric  power,  due  largely  to  the  won- 

Developments  derful  development  and  economy  of 
the  steam  turbine  and  its  direct-connected  electric  gen- 
erator, and  the  remarkably  flexible,  efficient  and  easy 
distribution  of  electric  power.  The  manufacturers  of 
steam  turbines  of  large  size  are  having  their  extreme 
capacity  for  production  of  such  machines  taxed  to  the 
limit.  This  very  large  demand  is  caused  by  the  great 
improvement  in  economy  of  these  large  machines  over 
those  of  smaller  size,  causing  the  replacing  of  small  by 
large  turbines,  and  also  a  great  demand  for  more  elec- 
trical power  on  account  of  the  present  large  expansion 
in  industrial  requirements.  Both  of  these  causes  are 
bringing  about  a  rapid  enlargement  of  central  power 
stations. 

The  capacity  of  large  central  stations  to  handle  ser- 
vice requiring  power  in  large  and  irregular  amounts, 
which  is  impracticable  in  smaller  stations,  is  another 
condition  which  is  still  further  adding  to  the  demand 
upon  such  large  central  stations  and  causing  more  large 
steam  turbines  to  be  built.  Thus  fluctuating  loads,  too 
large  for  a  small  station,  may  be  entirely  practicable 
when  the  station  capacity  is  amply  large.  Power  re- 
quirements of  electrified  steam  railroads  and  rolling  mill 
electrifications,  for  example,  with  their  sudden  changes 
in  load  and  large  motor  units,  are  readily  handled  only 
by  a  large  power  station. 

In  addition  to  the  increased  efficiency  due  to  more 
economical  units  and  the  increased  capacity  from  con- 
centration of  a  number  of  very  large  generators  in  one 
central  station,  improvement  in  load  factor  has  also  re- 
sulted. This  comes  from  the  increase  in  the  diversity  of 
service,  making  it  possible  to  deliver  a  much  greater 
total  output  with  a  given  peak  capacity.  Improvements 
in  mechanical  stokers,  superheaters,  economizers  and 
other  adjuncts  to  the  boiler  plant  of  large  electric  sta- 
tions also  add  to  the  economy  of  electric  current  pro- 
duction in  these  large  power  plants. 

The  development  and  use  of  protecting  and  safe- 
guarding apparatus  is  greatly  stimulated  and,  in  fact, 
made  necessary  by  the  growth  in  size  of  electric  power 
stations.  Thus  a  short-circuit  on  a  looooo  kilowatt 
power  station  may  bring  about  conditions  so  severe  as  to 
be  beyond  the  limitations  of  any  known  switching  or 
circuit-breaking  apparatus.  In  order  to  prevent  such 
occurrences,  protective  apparatus,  normally  inert,  but 
which  comes  into  action  when  danger  threatens,  has 
been  developed  and  is  being  continually  improved. 


What  does  this  great  development  in  the  efficiency 
of  the  steam  turbine  and  increased  capacity  of  the  large 
central  station  portend? 

First — As  already  stated,  a  rapid  increase  in  the  use 
of  electricity  from  these  large  and  economical  power 
stations  in  all  kinds  of  industry  requiring  mechanical 
power. 

Second — The  rapid  development  of  the  use  of  elec- 
tricity in  reducing  certain  metals  such  as  aluminum,  etc., 
from  their  ores,  and  the  refining  of  metals  such  as  cop- 
per, as  well  as  the  use  of  electricity  in  tempering,  weld- 
ing and  forging  operations,  and  also  in  the  melting  of 
iron  and  steel. 

Third — The  steady  growth,  already  rapid,  of  the 
great  electrochemical  industry,  including  many  kinds  of 
products,  among  the  largest,  in  point  of  consumption  of 
electricity,  being  the  fixation  of  the  nitrogen  in  the  air, 
producing  valuable  fertilizer,  etc. 

Fourth — The  electrification  of  steam  railways.  The 
tendency  is  towards  standardization  of  transmission  and 
contact  systems.  This  development  is  slow  at  present 
but,  with  return  to  normal  prices  for  materials  and 
labor,  will  progress  rapidly. 

Fifth — The  electric  propulsion  of  steamships.  Be- 
ginning with  the  special  and  exacting  requirements  for 
cruising  and  maneuvering  of  naval  vessels,  the  propul- 
sion by  electric  power  is  now  found  to  be  also  advan- 
tageous in  very  large  vessels  for  the  merchant  marine. 
This  results  from  the  much  greater  steam  economy  and 
greatly  reduced  weight  of  the  high-speed  turbine  directly 
connected  to  an  electric  generator,  compared  with  either 
reciprocating  engines  or  turbines  directly  connected  to 
the  screw  propellers.  The  boilers,  steam  turbines  and 
generators  here  constitute  a  power  plant  on  shipboard 
which  can  be  placed  in  the  most  suitable  location,  regard- 
less of  the  location  of  shafts  to  screw  propellers,  as  these 
may  readily  be  fitted  with  adequate  electric  motors 
wherever  located. 

The  trend  of  electric  power  development  is,  therefore, 
distinctly  toward  the  building  of  larger  and  still  larger 
units  for  the  production  of  electricity  and  the  concentra- 
tion of  these  large  units  in  power  plants  of  tremendous 
capacity.  Such  plants  will  produce  electric  power  so 
cheaply  and,  when  several  are  operated  in  parallel,  so 
reliably  that  isolated  plants  cannot  compete,  resulting  in 
better  and  better  loading  conditions  and  still  better  pro- 
duction economies.  Central  station  energy  will  soon  be 
almost  universally  used,  isolated  power  plants  being  jus- 
tified only  when  exhaust  steam  can  be  used  in  place  of 
live  steam,  which  would  otherwise  be  required  for  heat- 
ing buildings  or  for  other  uses.  E.  M.  Herr 
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_,,     p  .        The   rapid   and   complete   disappear- 

ance  of  the  use  of  animal  power  on 
of  Railroad  ^^^^^^  railways  and  the  phenomenal 
Electrification  growth  of  the  electric  interurban  has 
led  to  the  popular  belief  that  the  supplanting  of  the  steam 
locomotive  is  to  be  a  similarly  rapid  development  involv- 
ing the  immediate  electrification  of  our  steam  railroads. 
This  cannot  be  the  case.  The  problems  are  widely  di- 
vergent. The  function  of  street  and  interurban  railways 
is  that  of  serving  the  convenience  of  their  passengers 
with  small  units  and  frequent  service.  In  steam  rail- 
roads the  passenger  service  is  generally  the  least  profit- 
able part  of  the  business  and  is  maintained  at  its  usual 
high  efSciency  by  the  requirements  of  public  conveni- 
ence and  demand.  There  can  be,  for  instance,  no  in- 
herent economic  justification  of  Pullmans,  limited  trains 
or  commodious  terminals. 

It  is  the  freight  traffic  which  furnishes  the  most 
profitable  revenue.  The  problem  of  the  steam  rail- 
roads, therefore,  is  to  secure  in  the  movement  of  their 
freight  the  utmost  that  efficiency  in  methods,  equipment 
and  facilities  will  produce.  The  United  States,  as  com- 
pared with  the  older  countries,  is  one  of  vast  distances. 
Hence  the  great  importance  of  cheap  freight  movement. 
The  natural  resources  are  prodigious  and,  while  the 
growth  of  traffic  of  the  country  has  been  phenomenal, 
the  ability  to  move  traffic  economically  has  not  kept  pace 
with  the  requirements  of  this  tremendous  growth.  In 
asking  a  prominent  official,  who  for  forty  years  was  con- 
nected with  one  of  the  greatest  railroads,  the  ultimate 
requirement  for  traffic,  his  response  was,  "I  don't  know. 
The  United  States  is  a  great  country  and  this  is  a  great 
railroad." 

The  revenue  per  ton-mile  for  the  heavy  tonnage 
products  is  amazingly  low,  and  efficiency  of  operation 
is  a  controlling  factor  in  the  country's  welfare.  The  in- 
crease in  capacity  of  rolling  stock  has  been  large ;  steel 
cars  of  great  capacity  are  now  in  use  and  those  of  still 
greater  capacity  are  considered ;  locomotives  have  been 
increased  in  capacity  to  correspond,  resulting  in  a  great 
increase  in  train  weights  and  the  more  efficient  use  of 
track  and  terminal  facilities. 

With  the  development  of  the  country,  the  ability  to 
increase  track  facilities  without  prohibitive  expense  is 
rapidly  disappearing.  The  further  cost  of  maintaining 
existing  facilities  on  account  of  the  great  increase  in 
taxes  is  also  becoming  a  great  burden.  The  economic 
problem,  therefore,  is  to  obtain  from  existing  facilities 
the  maximum  possible  service.  For  the  accomplish- 
ment of  this  the  answer  is  the  use  of  electricity. 

On  an  electrified  railroad  the  horse-power  which  may 
be  made  available  for  train  propulsion  is  almost  unlim- 
ited, permitting  corresponding  increases  in  speed  of 
trains  and  frequency  of  movement.  The  most  conspicu- 
ous example  of  this  is  the  Norfolk  &  Western  electrifi- 
cation of  the  Elkhorn  grade.  Here  steam  power  of  the 
highest  type — Mallet  engines,  mechanical  stokers  and 
superheaters — had  reached  the  limit  of  traffic  movement 
over  these  tracks,  yet  operators   on   this   section   state 


that  the  use  of  electric  locomotives  has  doubled  their 
track  capacity.  The  existing  electrifications  in  the  United 
States  have  been  dictated  by  a  variety  of  reasons,  among 
them  tunnel  operation,  legislative  enactment,  peculiar 
local  conditions,  public  opinion  for  passenger  service 
and,  in  two  cases,  congestion  of  traffic — the  Norfolk  & 
Western  for  freight  traffic  and  the  Pennsylvania  Rail- 
road at  Philadelphia  for  passenger  traffic. 

Of  several  alternative  methods,  the  estimates  of  cost 
are  practically  a  stand-off.  For  comprehensive  electri- 
fication, the  use  of  overhead  conductors  is  no  longer  a 
point  of  argument,  as  all  are  agreed  on  its  necessity. 
For  the  generation  of  power  in  both  hydro-electric  and 
steam  plants,  the  use  of  alternating  current  was  fixed 
long  ago.  For  the  economic  transmission  of  power  alter- 
nating current  has  been  standardized  for  years.  All  sys- 
tems are  common  in  these  respects.  The  secondary  dis- 
tribution and  conversion  may  be  accomplished  by  several 
methods,  as  may  the  details  of  the  locomotive  equipment. 

The  question  of  immediate  importance  is  to  secure 
great  concentration  of  power  in  a  locomotive  that  shall 
be  efficient  from  the  viewpoint  of  mechanical  construc- 
tion and  its  effect  upon  the  railroad  way  and  structures. 
By  necessity  the  steam  locomotive  happens  to  be  a  very 
excellent  mechanical  assembly  to  secure  ease  upon  the 
railroad  way.  The  boiler  and  cylinders,  comprising  the 
great  mass  of  the  engine,  necessarily  have  to  be  loosely 
mounted  on  springs  upon  the  driving  and  truck  wheels, 
securing  thereby  great  flexibility  and  high  center  of 
gravity.  The  American  track  structure  and  its  main- 
tenance have  kept  apace  with  the  increase  in  weight  of 
the  locomotive  assemblies.  The  electric  locomotive,  on 
the  other  hand,  has  no  such  inherent  necessities  of  as- 
sembly, and  consequently  more  service  and  experience 
is  apparently  necessary  to  determine  how  near  to  the 
drive  and  truck  wheels  the  motors  which  furnish  the 
prime  rotary  motion  may  be  assembled.  The  standardi- 
zation of  this  important  question  far  outweighs  any  dis- 
cussion as  to  details  of  electrical  design  or  systems  on 
locomotives  and  secondary  distribution.  With  con- 
tinued experience,  designs  should  come  to  more  or  less 
of  a  common  standard,  as  has  been  reached  in  street  rail- 
way motors  and  electropneumatic  control.  This  will 
secure  economies  in  construction,  so  that  the  disparity 
in  cost  per  pound  between  steam  and  electric  locomo- 
tives will  be  lessened. 

The  unit  cost  of  the  overhead  contact  system  will 
also  be  greatly  diminished  with  the  advent  of  more  sim- 
ple designs  of  construction  for  both  main  line  and  yard 
tracks.  The  importance  of  this  can  scarcely  be  over- 
estimated, as  the  unit  costs  are  so  enormously  multiplied 
in  any  large  mileage. 

It  is  not  anticipated  that  a  further  reduction  of  any 
material  extent  in  the  price  of  electric  power  can  be 
realized  in  these  days  of  increased  cost  of  service  and 
commodities.  Under  present  conditions  of  high  prices, 
advantage  has  been  taken  of  the  only  remaining  factor 
which  could  effect  a  reduction,  namely,  by  the  produc- 
tion of  large  units  of  improved  design. 
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It  is  assumed  that  an  increase  in  capacity  in  the  use 
of  railroad  facihties  is  to  be  the  essential  in  the  near  or 
immediate  future  on  many  railroad  properties.  It  is 
apparent  with  the  mounting  costs  of  materials  and  labor, 
the  increasing  burdens  of  legislation  and  taxes,  that  an 
increase  will  be  required  in  rates.  To  limit  the  amount 
of  this  increase  the  railroads  should  possess  financial 
ability  to  secure  the  highest  economy  of  increased  traffic 
movement,  i.  e.,  by  means  of  electrification.  It  is  a 
problem  deserving  of  the  most  serious  consideration  by 
public  opinion  to  secure  to  the  railroads  the  sinews  in 
the  way  of  financial  return  in  order  to  establish  the 
credit  needed  to  obtain  capital  underwritings.  Until 
public  opinion  secures  this  position  for  the  railroads 
there  can  be  no  extensive  electrification  of  railroads  and, 
obviously,  no  such  expansion  of  manufacturing  and 
engineering  facilities  as  is  required  for  the  establishment 
of  those  standard  methods  to  secure  the  highest  econo- 
mies of  design  and  manufacture  requisite  in  such  vast 
undertakings. 

The  electrical  manufacturers  are,  however,  hopeful, 
as  there  is  a  growing  belief  in  the  necessity  of  and  favor 
for  a  square  deal  for  the  railroads — the  greatest  poten- 
tial industry  of  the  United  States.       F.  H.  Shepard 


p  ,  The   past   twelve   months   have   wit- 

.  nessed  a  great  expansion  in  general 

ec  rica  business,  and  an  unprecedented  in- 
Raw  Materials  crease  in  the  values  of  nearly  every- 
thing which  enters  into  the  construction  of  electrical 
apparatus.  Raw  copper  and  steel  especially,  and  practi- 
cally every  other  material  that  is  employed  either  di- 
rectly or  indirectly,  now  command  prices  that  a  little 
more  than  a  year  ago  would  have  seemed  prohibitive 
and,  even  at  that,  the  materials  are  hard  to  obtain.  The 
question  in  everyone's  mind  is, — will  this  situation  con- 
tinue, and  if  so,  how  long?  There  is  no  doubt,  however, 
that  to  a  considerable  extent  the  high  price  of  copper 
and  steel  at  the  present  time  is  due  to  the  large  exports 
which  are  being  made,  either  in  the  shape  of  raw  ma- 
terial or  in  war  munitions.  Combined  with  this  heavy 
export  demand  is  the  easily  confirmed  fact  that  our 
domestic  demand  for  both  copper  and  steel  is  approxi- 
mately twice  as  great  today  as  it  was  two  years  ago. 
Two  peak  loads  have  been  superimposed  on  the  pro- 
ducers of  these  metals,  hence  the  seeming  scarcity  and 
high  prices. 

While  the  complexion  of  the  war  has  changed  ma- 
terially within  the  past  few  months,  according  to  such 
reports  as  have  come  to  us,  the  change  seems  to  be  one 
which  forecasts  an  increase  in  the  demand  for  steel, 
copper  and  war  munitions,  rather  than  a  decrea.se. 
Moreover,  neither  side  to  the  controversy  seems,  at 
least  at  the  present  time,  to  be  gaining  any  such  decisive 
advantage,  either  in  the  field  or  in  finance,  as  to  indicate 
an  early  termination  of  the  strife.  Best  authorities  indi- 
cate a  belief  that  it  will  continue  for  at  least  a  year,  and 
possibly  for  two  years  more.  It  would,  therefore,  seem 
a  certainty  that,  at  least  as  long  as  the  war  continues 


and  probably  for  a  time  after  the  cessation  of  hos- 
tilities, the  demand  for  copper,  steel  and  other  raw  ma- 
terials for  export  will  be  maintained  at  a  high  level. 
Our  domestic  demand,  further,  continues  to  be  fairly 
constant. 

Another  condition  which  has  a  very  important  bear- 
ing upon  the  cost  of  both  raw  material  and  the  finished 
products  at  the  present  time  is  the  greatly  increased 
wages  for  all  kinds  of  labor  which  now  maintains  in  this 
country,  due  largely  to  the  pure  question  of  supply  and 
demand.  The  simple  matter  of  the  relative  wages  of 
labor  is  not  the  whole  story  as,  on  account  of  the  limited 
supply  and  perhaps  some  other  causes,  the  efficiency  of 
the  labor  per  se  from  a  productive  viewpoint  is  materi- 
ally less  than  it  has  been  heretofore. 

Under  these  conditions,  we  believe  that  the  prospect? 
for  the  immediate  future  are  for  higher 'rather  than  for 
lower  prices  on  all  kinds  of  material  which  involve  the 
use  of  these  two  metals,  which  are  so  vitally  important 
to  the  electrical  industry.  C.  S.  Cook 


Developing       It    is    recognized    that    the    electrical 

Inspection       engineer  who  lacks  a  thorough  grasp 

J  of  mechanical  engineering  is  at  a  great 

.,   .  disadvantage  in  the  work-a-day  world 

Maintenance     ,  r    -.  •  r      ■  -.r  , 

ot    this    profession.      Years    ago    the 

Systems  writer,  while  on  electrical  construction 
work,  found  that  it  was  an  uphill  task  to  try  to  make  a 
mechanic  out  of  an  electrician-workman.  But  it  was 
comparatively  easy  to  make  an  electrician-workman  out 
of  a  good  machinist,  as  a  brief  course  of  instruction  re- 
sults in  a  real  electrical  construction  worker.  In  other 
words,  the  average  electrician  lacked  the  mechanical 
turn  of  mind.  He  had  no  adequate  conception  of  me- 
chanical laws.  It  is  this  class  of  electricians  that  con- 
tribute most  to  electrical  equipment  failures  on  electric 
railways. 

The  efficient  controller  inspector,  first  of  all,  should 
have  a  fair  machine  shop  training.  If  he  lacks  a  me- 
chanical turn  of  mind  he  will  seldom  make  a  good  elec- 
trical inspector.  The  electric  railways  must  have  efficient 
inspection  and  maintenance  systems  in  order  to  approach 
satisfactory  operation.  Such  a  system  insures  reliable 
performance  of  the  cars,  maintenance  of  schedules,  etc. 
It  also  reduces  costs.  Therefore  considerable  thought 
should  be  given  to  the  development  of  such  a  system, 
and  especially  to  the  training  and  development  of  young 
men  for  equipment  inspection  work. 

On  the  big  systems  it  is  comparatively  easy  to  de- 
velop men,  but  on  the  smaller  roads  it  is  more  diffi- 
cult and  apparently  is  being  neglected.  The  reason 
for  this  neglect  is,  without  doubt,  that  the  average 
railway  manager  on  this  class  of  electric  railway  prop- 
erties has  not  had  the  time  to  study  this  detail.  The 
caliber  of  the  control  and  motor  inspectors  is  left 
to  others,  and  the  others  have  to  be  content  with  the 
kind  of  men  such  jobs  attract.  This  is  why  so  many 
properties  have  to  look  to  other  roads  or  elsewhere 
to  get  a  man  if  their  control  inspector  quits.     Thou- 
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sands  of  technically  trained  boys  are  being  turned 
out  by  the  engineering  schools  every  year.  Where  are 
they  going?  They  line  up  for  the  big  manufacturing 
plants  and  big  steam  or  electric  railways ;  they  fight  shy 
of  the  smaller  electric  railway  properties.  In  this  they 
make  a  mistake.  They  would  unquestionably  secure 
better  all-around  experience  on  the  smaller  railways. 
However,  they  seem  to  feel  that  their  prospects  are  bet- 
ter with  the  big  concerns.  They  fail  to  realize  that  their 
competition  is  a  hundred  times  greater  in  the  race  for 
advancement  and  that  the  big  concerns  are  of  necessity 
divided  up  into  numerous  departments  and  they  must 
spend  months  in  each,  whereas  on  the  smaller  railways 
they  would  be  in  touch  with  all-around  experience  each 
day,  and  if  they  made  good  on  the  smaller  property 
their  opportunities  with  the  larger  ones  would  not  be 
lessened. 

We  all  know  that  technical  training,  no  matter  how 
acquired,  either  at  school  or  by  individual  effort,  is  in 
greater  demand  than  ever.  The  electric  railways  are  not 
getting  their  quota.  The  technically  trained  man  will 
not  pay  the  price  in  the  form  of  several  years  at  monot- 
onous routine  inspection  or  maintenance  work.  Railway 
managers  should  therefore  study  this  problem.  Several 
roads  have  apparently  solved  it  by  appointing  technically 
trained  men,  with  a  few  years'  practical  manufacturing 
experience  behind  them,  as  equipment  engineers  or 
assistants  to  the  master  mechanic  and  put  the  responsi- 
bility up  to  these  men  to  develop  and  train  all  classes  of 
inspectors,  of  course,  under  the  guidance  of  the  master 
mechanic.  This  work  attracts  thinking  college  men.  It 
is,  of  course,  expected  that  such  jobs  will  earn  a  big  re- 
turn on  the  investment,  as  the  duty  of  the  equipment 
engineer  is  to  investigate  all  leaks,  such  as  increasing 
maintenance  costs  of  this  or  that  detail,  such  as  bearings, 
brushholders,  etc.,  which  must  be  run  down  and  cor- 
rected. If  he  is  not  able  to  do  this  he  is  not  the  right 
man  for  the  job. 

With  a  fair  sprinkling  of  this  type  of  men  coming 
along  on  the  electric  railways,  efficiency  would  naturally 
increase.  The  railways  would  soon  begin  to  advance 
such  men  to  transportation  departments,  thence  to  man- 
agers. It  is  a  very  great  advantage  to  a  transportation 
superintendent  if  he  has  a  good  working  knowledge  of 
his  electrical  and  mechanical  equipment.  This,  of  course, 
applies  also  to  an  even  greater  degree  to  the  manager. 
Hence  it  would  seem  logical  to  advance  men  from  the 
mechanical  departments  to  the  transportation  depart- 
ments, where  they  would  acquire  the  important  faculty 
of  dealing  with  and  furnishing  service  to  the  public. 

Many  electric  railway  managers  of  today  grew  up  in 
transportation  departments  and,  as  a  result,  give  more 
thought  and  consideration  to  the  trafific  and  passenger 
departments  than  to  the  mechanical  departments,  when, 
as  a  matter  of  fact,  the  repair  and  maintenance  depart- 
ments should  be  the  nursing  ground  for  developing  men 
to  fill  positions  in  other  departments  where  knowledge 
of  track,  equipment,  signals,  etc.,  would  be  a  great  ad- 
vantage to  them.  Myles  B.  L.\mbert 


Electrification    For   several   years   the    Broad    Street 


the  Solution 

for  Congested 

Railway 


station  of  the  Pennsylvania  Railroad 
at  Philadelphia  had  become  more 
and  more  inadequate  for  handling 
the  growing  commuter  business.    The 

Service  point  was  finally  reached  where  elec- 

trification offered  the  only  solution  of  the  congested 
passenger  service  conditions.  A  searching  analysis  of 
the  situation  by  the  engineers  of  the  road  led  to  the 
iiooo  volt,  single-phase  electrification  of  the  Paoli 
branch  as  offering  the  logical  solution  for  the  immediate 
problem,  and  at  the  same  time  allowing  adequate  provi- 
sion for  future  expansion.  Eighty-five  trains  of  from 
three  to  eight  cars  each  are  now  being  operated  daily, 
and  the  service  involves  over  two  million  car-miles  an- 
nually. 

The  success  of  the  electrification  of  the  Paoli  branch 
has  led  to  the  extension  of  the  electrified  zone ;  the  work 
being  actively  pushed  on  the  Chestnut  Hill  branch. 

The  electrification  of  the  western  end  of  the  New 
York,  New  Haven  &  Hartford  Railroad,  although 
undertaken  originally  for  other  reasons,  is  today  a  fur- 
ther striking  illustration  of  the  practical  operation  of  a 
passenger  trafific  too  congested  to  be  handled  by  other 
than  electric  motive  power. 

The  complete  fulfillment  of  expectations  in  the  elec- 
tric haulage  of  their  passenger  trains,  and  the  available 
power,  led  the  New  York,  New  Haven  &  Hartford  Rail- 
road to  extend  the  electrification  idea  to  their  congested 
switching  yards,  at  Oak  Point  and  Harlem  River.  The 
ability  of  the  electric  locomotive  to  remain  for  long 
periods  in  continuous  service,  and  the  great  flexibility 
of  this  type  of  motive  power  in  action,  furnished  prompt 
relief  in  these  overloaded  yards,  and  the  tonnage  ofl^er- 
ing  has  been  handled  with  dispatch  and  satisfaction. 
The  freight,  as  well  as  the  passenger  and  switching  ser- 
vices of  this  road,  has  also  been  much  improved  by  the 
electric  locomotives. 

The  Norfolk  &  \\'estern  Railway  Company  has  for 
years  been  faced  with  a  demand  for  increased  capacity 
over  their  Bluefield  Mountain  Grade  Division.  Their 
steam  motive  power  has  been  kept  well  abreast  of  the 
times,  culminating  in  heavy  Mallet  locomotives  equipped 
with  superheaters  and  mechanical  stokers.  Their  roll- 
ing stock  was  also  second  to  none  in  the  percentage  of 
revenue  tonnage  in  the  train.  Nevertheless,  the  coal  de- 
velopment in  the  field  served  by  the  railroad  demanded 
a  still  more  efifective  outlet.  A  condition  was  reached 
some  three  years  ago  where  the  only  practical  relief 
seemed  to  lie  in  electrification.  Analysis  of  the  problem 
by  the  engineers  of  the  road  again  pointed  to  a  single- 
phase  installation,  and  electric  locomotives  were  con- 
structed capable  of  hauling  their  standard  trains  at  a 
speed  double  that  accomplished  by  the  Mallets. 

The  track  layout  and  train  movement  of  this  division 
make  it  practicable,  with  careful  dispatching,  to  efifec- 
tively  capitalize  the  higher  and  positive  speed  charac- 
teristics of  the  locomotives  supplied,  and  all  steam-haul- 
age records  of  this  "neck  of  the  bottle,"  and  therefore 
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of  the  entire  railroad,  have  been  far  surpassed  by  the 
records  estabHshed  with  electric  haulage.  In  addition 
to  establishing  a  new  standard  for  speed  of  mountain 
freight  drags,  this  installation  is  the  pioneer  demon- 
stration in  America  of  the  practical  value  of  regenera- 
tive control  on  the  down  grade.  It  is,  further,  the  first 
installation  in  the  world  where  polyphase  motors  have 
operated  commercially  under  a  single-phase  trolley  wire, 
and  it  stands  pre-eminently  alone  in  the  magnitude  of 
tonnage  handled  electrically. 

The  successful  installations  of  electric  motive  power 
in  congested  districts  and  in  all  three  main  branches  of 
railroad  service  are  a  positive  entering  wedge,  and  the 
near  future  will  undoubtedly  see  larger  units  and 
heavier  service  hauled  electrically.  These  further  elec- 
trifications, however,  must  be  undertaken  only  where 
thorough  financial  analysis  gives  justification.  Fortun- 
ately there  is  enough  of  this  legitimate  business  to 
occupy  the  full  attention  of  the  parties  interested  in  the 
production  of  electric  motive  power.       G.  M.  E.vton 


Central  ^^  '■'^^  outset  of  the  electric  railway 

_.    ..  ,     and   central  station   development,   the 

Stations  and  .,.  .  .  , 

two  utilities  were  serving  apparently 

ec  no  dissimilar   fields.      Each    appeared   to 

Railways  have  its  own  problems  to  work  out, 
and  the  solution  of  these  various  problems  was  a  neces- 
sary prelude  to  the  rendering  of  satisfactory  service, 
the  fundamental  necessity  for  any  utility  to  provide  if  it 
hoped  to  grow  and  expand.  It  was  only  natural,  there- 
fore, that  the  electric  railway  should  depend  on  its  own 
equipment  and  organization  for  a  source  of  power  sup- 
ply, since  the  central  station  at  the  outset  was  simply  a 
lighting,  rather  than  a  power  company.  As  a  result,  the 
two  utilities  for  many  years  had  power  systems  entirely 
independent  of  the  other.  When  alternating-current 
distribution  became  available,  the  electric  railways  in 
most  cases  selected  the  lower  frequency,  25  cycles,  as 
being  more  suitable  for  railway  work  with  apparatus 
and  ecjuipment  then  available.  The  central  stations,  on 
the  other  hand,  were  developed  mostly  with  a  frequency 
of  60  cycles,  which  was  considered  most  suitable  for 
lighting  service. 

As  the  business  grew,  the  power  load  became  from 
year  to  year  a  greater  factor  in  the  central  station  busi- 
ness, until  today  central  stations  are  primarily  power 
companies  and  the  lighting  is  to  some  extent  a  by- 
product. With  progress  in  the  art,  improvements  were 
effected  in  the  apparatus  and,  through  the  introduc- 
tion of  the  steam  turbine  into  universal  use  and  im- 
provements in  conversion  equipment,  such  as  rotary  con- 
verters and  motor-generators,  there  is  today  available 
for  power  supply  to  electric  railways  60  cycle  equipment 
comparable  to,  and  in  fact  equal  to,  the  well-established 
25  cycle  apparatus. 

The  electric  railways  have  for  sale  a  commodity- 
transportation.  They  are  organized  and  operated  with 
the  one  idea — selling  transportation.  Their  problem  is 
to  provide  transportation  for  public  consumption.     The 


problems  of  power  generation  are,  therefore,  necessarily 
incidental  and  not  their  principal  interest.  The  central 
station,  on  the  other  hand,  is  first  and  last  in  the  busi- 
ness of  manufacturing  and  selling  electric  power.  It  is 
a  specialist  in  this  field  and  is  organized  and  equipped 
to  render  service  in  the  disposal  of  its  commodity.  The 
combination  in  some  localities  of  companies  having  both 
electric  railway,  power  and  lighting  interests  empha- 
sized and  demonstrated  the  economic  advantages  of 
serving  all  classes  of  load  from  a  common  source. 

Having  the  precedent  of  a  few  cases  where  the  rail- 
ways and  power  systems  were  served  from  a  common 
generating  source,  it  was  inevitable  that  the  power  com- 
panies seeking  for  increased  load,  diversity  factor  and 
improvement  in  load  factor,  should  pick  on  the  electric 
railway  as  a  desirable  prospect.  There  are  numerous 
cases  in  this  country  where  urban  electric  railways  are 
purchasing  power  from  central  stations,  and  very  many 
interurban  roads  are  doing  likewise.  In  practically 
every  case  the  result  is  advantageous  to  both  parties  to 
the  agreement.  The  electric  railway  management  is 
relieved  of  power  generation  and  can  devote  its  entire 
attention  to  providing  transportation.  The  central  sta- 
tion has  secured  a  valuable  customer,  with  a  resultant 
improvement  in  its  system  load  factor.  Within  the  last 
year  two  interurban  roads  have  adopted  central  station 
service,  even  though  the  change  involved  a  change  of 
substation  equipment  to  utilize  60  cycle  power. 

Indications  seem  to  point  to  a  much  more  extensive 
getting  together  in  this  manner  in  the  near  future.  A 
careful  study  and  analysis  of  many  situations  will,  no 
doubt,  show  advantages  to  both  electric  railways  and 
central  stations  in  carrying  the  railway  load  on  the  gen- 
eral power  system.  E.  P.  Dillon 

On  September  i,  1916,  the  5000  volt 
car  equipment  on  the  Grass  Lake  Di- 
vision   of    the    Michigan    Railways 
Railway  Company,  which  was  described  in  the 

JouRKAL  for  October,  191 5,  completed  37000  miles  of 
commercial  operation,  of  which  30620  miles  were  made 
on  the  5000  volt  line.  Considering  the  radical  increase 
of  voltage  for  this  equipment  over  any  previously  tried 
in  commercial  service,  its  success  has  been  phenomenal. 
Aside  from  a  few  minor  mechanical  defects,  which  had 
nothing  whatever  to  do  with  the  voltage  of  the  equip- 
ment, the  troubles  may  be  summed  uj)  as  follows : — 

J — .Two  cases  of  grounded  main  resistance.  These 
both  occurred  very  early  in  the  winter,  during  a  heavy 
snowfall,  when  everything  under  the  car  became  covered 
with  wet  snow.  The  chief  cause  of  the  breakdown  was 
asbestos-covered  cable  used  for  the  resistance  leads. 
The  adoption  of  better  insulation  completely  cured  this 
trouble. 

_' — Three  cases  of  grounded  lower  commutating  field 
coils  occurred  during  the  spring,  due  to  water  entering 
the  motors  from  running  for  several  days  through  a 
pool  of  water  several  hundred  feet  wide  and  six  to  nine 
inches  above  the  top  of  the  rails.    These  field  windings. 


5000  Volt 
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being  always  connected  on  the  ground  side  of  the  arma- 
tures, were  insulated  with  the  usual  600  volt  insula- 
tion. It  was  found,  however,  that  with  all  of  the  field 
windings  in  series  and  the  battery  between  the  wind- 
ings and  ground  the  voltage  on  the  field  coils  at  starting 
occasionally  reaches  900  or  lOOO  volts.  A  better  and 
more  water-proof  insulation  was  the  remedy  for  this 
trouble. 

3 — One  armature  defect  caused  by  an  open  circuit 
in  a  lead.  This  burned  a  hole  in  the  armature  hood,  but 
when  the  armature  was  removed  for  repairs  it  stood  a 
test  of  12  000  volts  to  ground,  so  that  a  new  lead  was 
spliced  on  and  the  armature  returned  for  service.  This 
occurred  after  the  car  had  run  30  000  miles. 

4 — One  grounded  armature,  due  to  lightning  which 
struck  the  car  last  spring  a  few  days  after  a  44  000  volt 
transmission  line  had  dropped  on  the  trolley  and  de- 
stroyed the  car  lightning  arrester. 

5 — One  grounded  piston  insulator  in  one  of  the 
switch  groups,  due  to  the  same  cause  as  No.  4. 

There  have  been  many  reasons  why  the  car  could 
not  be  kept  in  service  continuously,  but  they  were,  for 
the  most  part,  due  neither  to  the  car  equipment  nor  the 
substation,  which  has  operated  successfully  throughout 
the  year.  However,  a  very  good  mileage  was  obtained 
during  the  worst  months  of  the  winter  season,  the  car 
operating  for  10  days  at  one  time,  19.5  hours  per  day, 
without  interruption,  and  the  fact  that  the  car  operated 
about  34000  miles  in  a  year  with  only  a  15  mile  sched- 
ule indicates  that  it  missed  very  few  opportunities. 

It  will  be  noted  that  there  were  no  cases  of  trouble 
from  flashing  or  from  short-circuits.  The  motors 
commutate  fully  as  well  as  high-class,  600  volt,  com- 
mutating-pole  motors  and  are  just  as  free  from  flashing. 
When  flashing  has  occurred,  as  it  has  a  few  times,  due 
to  such  causes  as  broken  brushholder  cables,  which  were 
suited  to  the  current-carrying  capacity  but  had  not  suf- 
ficient mechanical  strength,  the  damage  has  been  negli- 
gible. Furthermore,  in  no  case  have  the  switches  suf- 
fered in  the  least  from  opening  under  heavy  load  con- 
ditions. Of  course,  the  violence  of  a  short-circuit  is 
greatly  lessened  by  the  limited  capacity  of  the  sub- 
station and  the  regulation  of  the  transformers,  but  the 
performance  of  the  switches  under  regular  service  con- 
ditions is  such  as  to  give  great  confidence  in  their  ability 
to  operate  under  the  worst  conditions.  The  indications 
are  from  this  equipment  that  it  is  much  easier  to  handle 
high-voltage  current  than  an  equal  amount  of  energy  at 
low  voltage. 

The  auxiliary  equipment  has  been  a  complete  suc- 
cess, the  only  work  done  on  the  storage  battery  consist- 
ing of  the  addition  of  a  little  distilled  water  at  intervals 
of  about  ten  days.  The  battery  receives  the  most  of  its 
charge  from  operating  in  series  with  the  main  motors 
on  the  high-voltage  part  of  the  line,  but  the  equipment 
is  arranged  so  as  to  receive  a  charge  also  from  the 
trolley  when  operating  on  600  volts. 

One  of  the  greatest  annoyances  in  connection  with 
high-voltage,   direct-current  installations   is   flashing  in 


the  substations  resulting  from  short-circuits  on  the  line. 
It  is  well  known  that  up  to  date  it  is  impossible  abso- 
lutely to  prevent  flashing  on  commutating  apparatus, 
such  as  converters  or  generators,  in  case  of  excessive 
short-circuits.  These  difficulties  have  been  overcome  to 
such  an  extent  as  to  make  them  more  an  annoyance 
than  anything  else,  but  it  may  be  noted  that  the  suc- 
cessful development  of  the  mercury  vapor  converter  will 
entirely  eliminate  the  commutator  with  its  flashing 
troubles  from  the  substation.  It  will  also  lessen  the 
violence  of  short-circuits  by  introducing  the  trans- 
former, which  acts  as  a  buffer  between  the  power  sys- 
tem and  a  trolley.  It  is  to  be  hoped  that  the  completion 
of  the  development  of  this  valuable  apparatus  will  not 
be  much  longer  delaved.  Norm.\n  W.  Storer 


Train  ^^^  ^^^^  ^°^  °^  ^^  order  of  sixty  new 
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train    operation    have    recently    been 


placed  in  service  in  Toledo.  Up  to  the 
present  time  the  Public  Service  Railway  Company  of 
New  Jersey  is  possibly  the  only  urban  railroad  property 
in  the  country  where  the  coupling  of  surface  cars  into 
multiple-unit  trains  is  an  everyday  operating  condition. 
Considerable  credit  is  due  the  Toledo  Railways  &  Light 
Company  and  the  Henry  L.  Doherty  Company  for  their 
courage  in  incurring  the  necessary  extra  expense  for 
an  equipment  which,  while  having  great  possibilities  for 
economy,  yet  has  not  been  tried  in  this  particular  field 
on  a  very  extensive  .scale. 

From  the  standpoint  of  public  policy,  the  car  and  its 
crew  constitute  a  very  important  point  of  contact  be- 
tween the  railway  company  and  its  patrons.  The  gen- 
eral public  realizes  that  the  actions  of  the  crew,  while 
determined  largely  by  instructions  from  headquarters, 
are  governed  to  a  considerable  extent  by  individual  per- 
-sonality  and  thus  that  they  secure  through  conductor 
and  motorman  only  a  dimly  reflected  impression  of  the 
attitude  of  the  utility  management  toward  its  patrons. 
In  the  case  of  the  car  itself,  however,  the  riding  public 
recognizes  that,  in  such  important  matters  as  the  pur- 
chase of  rolling  stock,  the  policy  of  the  management  may 
be  seen  directly  in  the  types  of  cars  provided  and  in  the 
general  schedule  of  service.  As  a  means,  therefore,  of 
securing  a  satisfied  patronage,  well-designed,  scientifi- 
cally-constructed cars,  which  afford  easy  and  prompt 
entrance  and  egress,  have  quick  and  positive  acceleration 
and  deceleration,  which  are  provided  with  the  most  ap- 
proved devices  for  the  comfort  and  safety  of  passengers, 
are  certainly  a  form  of  investment  that  warrants  con- 
sideration from  a  broader  viewpoint  than  merely  that  of 
relative  first  cost. 

The  article  in  this  issue  by  Mr.  C.  A.  Brown  outlines 
the  circumstances  leading  up  to  the  decision  to  adopt 
train  control  in  Toledo  and  describes  the  cars  and  their 
equipment.  As  the  cars  are  just  being  delivered  it  will 
naturally  be  some  time  before  the  full  possibilities  of 
the  new  type  of  rolling  stock  are  realized. 

A.  H.  McIntire 


A  Discussion  of  Present  Conditions  in  the 
Electrical  Industry* 


E.  W.  Rice,  Jr. 

President, 

General  Electric  Company 


THE  electrical  manufacturing  business  during  the 
early  part  of  1913,  in  common  with  other  business 
in  this  country,  enjoyed  prosperity.  A  decline, 
however,  set  in  during  the  autumn  and  winter  months 
of  1913-14  which  was  accelerated  by  the  outbreak  of  the 
great  European  war  in  August,  1914.  Our  business  did 
not  show  marked  signs  of  revival  until  orders  placed  in 
this  country  for  the  belligerents  had  reached  a  consider- 
able volume.  Improvement  due  to  this  latter  cause  was 
noticeable  in  the  summer  of  1915,  and  by  autumn  of  that 
year  orders,  particularly  for  large  apparatus,  were  being 
received  in  unprecedented  volume ;  and  while  the  volume 
of  business  during  recent  months  has  shown  some  re- 
cession, orders  are  still  being  placed  at  a  rate  in  excess 
of  anything  in  our  previous  experience.  As  far  as  we 
have  been  able  to  observe,  this  condition  applies  not  only 
to  our  business,  but  to  practically  all  other  business,  par- 
ticularly in  the  field  of  machinery  and  metal  products. 

The  situation  which  I  have  described  has  brought 
about  general  manufacturing  conditions  which  are,  from 
a  production  standpoint,  extremely  unsatisfactory. 
Stocks  in  the  hands  of  manufacturers  and  dealers  in 
metals  and  machinery,  which  were  allowed  to  become 
depleted  owing  to  the  abnormal  reduction  in  business, 
were  quickly  exhausted  upon  its  revival.  All  manufac- 
turers and  dealers  in  such  materials  and  appliances  soon 
became  overwhelmed  with  orders,  and  consequently 
there  has  been  for  the  past  year,  and  still  continues  to 
be,  the  greatest  difficulty  in  obtaining  raw  materials  and 
equipment,  particularly  those  of  a  special  nature.  The 
denrnnd  for  copper  and  brass  materials,  iron  and  steel, 
sheet  steel,  castings,  forgings,  etc.,  has  for  some  time 
greatly  exceeded  the  capacity  of  the  producing  concerns 
in  this  country.  Promises  made  by  producers  of  raw 
materials  and  machinery  and  tools,  of  every  description, 
have  been  found  by  sad  experience  to  be  extremely  unre- 
liable, and  this  naturally  interferes  with  our  schedules  of 
manufacture  of  finished  goods.  There  is  little,  if  any, 
evidence  of  a  change  in  the  situation  in  the  immediate 
future,  and  we  anticipate  that  tremendous  difficulties 
will  continue  to  be  experienced  in  obtaining  raw  ma- 
terials. 

As  a  result  of  oversold  conditions,  prices  have  been 
advanced  to  unprecedented  figures.     For  example,  cop- 

*An  address  delivered  at  the  annual  convention  of  the 
Association  of  Edison  Illuminating  Company,  at  Hot  Springs, 
Va.,  September  4-7.     Reprinted  by  permission. 


per,  which  was  selling  in  Atigust,  1914,  at  about  12.5 
cents  per  pound,  rapidly  advanced  to  28  and  30  cents, 
and  is  now  holding  at  about  23  to  25  cents,  according  to 
delivery  required.  Sheet  steel  for  electrical  purposes 
has  advanced  from  45  to  85  percent ;  iron  castings,  from 
15  to  25  percent;  steel  castings,  from  20  to  25  percent. 
Ordinary  zinc  advanced  from  five  cents  per  pound  to 
25  cents,  or  over  500  percent,  but  a  few  months  ago  it 
began  to  react  and  is  now  selling  at  about  eight  cents  per 
pound,  some  60  percent  above  normal ;  and  aluminum 
has  advanced,  according  to  condition  of  contracts,  from 
100  to  250  percent. 

The  above  materials  are  the  foundation  of  our  busi- 
ness. Other  important  materials  which  enter  into  our 
niantifacture,  such  as  tungsten,  mercury,  ferro-man- 
ganese,  asbestos  and  paper  have  also  greatly  advanced. 
Tungsten,  for  example,  climbed  for  a  time  to  over  900 
percent,  and  is  now  over  250  percent  above  normal ; 
mercury  advanced  over  700  percent  and  is  now  double 
the  normal  price ;  f erro-manganese  advanced  over  700 
percent;  asbestos  over  150  percent,  and  paper  from  50 
to  100  percent. 

This  remarkable  situation  is  well  illustrated  by  the 
machine  tool  market ;  prices  were  constantly  raised  and 
deliveries  lengthened  until,  some  six  months  ago,  the 
most  reputable  manufacturers,  manufacturing  the  high- 
est grade  of  standard  tools,  began  to  quote  merely  nom- 
inal current  prices  subject  to  an  advance  in  price  not  to 
exceed  20  percent  at  the  time  of  shipment.  I  quote  a 
clause  which  now  appears  to  be  the  standard  with  many 
machine  tool  builders  : — 

"The  price  of  machines  for  1917  delivery  to  be  that  pre- 
vailing at  the  time  of  shipment  with  a  guarantee  that  the  ad- 
vance, if  any,  will  not  exceed  approximately  20  percent  of  the 
current  price  quoted  above,  as  per  our  letter  of  even  date." 

This  is  taken  from  an  actual  quotation  to  our  com- 
pany on  August  4,  1916.  They  also  informed  us  that 
the  above  prices,  named  for  prompt  acceptance  only,  are 
subject  to  change  without  notice. 

The  increase  in  prices  of  raw  materials  and  machin- 
ery has  not  been  permitted  to  directly  affect  production 
unfavorably,  as  these  prices  have  been  met.  The  fun- 
damental difficulty  which  has  constantly  interfered  with 
production  schedules  has  been  the  inability  to  get  ma- 
chinery and  materials  either  on  time  or  in  sufficient 
quantities  to  keep  our  factories  operating  in  an  efficient 
manner.     In  some  instances  materials  and   machinery 
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which  heretofore  have  been  employed  have  been  unob- 
tainable and  new  materials,  machinery  and  methods 
have  been  substituted,  all  of  which  has  involved  delay 
in  production.  Even  after  we  had  succeeded  in  pur- 
chasing our  raw  materials,  and  shipment  had  actually 
taken  place  at  the  point  of  manufacture,  there  was  no 
assurance  that  the  materials  would  arrive  on  time.  The 
railroads,  as  is  well  known,  became  so  congested  that 
deliveries  were  slow  and  uncertain,  and  complete  em- 
bargoes were  frequently  placed  upon  the  delivery  of 
important  materials,  and  always,  it  would  seem,  at  the 
most  unfortunate  time  for  ourselves  and  our  customers. 

The  manufacturer,  however,  needs  something  more 
than  buildings,  machinery  and  raw  materials  in  order  to 
fill  the  orders  of  his  customers.  He  must  have  labor  of 
good  quality  and  of  reasonable  and  reliable  supply,  and 
manifestly  it  is  impossible  to  cope  with  the  increased 
volume  of  business  without  an  increase  in  the  efficiency 
of  labor  or  an  increase  in  quantity. 

It  is  natural  and  proper  that  laborers,  both  skilled 
and  unskilled,  should  seek  to  share  in  the  general  pros- 
perity, and  we,  in  common  with  other  manufacturers, 
endeavored  to  meet  the  situation  promptly  and  liberally. 
In  spite,  however,  of  all  our  efforts  the  labor  situation 
for  the  last  year  has  been,  and  still  remains,  in  a  very 
unsatisfactory  condition,  especially  with  reference  to 
high-grade  skilled  employees  and  low-grade  common 
laborers.  There  does  not  seem  to  be  a  sufficiency  of 
either  class  to  meet  the  demands  of  production  in  this 
country.  As  is  well  known,  the  scale  of  wages  of  such 
employees  is  abnormally  high,  which  condition  has  been 
intensified  by  competition  among  the  manufacturers 
themselves.  Many  manufacturers  of  war  materials 
have  been  particularly  energetic,  even  offensive,  in  their 
competition  for  labor  and  have  done  much  to  demoralize 
the  labor  situation.  Of  course,  these  manufacturers 
realize  that  their  work  is  largely  of  a  temporary  nature 
and  will  not,  in  most  cases,  extend  beyond  the  cessation 
of  hostilities  in  Europe,  and  naturally  they  wish  to 
"make  hay  while  the  sun  shines."  To  meet  the  demands, 
large  new  shops  have  been  erected,  which  had  to  be 
manned,  and  in  doing  this  the  most  ruthless  competition 
has  been  inaugurated,  and  is  still  in  effect. 

It  is  also  well  known  that  the  great  decrease  in 
emigration,  due  to  the  European  war,  has  created  a  seri- 
ous shortage  in  ordinary  labor,  and  there  is  a  real  scar- 
city of  such  labor  in  all  parts  of  the  eastern  and  middle 
states.  Such  labor  now  commands  the  highest  wages 
ever  paid  it,  and  there  seems  to  be  no  immediate  pros- 
pect of  increase  in  the  supply. 

The  increase  in  the  price  of  labor  would  not  in  itself 
affect  production  adversely ;  it  might,  in  fact,  under 
proper  conditions  lead  to  a  stimulation  and  improve- 
ment of  production.  However,  unfortunately  there  is 
every  evidence  that  the  efficiency  has,  temporarily  at 
least,  declined  and  the  output  per  man  is  lower  than  it 
has  been  heretofore,  at  a  time  when  it  is  to  the  interest 
of  all  men  engaged  in  the  industry,  as  well  as  the  em- 
ployers, to  obtain  the  highest  possible  output.     Unfor- 


tunately also  for  efficient  production,  it  has  been  appar- 
ently impossible  to  make  the  needed  adjustments  with- 
out frequent  strikes,  which  in  several  instances  have 
been  of  long  duration  and  naturally  have  interfered  seri- 
ously with  the  efficiency  and  output.  Unfortunately,  we 
have  not  been  free  from  this  calamity,  having  experi- 
enced during  October  and  November  of  last  year  a 
strike  of  six  weeks  duration  at  our  principal  works,  in 
which  from  12000  to  15  000  employees  stopped  work 
for  the  period  stated.  Deliveries  of  materials  and  ma- 
chinery upon  which  we  were  relying  have  also  been  in- 
terrupted at  critical  periods  by  strikes  among  those 
from  whom  we  purchase  such  articles. 

EFFECT   OF    MUNITION    CONTRACTS   ON    THE 
PRESENT   SITUATION 

1  have  been  especially  asked  to  say  something  about 
the  effect  of  munition  contracts  on  the  present  situation. 
The  large  contracts  which  have  been  taken  for  war 
munitions  have  unquestionably  affected  the  general 
manufacturing  situation.  They  have  created  a  demand 
for  enormous  quantities  of  brass,  copper  and  steel  and 
are  largely  responsible  for  the  condition  in  which  the 
producers  of  such  materials  find  themselves,  viz.,  almost 
complete  inability  to  fill  orders.  Munition  orders  also, 
without  doubt,  have  had  a  profound  influence  upon 
prices  of  raw  materials  required  for  their  manufacture, 
and  the  higher  level  of  prices  of  all  materials  is,  to  a 
considerable  extent,  due  to  the  demand  which  orders  for 
war  munitions  have  created.  This  condition  is  not  con- 
fined to  materials,  but  also  extends  to  machine  tools. 
Manufacturers  of  munitions,  both  abroad  and  at  home, 
have  ordered  machinery,  such  as  lathes,  automatic  screw 
machines,  drill  presses,  and  other  standard  lines  of  tools, 
in  enormous  quantities  and  have  overwhelmed  the 
manufacturers.  The  demand  for  such  machines  and 
tools  for  the  manufacture  of  munitions  has  been  so 
great,  for  a  time,  as  to  absorb  the  entire  output  of  the 
country,  and  consequently  it  has  been,  and  is  still,  very 
difficult  to  obtain  tools  required  for  the  manufacture  of 
regular  lines  of  product,  and  this  has  naturally  in  turn 
interfered  with  our  schedules  for  increased  production. 

As  has  already  been  stated,  the  creation  of  large 
munition  plants,  and  the  undertaking  of  the  manufac- 
ture of  munitions,  has  created  an  abnormal  demand  for 
labor,  and  has,  in  spite  of  the  increase  in  wages,  resulted 
in  an  absolute  shortage  of  labor  of  all  kinds. 

I  suppose,  however,  that  you  are  particularly  inter- 
ested to  learn  as  to  what  extent,  if  any,  the  manufac- 
ture of  such  material  by  our  company  has  interfered, 
or  may  interfere,  with  deliveries  of  our  regular  product. 
I  frankly  admit  at  once  that  such  contracts  as  we  have 
taken  for  munition  work  have,  and  will  until  completed, 
interfere  to  a  relatively  limited  extent  with  our  regular 
business.  I  may  further  confess  that  if  we  had  antici- 
pated the  prompt  revival  of  business,  to  say  nothing  of 
the  phenomenal  increase  in  our  regular  business,  we 
would  never  have  undertaken  the  manufacture  of  any 
munitions. 
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Having  made  the  above  statement,  however,  in  tlie 
interest  of  frankness,  it  is  only  fair  to  explain  that  at 
the  time  when  these  contracts  were  undertaken  many 
of  our  departments  had  been  running  for  some  time  at 
from  25  to  60  percent  of  their  normal  capacity.  We 
therefore  had  an  abundance  of  idle  space  and  tools,  and 
although  we  had  placed  in  stock,  in  anticipation  of 
orders,  a  large  amount  of  material,  we  felt  that  we  had 
reached  the  limit  of  prudence,  and  were  at  the  point 
where  we  faced  a  continued  decline  in  our  production 
and  the  further  loss  of  tried,  valuable  and  skilled  em- 
ployees. 

Our  entrance  into  the  munition  field  was  therefore 
undertaken  largely  with  a  view  of  filling  some  of  our 
vacant  space  and  furnishing  work  for  our  employees. 
Moreover,  long  before  the  vacant  space  that  was  avail- 
able for  such  work  was  occupied  we  erected  additional 
buildings  and  also  purchased  additional  idle  factories 
for  the  express  purpose  of  providing  room  for  munition 
work  without,  as  we  then  thought,  any  interference 
whatsoever  with  our  standard  work. 

I  would  also  state  that  none  of  the  space  which  we 
normally  devote  to  the  manufacture  of  turbines,  induc- 
tion motors  or  other  similar  apparatus  has  been  occu- 
pied at  any  time  for  the  manufacture  of  munitions,  and 
that  the  total  space  occupied  in  munition  work  of  all 
character  is  today  but  three  percent  of  our  total  manu- 
facturing space,  much  less  than  the  proportion  in  value 
of  our  munition  orders  to  orders  for  our  regular 
product.  Moreover,  our  last  important  order  for  muni- 
tions was  taken  over  a  year  ago,  and  we  do  not  now 
expect  to  take  any  further  orders  of  this  nature.  The 
reason  why  the  space  occupied  and  the  men  employed 
on  munition  work  is  relatively  less  in  proportion  to  its 
output  in  money  value  than  our  standard  product  is  that 
munition  work  is  fundamentally  a  better  manufacturing 
proposition ;  it  consists  of  many  thousands  of  articles 
which  are  absolutely  identical  not  only  in  design  but  in 
size,  which  naturally  permits  of  a  greater  output  per 
man  and  per  square  foot  than  a  product  that  is  varialile 
and  special,  as  is  our  electrical  business. 

POSTPONEMENT   OF  SHIPPING  DATES  ON    I916   CONTK.XCTS 
AND   PROBABLE  DELIVERIES  ON    I917   CONTRACTS 

I  think  it  can  be  safely  said  that  most  large  manu- 
facturers have  found  it  necessary  to  extend  shipment 
dates  on  a  portion  of  their  1916  contracts.  The  difficul- 
ties of  obtaining  raw  materials,  labor  of  proper  quality 
and  mechanical  equipment  have,  as  heretofore  stated, 
interrupted  and  slowed  up  manufacturing  and  created 
conditions  which  cannot  but  result  in  deferred  ship- 
ments, on  a  portion  at  least,  of  the  output.  This  is  a 
cause  of  great  anxiety  to  us  as  well  as  to  our  customers. 
We  are  sparing  no  expense  in  procuring  materials  or 
devising  ways  and  means,  as  far  as  may  be  practicable, 
to  maintain  our  schedules.  In  some  instances  our  cus- 
tomers, due  to  the  fact  that  they  have  been  disappointed 
in  deliveries  by  contractors  for  other  materials  which 
are  needed,  have  found  it  possible  to  permit  postpone- 


ment of  our  deliveries  without  adding  to  their  troubles, 
and  have  kindly  permitted  us  to  postpone  such  deliv- 
eries, which  in  turn  has  enabled  us  to  help  other  cus- 
tomers who  were  in  a  different  situation. 

At  this  time  it  is  difficult  to  express  a  definite  opin- 
ion as  to  deliveries  on  191 7  contracts.  We  have  taken 
large  contracts  for  delivery  in  191 7,  and  in  some  cases 
even  for  1918.  We  are  contracting  for  important  ma- 
terials as  far  in  advance  as  seems  to  be  necessary  in 
order  to  insure  deliveries.  In  order  to  be  assured  of  a 
supply  it  seems  to  be  necessary  to  place  orders  for  some 
materials  well  into  1917.  In  such  cases  we  have  not 
hesitated  to  take  the  risk. 

INCREASED    PRICES    FOR    1916    AND    RELATIVE 
PRICES   FOR   191 7 

I  have  also  been  asked  to  say  something  as  to  in- 
creased prices  for  1916  and  relative  prices  for  1917- 
The  great  increase  in  the  cost  of  raw  materials  and 
labor,  as  well  as  other  items  of  expense,  have  made  it 
necessary  for  us  to  increase  our  prices.  We  have  not, 
however,  advanced  our  prices  more  than  necessary  to 
cover  increased  cost  of  manufacture.  In  some  classes 
of  apparatus,  through  the  skill  of  our  engineers  in  re- 
designing, without  sacrifice  of  quality,  we  have  effectec 
economies  oft'setting,  in  part  at  least,  the  normal  in- 
creased cost,  and  in  such  instances  our  prices  have  not 
been  increased  to  the  extent  that  otherwise  would  have 
been  necessary. 

As  to  future  prices,  we  are  so  completely  dependent 
upon  the  prices  which  we  must  pay  for  raw  materials 
and  labor  that  it  is  impossible  for  us  to  express  an 
opinion  which  would  be  of  special  value.  It  would 
almost  seem  that  the  high-water  mark  with  respect  to 
prices  of  raw  materials  and  labor  has  been  reached  and, 
if  so,  with  a  continuance  of  such  conditions,  future 
prices  of  raw  materials  would  naturally  remain  substan- 
tially unchanged.  Of  course,  upon  any  extended  reac- 
tion in  business,  which  some  authorities  assure  us  will 
take  place  upon  the  cessation  of  hostilities,  prices  would 
naturally  decline.  However,  I  am  not  a  prophet  and  am 
glad  to  leave  to  others  better  fitted  than  myself  to  enter- 
tain us  with  their  views  as  to  what  the  future  may  bring 
forth. 

I  may  say,  in  this  connection,  that  in  spite  of  the  un- 
certainty as  to  the  business  outlook  after  the  European 
war  is  over,  and  in  disregard  of  the  abnormally  high 
cost  and  difficulty  of  construction  work,  we  have  started 
a  large  amount  of  building  operations  which  will  give  us 
a  greatly  increased  output  in  the  future,  provided,  of 
course,  that  we  can  secure  the  necessary  materials  and 
men.  We  should,  therefore,  be  in  even  better  position 
in  1917  to  fill  our  contracts  on  time. 

It  has  been  suggested  that  the  large  profits  on  muni- 
tion contracts  have  established  a  precedent  which  may 
have  a  bearing  upon  the  electrical  business.  I  do  not 
share  in  this  view,  as  the  electrical  business  is  highly 
competitive,  and  in  normal  times  the  volume  of  demand 
is  less  than  the  combined  facilities  of  all  the  manufac- 
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turers.  On  the  other  hand,  the  demand  for  munitions 
has  far  exceeded  the  existing  facilities  of  every  descrip- 
tion and  prices  have  been  high  in  consequence. 

I  am  glad  to  state  that  in  spite  of  all  the  difficulties 
with  materials,  labor,  transportation,  etc.,  which  have 
made  it  impossible  for  us  to  realize  the  full  output  of 
existing  facilities,  nevertheless,  our  manufacturing  or- 
ganization has  succeeded  in  not  only  maintaining  but  in 
greatly  increasing  our  output  as  compared  with  previous 
years,  although,  as  already  stated,  this  increased  pro- 
duction has  unfortunately  only  been  obtained  at  a  great 
increase  in  cost,  which  let  us  hope  is  temporary  in  char- 
acter. 

In  conclusion  I  wish  to  express  my  hearty  apprecia- 
tion of  the  opportunity  to  talk  to  you  this  evening.  I 
have  been  enjoying  the  meetings  of  the  Edison  Associa- 
tion for  about  a  quarter  of  a  century.  It  is  my  mature 
judgment  that  it  would  scarcely  be  possible  to  exag- 
gerate the  importance  and  value  of  the  contributions 
of  this  Association  to  the  success  of  the  electrical  indus- 
try of  which  we  form  a  part  and  are  all  vitally  inter- 
ested. 

At  your  meetings  have  been  gathered  the  pioneers 
of  the  industry.  Revolutionary  discoveries  and  inven- 
tions have  here  received  their  first  introduction  to  the 
public.  Constructive  criticism,  free  and  frank  discus- 
sion, sincere  and  effective  co-operation  between  manu- 
facturer and  members  has  resulted  in  such  practical 
progress  as  to  be  the  wonder  of  the  world.  Meetings 
have  been  eagerly  looked  forward  to  from  year  to  year 
and  have  proved  the  greatest  stimulus  to  increased 
effort.  It  has  been  a  privilege  and  a  joy  to  thus  work 
together  for  so  many  years.  The  result  stands  as  an 
unbroken  record  of  continuous  expansion  of  the  indus- 
try in  volume  and  in  the  variety  and  number  of  its 
useful  applications  to  the  service  of  the  public,  a  con- 
stant reduction  in  the  cost  of  the  manufactured  product, 


all  accompanied  by  a  most  remarkable  improvement  in 
the  quality  and  in  the  character  of  the  service  rendered 
to  each  other  and  to  the  public.  By  manufactured 
product  I  mean,  of  course,  to  include  not  only  the 
product  of  the  manufacturer  of  electrical  machinery  and 
devices,  but  also  that  of  the  central  station  which  sup- 
plies electrical  energy  and  light  to  the  public. 

We  hear  much  said  nowadays  about  setting  business 
free,  and  men  may  diflfer  as  to  the  truth  of  the  claim  or 
even  as  to  the  exact  meaning  of  the  expression.  But 
there  can  be  no  question  as  to  what  the  men  of  the  elec- 
trical industry  have  done.  They  have  created  a  busi- 
ness valued  at  hundreds  of  millions,  even  billions  of 
dollars,  given  employment  to  hundreds  of  thousands  of 
men  and  women,  and  conferred  untold  benefits,  com- 
forts and  luxuries  upon  millions  of  human  beings.  If 
the  past  is  a  promise  of  the  future,  then  indeed  the  elec- 
trical industry  has  a  most  brilliant  and  useful  future.  I 
believe  that  it  has,  yet  I  must  admit  at  times  to  a  feeling 
of  uncertainty  akin  to  despondency.  For  this  wonderful 
business  which  you  have  created  has  expanded  until  it 
touches  the  lives  of  millions  of  the  people ;  men  who 
know  nothing  of  its  origin  or  nature  have  risen  and 
are  attempting  by  political  methods  to  control  and  regu- 
late it.  I  sometimes  tremble  lest  the  "valor  of  ignorance" 
should  prevail  over  the  wisdom  of  experience  and  our 
progress  be  thus  stopped.  This  indeed  would  prove  a 
public  calamity.  The  remedy  is,  as  has  been  many 
times  suggested,  the  proper  education  of  the  public,  and 
through  it  of  our  political  rulers  as  to  the  character  and 
value  of  our  work. 

I  am  happy  to  note  that  you  are  aroused  to  the  dan- 
gers that  beset  you,  and  I  have  confidence  that  those 
who  have  created  and  guided  this  wonderful  industry 
will  not  fail  to  co-operate  and  take  all  such  steps  as  may 
be  necessary  for  protection  from  the  attacks  of  the 
ignorant  and  indolent  and  all  other  similar  enemies. 


An  Analysis  of  the  Electrical  Manufacturing 

Situation* 


Guy  E.  Tripp 

Chairman  of  the  Board, 

Westinghouse  Electric  &  Mfg.  Company 


IN  ORDER  to  get  a  comprehensive  view  of  present 
manufacturing  conditions  in  the  electrical  industry  it 
is  necessary  to  review  for  a  moment  a  little  of  its 
past  history.  That  is  to  say,  there  have  been  important 
steps  in  the  development  of  the  uses  of  electricity  which 
should  be  kept  in  mind  in  order  to  fully  understand  the 
sudden  and  immense  demands  that  have  recently  been 
placed  upon  manufacturing  facilities.     I  do  not  intend 
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to  weary  you  by  an  academic  discussion  of  the  relations 
of  electrical  manufacturers  and  public  utilities,  and  I 
think  we  may  take  it  for  granted  that  the  elementary 
relationships  of  buyer  and  seller  are  sufficiently  satisfac- 
tory ;  but  there  has  been  a  connection  of  a  different  kind 
between  the  manufacturer  and  the  central  station  which 
has  been  constantly  changing  and  to  which  I  would  like 
briefly  to  call  your  attention. 

When  the  electrical  industry  began  it  was  something 
more  than  the  mere  selling  of  a  manufactured  product. 
It  was  the  application  of  scientific  knowledge  to  prac- 
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tical  uses  and  required  close  co-operation  between  the 
manufacturer  and  the  pioneers  in  the  public  utility  field. 
The  tremendous  importance  of  individual  genius  was 
the  predominating  feature  of  this  period,  and  manufac- 
turing was  largely  confined  to  the  development  of  the 
particular  apparatus  which  some  far-seeing  man  had 
invented  or  developed.  As  a  natural  consequence,  the 
same  man  became  an  indispensable  factor  in  the  applica- 
tion of  his  conceptions  to  the  public  use ;  and  from  this 
condition  arose,  not  electrical  manufacturers  as  they  are 
now  constituted,  but  organizations  standing  sponsor  for 
and  producing  goods  according  to  systems  developed  by 
the  great  chiefs  of  the  electrical  science.  Through  these 
agencies  there  sprang  up  a  great  number  of  small  in- 
stallations of  street  railways  and  electric  light  compa- 
nies serving  the  routine  local  wants  of  the  ordinary  cit- 
izen in  his  daily  life.  This  was  the  first  step  in  the  evo- 
lution of  the  industry. 

Perhaps  the  next  stage  may  be  described  as  that  in 
which  the  various  systems  were  sifted  out,  not,  however, 
by  the  predominance  of  one  or  the  other  but,  as  is  usual 
in  such  circumstances,  by  a  combination  of  the  best 
points  of  all  of  them,  until  the  manufacture  of  electrical 
apparatus  and  the  application  of  it  became  more  or  less 
standardized.  That  is  to  say,  while  invention  and  re- 
search went  on,  and  is  still  going  on,  and  important  im- 
provements were  made  from  time  to  time,  and  are  being 
made,  it  is  a  fact  that  the  large  manufacturer  of  elec- 
trical apparatus  can  and  does  produce  machinery  and 
apparatus  that  is  adapted  to  any  kind  of  electrical  ser- 
vice. When  the  manufacture  of  electrical  apparatus  had 
reached  this  stage  it  made  possible  the  new  era  of  cen- 
tral station  development,  which  resulted  in  a  great  ex- 
pansion of  the  uses  of  electricity,  the  history  of  which 
has  been  a  matter  of  comparatively  few  years.  The  iso- 
lated electric  light  plant  which  had  no  power  business, 
and  gave  a  local  individual  service  which  had  no  great 
fluctuations,  has  passed  away  and  has  been  replaced  by 
huge  central  station  organizations,  which  sell  a  great 
percentage  of  their  output  for  uses  in  all  lines  of  indus- 
trial activity  and  whose  business  will  more  and  more 
tend  to  rise  or  fall  with  the  general  tide  of  industry.  A 
few  statistics  which  illustrate  this  remarkable  develop- 
ment will  be  interesting. 

The  report  of  the  Secretary  of  Agriculture,  with 
which  you  are  doubtless  all  familiar,  states  that  85  cor- 
porations control  68.6  percent  of  the  total  public  service 
power  in  the  United  States.  Of  these,  35  control  one- 
half  of  this  total,  16  control  one-third,  and  10  control 
one-fourth.  This  does  not  have  reference  to  the  ingeni- 
ous classification  made  in  the  same  report  of  control  due 
to  interrelationships  through  common  directors,  and  for 
the  purposes  of  this  paper  that  character  of  control  is 
not  important,  except  for  your  amusement  I  might 
quote  what  it  says  about  the  Westinghouse  Electric  & 
Mfg.  Company,  which  is  as  follows : — 

"Plate  18  shows  the  relations  through  common  directors 
and  principal  officers  of  the  Westinghouse  Electric  &  Mfg. 
Company   and   the   Electric   Properties   Corporation   with    each 


other  and  with  38  other  companies.  The  aggregate  public- 
service  power  controlled  by  the  individual  concerns  appearing 
within  this  group  is  405705  water  horse-power  and  1989432 
steam-power,  a  total  of  2395137  horse-power,  or  8.8  percent, 
21.3  percent,  and  17.2  percent,  respectively,  of  the  totals  for  the 
United  States  within  each  class  used  in  public  service  opera- 
tions." 

This  makes  us  the  third  most  powerful  interest  in 
the  United  States  in  control  of  public  utilities;  in  fact, 
my  friend,  Mr.  Rice,  beats  us  by  only  a  small  amount, 
we  being  allotted  17.2  percent  of  the  total  operations  in 
the  United  States  and  he  is  allotted  21.3  percent.  This 
may  be  a  good  illustration  of  the  more  or  less  (with  con- 
siderable stress  on  the  less)  valuable  conclusions  that 
are  reached  by  Government  statisticians  when  thev  give 
their  imagination  full  sway.  But  to  come  back  to  tht. 
enormous  concentration  in  the  electrical  industry  which 
has  taken  place  in  the  last  few  years  and  which,  whether 
the  Government's  figures  are  correct  or  not,  is  an  un- 
doubted fact,  we  can  get  an  interesting  picture  which 
explains  why  the  sudden  increase  in  industrial  activity 
immediately  reflected  itself  in  a  demand  for  electrical 
apparatus.  The  demand  was  of  a  kind  much  more  dif- 
ficult to  handle  than  in  the  early  days  because  of  the 
large  units  now  required.  The  market  in  prime  movers 
has  been  turned  from  small  units  at  a  relatively  high 
price  per  kilowatt  into  a  demand  for  very  large  units  at 
a  relatively  low  price  per  kilowatt.  The  general  eflfect 
of  this  is  to  decrease  relatively  the  value  of  our  factory 
output  stated  in  dollars ;  that  is  to  say,  an  output  of  a 
million  dollars  under  existing  conditions  requires  greater 
factory  capacity  than  an  output  of  a  million  dollars 
under  conditions  existing  only  a  few  years  ago.  This 
difference  has  been  further  emphasized  by  the  further 
reduction  in  price  of  metering  and  current-consuming 
devices.  On  the  other  hand,  the  demand  for  these  de- 
vices has  been  greatly  increased,  due  to  the  more  intelli- 
gent and  energetic  conduct  of  the  electrical  business 
under  concentrated  control,  for  it  is  an  undoubted  fact 
that  scientific  management  keeps  pace  with  concentra- 
tion. If  this  larger  demand  had  not  ensued,  it  would 
have  been  impossible  to  reduce  prices  of  prime  movers 
to  their  present  figure. 

I  believe  that  the  tendency  for  combination  and  con- 
solidation of  public  utilities  is  bound  to  go  on  from  a 
purely  economic  standpoint,  and  that  this  irresistible 
tendency  will  present  many  political  problems  for  solu- 
tion, but  I  have  referred  to  them  solely  for  the  purpose 
of  enabling  you  to  better  understand  that  the  demands 
upon  the  manufacturer,  brought  about  by  the  sudden 
and  tremendous  impetus  given  to  almost  every  branch 
of  industry  in  the  United  States  on  account  of  the 
European  war,  was  the  combined  result  of  these  great 
aggregations  and  the  large  use  made  of  them  by  indus- 
trial enterprises.  That  is  to  say,  manufacturing  indus- 
tries of  all  kinds,  which  have  been  recently  taught  to  use 
electricity  as  a  power,  called  for  an  increase  in  service, 
the  magnitude  of  which  was  as  unforeseen  as  it  was 
abrupt. 
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The  following  quotation  from  the  annual  report  of 
the  Chamber  of  Commerce  of  New  York  for  1915  is 
interesting  in  its  bearing  on  the  unprecedented  demand 
which  came  upon  the  manufacturing  industries  of  this 
country  in  the  last  half  of  that  year: — 

"All  steel  products  were  dragging  when  the  year  opened. 
The  belief  entertained  at  the  beginning  of  the  war  that  Europe 
would  promptly  call  on  the  United  States  for  large  amounts  of 
steel  proved  to  be  a  mistake,  and  at  the  close  of  1914  the  more 
common  steel  products  could  be  had  about  as  cheaply  as  at  any 
time  in  the  recent  years  of  depression.  In  January  of  1915 
there  was  a  slight  turn  for  the  better,  and  steel  manufacturers 
in  the  next  three  or  four  months  stimulated  buj'ing  by  an- 
nouncing that  higher  prices  would  be  asked  month  by  month. 
On  bars,  shapes  and  plates  increases  of  $1  a  month  were  thus 
made,  and  gradually  it  began  to  appear  that  steel  requirements 
of  the  Allies  would  really  cut  a  considerable  figure  in  the  in- 
dustry here.  As  the  summer  approached  the  advances  became 
more  pronounced,  and  in  the  second  half  of  the  year  prices 
went  up  by  leaps  and  bounds.  Orders  for  large  round  bars  for 
shrapnel  glutted  the  merchant  mills  having  facilities  for  their 
production,  and  a  strange  development  was  the  diversion  of  rail 
mills,  which  had  few  orders  from  the  railroads,  to  the  produc- 
tion of  large  rounds,  for  which  two  to  three  cents  or  more  a 
pound  were  received.  Premiums  were  paid  for  early  delivery 
of  products  like  bars,  structural  shapes  and  plates.  Plate  mills 
had  a  veritable  harvest,  orders  for  vessels  crowded  Atlantic 
coast  shipyards,  and  plates  for  early  delivery  were  bringing  as 
high  as  3.5  cents  at  the  close  of  the  year.  The  difficulties  of  the 
mills  in  making  deliveries  constantly  increased.  Steel  billets 
were  in  great  demand  for  war  purposes,  as  many  concerns 
forged  them  into  shell  blanks.  The  allied  governments  were 
large  buyers  of  such  semi-finished  steel. 

"Pig  iron  at  no  time  in  the  year  had  any  approach  to  the 
advance  made  in  steel  prices.  The  output  in  January  was  at  the 
rate  of  about  19000000  tons  a  year.  At  the  end  of  the  year  it 
had  risen  to  a  rate  of  38800000  tons  a  year.  For  a  consider- 
able part  of  the  year  pig  iron  prices  were  not  strong.  Makers 
were  timid  up  to  July.  An  advance  of  25  cents  a  ton  on  any 
grade  of  pig  iron  was  an  event,  and  it  was  not  until  .'\ugust 
that  rises  of  75  cents  to  $1  a  ton  began  to  be  recorded.  In 
Southern  iron  the  net  advance  for  the  year  was  $5.50.  North- 
ern basic  iron  had  e.xactly  the  same  advance,  while  Bessemer 
iron  at  Pittsburgh  went  from  $14.70  at  the  opening  of  the  year 
to  $21.95. 

"In  the  early  months  of  1916  prices  went  up  in  an  upheard- 
of  way.  At  the  end  of  April,  as  this  is  written,  steel  bars  for 
early  delivery  are  selling  at  3  cents,  Pittsburgh,  plates  at  3.75 
cents,  and  structural  steel  at  2.60  cents.  In  a  number  of  cases 
plates  have  sold  at  4  cents  in  considerable  quantities,  and  small 
lots  have  brought  as  high  as  5  cents.  Wire  products  have  ad- 
vanced since  January  i,  until  fence  wire  stands  at  2.45  cents  and 
wire  nails  at  2.50  cents,  Pittsburgh.  Galvanized  sheets  have 
gone  to  5  cents,  black  sheets  to  2.85  cents,  and  3  cents,  Pitts- 
burgh, for  No.  28,  and  tinplate  to  $5  and  $5.50  a  base  box.  Re- 
rolling  billets  have  sold  at  $50,  Pittsburgh,  and  forging  billets 
at  $69.  Some  manufacturers  were  fearful  of  the  effect  of  these 
advances  in  restricting  consumption,  but  there  is  little  evidence 
of  this  apart  from  the  building  trade.  The  steel  is  in  such  de- 
mand that  any  falling  off  in  one  or  two  products  is  only  wel- 
comed." 

Our  own  experience  will  further  serve  to  illustrate 
how  sudden  and  unexpected  this  demand  was.  The  war 
began  August  i,  1914.  At  that  time  we  had  unfilled 
orders  on  our  hooks  of  about  $8000000.  This  was  a 
small  amount  and  represents  about  two  months  theo- 
retical full  output  of  our  shops.  We  had  had  a  strike 
during  the  year  and  business  was  decreasing :  in   fact, 


the  outlook  was  anything  but  encouraging.  Business 
continued  to  dwindle,  and  on  February  28,  191 5,  which 
was  the  lowest  point  we  reached,  we  had  on  our  books 
approximately  $5  600  000  of  unfilled  orders.  In  other 
words,  during  the  first  seven  months  of  the  war  our 
business  had  fallen  off  30  percent.  Our  shops  were  run- 
ning at  not  over  50  percent  capacity  and  the  total  num- 
ber of  men  on  our  payroll  was  about  14  800. 

While  February,  191 5  was  the  low  period,  there  was 
no  great  improvement  for  several  months  afterward ;  in 
fact,  the  real  upward  movement  did  not  begin  until  No- 
vember I,  191 5,  at  which  date  we  had  on  our  books 
."fS  900  000  of  unfilled  orders.  In  order  that  you  may 
have  these  figures  more  clearly  in  mind,  let  mc  reca- 
pitulate : — 

On  August  I,  1914.  at  the  beginning  of  the  war,  we  had  on 
band  $8000000  orders. 

On  February  28,  191 5,  which  was  our  low  period,  we  had 
on  hand  $5600000. 

On  October  31,  1915,  or  14  months  after  the  beginning  of 
the  war,  which  marked  the  real  beginning  of  the  avalanche, 
we  had  on  hand  $8 900 000. 

From  that  time  on  there  was  no  cessation  of  in- 
creases. Notwithstanding  we  increased  our  forces  from 
the  figure  of  14800  to  nearly  30000  and  ran  our  fac- 
tories to  the  fullest  possible  capacity,  we  have  on  hand 
today  unfilled  orders  for  electrical  goods  amounting  to 
considerably  over  $30000000.  In  all  these  figures  I 
have  given  I  have  taken  no  account  whatever  of  orders 
for  war  munitions.  I  am  referring  to  our  regular  prod- 
uct, in  which,  as  you  have  seen,  notwithstanding  the 
very  large  output  of  our  shops  during  the  last  eight 
months,  our  unfilled  orders  have  increased  over  the  low 
])oint  of  February,  191 5,  by  almost  600  percent. 

Now  as  to  the  war  orders,  as  I  have  stated,  the  latter 
[lart  of  1914  business  presented  a  dubious  outlook,  and 
in  June,  1915,  we  entered  into  a  contract  with  the  Eng- 
lish Government  to  make  rifles  for  Russia.  It  was  a 
large  undertaking  and  required  extensive  works.  We 
located  the  entire  plant  at  Springfield,  Mass.  First,  be- 
cause it  seemed  wise  to  purchase  a  going  concern ;  that 
is  to  say,  a  manufacttu-ing  company  already  organized 
and  engaged  for  many  years  in  the  particular  work  in 
which  we  were  about  to  undertake.  Second,  it  seemed 
to  be  a  favorable  labor  market  and  so  far  removed  from 
Pittsburgh  as  to  not  interfere  with  the  operating  condi- 
tions there. 

Contemporaneously  with  that,  and  at  various  times 
before  and  after,  we  took  contracts  for  machining  high- 
explosive  shells.  The  principal  portion  of  this  work  was 
done  in  a  new  building  in  Turtle  Creek  which  had  never 
been  used  by  us  for  electrical  manufacturing  purposes, 
and  a  plant  in  Pittsburgh  formerly  belonging  to  the 
company  and  which  had  been  leased  for  a  number  of 
years  and  in  which  we  had  no  activities  whatever.  A 
space  amounting  to  a  portion  of  one  aisle  in  our  main 
shops  was  devoted  to  this  work  for  a  time,  but  was  re- 
moved from  it,  and  now  there  is  no  work  of  that  char- 
acter being  done  anywhere  in  the  shops.  On  the  whole, 
the  engaging  by  the  Westinghouse  Electric  &  Mfg.  Com- 
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pany  itself  in  munition  work  has  had  very  little  effect  on 
our  regular  output ;  that  is  to  say,  upon  time  and  amount 
of  deliveries.  It  has  possibly  had  some  deterrent  effect 
on  new  development,  which  might  otherwise  have  been 
carried  out,  but  this  is  problematical. 

I  go  this  much  into  detail  because  I  wish  to  point 
out  that,  notwithstanding  the  business  conditions  which 
confronted  us  in  1914  and  the  first  half  of  191 5,  which 
I  have  just  pointed  out,  we  kept  our  facilities  practically 
free  for  our  regular  manufacturing  business.  I  have 
now  reached  the  point  where  I  can  say  something  about 
present  general  manufacturing  conditions. 

During  the  winter  of  1914-15,  when  the  electrical 
business  was  at  low  ebb,  we  were  experiencing  difficulty 
in  finding  employment  for  many  of  our  regular  men. 
Part  time  and  alternate  layoffs  were  resorted  to.  It  was 
about  this  time,  as  I  have  said,  that  the  opportunity  pre- 
sented itself  to  take  on  some  machining  of  shells.  This 
gave  us  an  opportunity  to  give  full-time  employment  to 
many  men  who  had  been  either  working  part  time  or 
laid  off,  and  a  considerable  number  of  our  regular  men 
were  put  to  work  in  the  new  plant. 

As  the  electrical  business  increased  practically  all 
the  old  men  were  transferred  to  their  usual  occupations, 
because  it  was  easier  to  fill  the  ranks  of  the  munition 
workers  than  our  own  ranks.  Men  came  off  the  farms 
and  from  other  walks  in  life  who  had  never  seen  a  ma- 
chine before  and  within  a  week  were  able  to  operate  a 
lathe  doing  one  specific  piece  of  work,  but  the  problem 
of  increasing  the  ranks  of  skilled  workmen  in  our  shops 
in  view  of  the  keen  competition  for  labor  was  a  more 
difficult  one ;  in  fact,  the  industrial  balance  of  the  whole 
Pittsburgh  district  had  been  disturbed.  War  munition 
plants  having  sprung  up  all  over  the  country,  creating  a 
demand  for  labor,  oft'ered  such  high  prices  that  it  was 
difficult,  not  only  to  retain  a  full  force  of  skilled  work- 
men, but  it  had  a  serious  effect  upon  the  unskilled  class 
who,  as  I  have  said,  could  within  a  short  time  be  taught 
to  operate  a  lathe  and  do  one  operation  and  who  were 
able  to  earn  very  large  wages. 

I  haven't  any  figures  at  hand  giving  statistics  as  to 
the  demand  for  labor  upon  this  special  industry,  but  I 
should  hazard  a  guess  that  150  000  or  200000  new  jobs 
would  not  be  excessive;  and,  as  the  number  of  men  we 
have  employed  on  munition  work  amounts  to  about  4500 
in  Pittsburgh,  it  is  fair  to  say  that  our  labor  conditions 
would  have  been  just  as  serious  had  we  never  taken  a 
war  order.  Our  greatest  task  is  to  find  a  sufficient  sup- 
ply of  the  two  extremes,  viz.,  the  highly  skilled  and  the 
common  laborer.  The  first  is  practically  unobtainable 
and  the  latter  is  becoming  scarcer,  more  expensive  and 
less  efficient.  It  is  not  difficult  to  hire  enough  men,  bur 
they  will  not  stay.  The  foreign  laborer,  as  well  as  the 
colored  man,  is  essentially  a  rover,  and  the  rumors  of 
big  wages  in  munition  plants  throughout  the  country 
accentuates  this  tendency  in  the  laborer  as  well  as  in  the 
case  of  the  skilled  and  semi-skilled. 

Most  applicants  for  work  of  any  grade  now  are 
"shopping"  around  for  the  biggest  pay  with  the  least 


work.  The  fact  that  we  are  engaged  in  munition  work 
has  in  itself  not  interfered  with  the  labor  on  regular 
work,  for  had  not  we  been  so  engaged  the  interference 
of  others  so  employed  would,  doubtless,  have  been 
equally  as  great.  On  the  other  hand,  the  fact  that  we 
had  munition  work  attracted  a  great  deal  of  labor,  part 
of  which  was  put  on  other  work. 

The  strike  of  last  spring  set  us  back  four  weeks  or 
more  insofar  as  deliveries  are  concerned,  but  the  really 
great  source  of  delay  and  curtailment  of  output  has  for 
some  time  been  raw  material.  It  is  in  this  respect  that 
the  "munition  work"  in  the  country  at  large  has  had  and 
is  having  a  marked  effect  indirectly  on  our  deliveries. 

Owing  to  the  nature  of  our  product,  coupled  with 
the  modern  tendency  of  public  utilities  to  ask  for  special 
apparatus,  we  find  it  impossible  to  foretell  to  a  great 
degree  of  certainty  our  requirements  for  raw  and  semi- 
finished material  and,  although  we  began  a  year  ago  to 
order  large  quantities  upon  estimates  of  requirements, 
much  material  then  ordered  is  not  yet  delivered.  The 
principal  raw  materials  that  we  purchase  for  electrical 
apparatus  are  iron,  steel,  copper  and  insulating  ma- 
terials. Some  idea  of  our  difficulties  in  securing  these 
stocks  may  be  had  from  the  following: — 

In  July,  191 5,  our  promises  of  delivery  on  steel  were 
for  20  to  60  days  after  placing  of  orders.  In  September 
and  October  these  dates  were  lengthened,  and  in  No- 
vember promises  were  three  months  minimum  and  four 
months  maximum.  At  that  time  we  placed  orders  based 
on  business  in  hand  or  prospect;  on  January  26,  1916, 
we  received  notice  that  deliveries  would  be  six  months, 
and  on  February  18,  1916,  another  notification  was  re- 
ceived extending  delivery  to  ten  months.  It  has  only 
been  by  constant  pressure  that  we  have  been  able  to  get 
material  ordered  as  long  ago  as  October  and  November, 
1915;  some  of  it  was  received  in  July  this  year  and 
some  has  not  yet  been  shipped.  It  has  been  necessary 
for  our  purchasing  department  to  put  a  force  of  men  in 
the  field  who  live  at  the  mills  and  endeavor  to  have  our 
material  put  through.  We  have  also  had  a  corps  of  men 
scouring  the  country  picking  up  steel  wherever  they 
could  find  it. 

The  copper  situation  has  been  very  similar  to  the 
steel.  On  January  10,  1916,  we  received  from  one  of 
the  largest  copper  manufacturers  in  the  country  a  state- 
ment as  follows : — 

"Any  orders  received  by  us  are  accepted  only  on  the  basis 
that  they  are  not  subject  to  cancellation  and,  in  addition,  they 
will  be  filled  as  soon  as  conditions  will  permit;  and,  further- 
more, that  these  orders  will  have  to  be  on  our  books  30  days 
before  we  will  even  give  you  any  information  as  to  when  you 
can  expect  the  material." 

Such  a  condition  of  atlairs  makes  the  storekeeper's 
job  one  of  some  magnitude. 

Rubber-covered  wire  and  cable  are  among  some  of 
the  other  articles  the  procuring  of  which  have  taxed  the 
ingenuity  of  everybody  from  the  president  down.  A 
general  idea  of  the  "material"  handicap  on  deliveries  is 
shown  on  the  following  list  of  some  of  the  more  im- 
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portant    raw   materials   and   the   time   required   to   get  or  improved  appliances  are  not  profitable   for  a  long 

^^^^^  . period  of  time  ;  that  is  to  say,  they  are  not  brought  to  a 

satisfactory   commercial   stage   immediately,   and  many 

Aluminum!  meTer  discs     i 6  months  months  and  perhaps  years  of  losses  must  be  taken  be- 

Aluminum,  meter  covers  J                               ,<;  *              ,  fore  a  profitable  Stage  has  been  reached.     In  addition, 

Achostns    rTnth                                                             'O   tO   20   weeks  '"-v.    c>    ^^                                  t,                                                  .   .    .      ^    . 

Brass  rod        1 oi  course,  to  the  unprofitable  items  which  I  have  just 

Brass  tubing     \ 5  to  6  months  mentioned,  there  are  those  which  have  reached  the  stage 

Copper  "rnds       1  o^  commercial  development,  but  in  which  competition 

Copper  sheets     1- ••    5  to  6  months  jg  ^^  severe  that  there  are  little  or  no  profits. 

Copper  wh-'e.^bare 5  to  6  months  I  do  not  know  how  many  different  kinds  of  things 

Cotton-covered  magnet  5  months  ^^  make,  but  I  have  in  mind  one  classification  of  our 

^nW  rovered   mae'net  5  montns 

Rubber-covered  wire  and'cords:":":;; _5  months  business  which  consists  of  about  75  items,  either  com- 

Drills,  high  speed  Indef.— S  to  6  months  j  j    j     themselves  or  representing  groups  and,  without 

n,-;nc      ctanrlarH     rarhnn                                                                           4    tO    5    mOUths  ^                                                                               '                                                                                    .        . 

Drill;  special    ...!.!^°...."'!!'"''!!'"-"-™^       •    4  to  6  months  regard  to  the  dollar  value  of  each  of  the  items,  it  is  a 

Emery  wheels  5  to  7  months  ^^^j.  jj^^j.  ^^^^  ^^  percent  of  them  is  sold  at  no  profit  or 

German  silver  wfre^  bare  i 5  to  6  months  sold  at  a  loss.  This  classification  covers  our  entire  out- 
German  silver  wire,  ins.  J  put,  that  is  to  say,  it  is  not  a  selected  one. 
Unen  '^0012  inAZZZZZZZZZZZZ'ZZ".  60  to  90  days  I  would  not  have  you  understand  that  25  percent  of 
Porcelain,  on  wet  process  high-tension  pieces  8  to  12  weeks  jjjg  product  of  Our  factories  is  sold  at  a  loss  or  at  no 
Porcelain,  on  dry  process  high-tension  pieces  o  to  12  weeks  j-^  ,  r  ^.u  -,.  ^  u-  u  t  u 
Porcelain,  some  large  and  difficult  pieces 8  to  12  weeks  profit,  because  many  of  the  items  to  which  I  have  re- 
Steel  drop  forgings  '2°  f^^fi        u-  ferred  represent  only  a  small  amount  in   dollars  and 

Steel  shafls',  spec!  No.  "^ZZZZZZZZ.    4  to  ^6  weeks  cents  during  the  year.    On  the  other  hand,  some  of  them 

Steel,  bare  '°  months  represent  very  large  amounts ;  but  from  the  standpoint 

Steel  nlates                                                                    ..   1°  months  /,,.,.,                       ,                  ,     ,            .              . 

Steel  sheet— Bess\''&"a"H".'.""'.".".r.".'.!...". 120  days  of  the  electrical  industry,  each  one  of  them  is  an  im- 

Steel,  cold-rolled  strip  6  months  portant  part  of  its  development  and  we  cannot  abandon 

Stppl  tool                                                               4  to  6  months  ,                   ,                   r,.,          .-r            i-.-        1 

Steel  castings 8  weeks  the  manufacture  of  them,  although  if  we  did  its  theo- 

Tapes,  asbestos  60  to  90  days  retical  effect  would  be  to  largely  increase  our  profits.  As 

IZll;  gl^  ^^^fZZZZZZZZZZ  Ss  a  matter  of  fact,  however,  it  would  probably  decrease 

Tapes,  linen,  0.007  inch 120  days  them.    The  profits  in  the  business  are  undoubtedly  close. 

Tapes';  ta"fflte '^.!'.°!!..i"!'.!:::::::::::::::::::::::::::::::::'.:l2o  days  i  think  our  shops  are  operated  with  reasonable  efficiency 

Tools,  small  12  to  20  weeks  j^d  I  think  our  sales  department  gets  as  high  a  price 

Up  to  this  point  I  have  endeavored  to  outline  some  for  the  product  as  possible,  but  until  last  year,  which 
of  the  conditions  under  which  we  are  now  working,  but  included  war  profits,  there  has  never  been  a  year  in  the 
I  should  like  to  add  something  from  the  financial  and  last  ten  years  that  the  Westinghouse  Electric  &  Mfg. 
profit  side  and  to  say  at  the  outset  that,  under  normal  Company  made  (exclusive  of  interest  received  on  its 
conditions  now  and  in  the  future  so  far  as  I  can  foresee,  investments)  as  high  as  15  percent  on  the  selling  price 
an  electrical  manufacturer  will  not  be  able  to  earn  any  of  its  output.  This  is  a  close  operation  and  requires 
more  than  a  fair  return  upon  the  actual  cash  invested  in  that,  for  safety,  an  electrical  manufacturing  company 
the  business ;  that  is  to  say,  no  cash  returns  are  to  be  should  turn  over  its  capital,  which  is  devoted  to  manu- 
expected  upon  patent  rights,  good  will  and  other  intangi-  facturing  purposes,  at  least  once  a  year, 
bles  of  that  nature.  It  may  be  possible  for  a  concern  to  I  feel  that  it  is  not  necessary  to  apologize  for  the  fre- 
do  it  for  a  few  years,  but  it  will  be  because  an  insufficient  quent  reference  to  my  own  company,  for  in  no  other 
amount  is  being  expended  in  research  and  development  way  could  I  deal  satisfactorily  with  the  subject  which 
work,  and  that  policy  carried  on  long  enough  will  event-  you  have  assigned  me,  and  I  feel  it  is  not  improper  to 
ually  put  any  electrical  manufacturer  out  of  business.  take  this  opportunity  of  expressing  to  your  Association 
We  expended  last  year  in  research  and  development  the  very  deep  appreciation  of  the  large  and  growing 
over  $1000000,  and  that  amount,  of  course,  comes  business  with  which  you  have  favored  us.  I  do  not 
bodily  out  of  net  earnings,  because  it  is  an  expenditure  mean  to  indulge  in  flattery  when  I  state  that,  in  my 
that  cannot  bear  immediate  fruit,  and  it  would  only  be  opinion,  the  affairs  of  the  great  central  stations  through- 
warranted  on  the  expectation  that  the  general  law  of  out  the  country  are  conducted  with  greater  intelligence, 
averages  over  a  period  of  years  would  in  a  thousand  with  more  prophetic  regard  to  the  public  relations,  than 
ways  add  that  and  more  to  the  money  value  of  the  com-  most  other  public  utilities,  and  it  is  a  source  of  great 
pany's  business.  The  amount  of  money  expended  di-  content  to  my  company  that  the  business  upon  which  it 
rectly  upon  research  and  development  is  only  part  of  the  depends  to  such  a  large  extent  rests  in  such  capable 
story,  because  it  is  almost  an  invariable  rule  that  new  hands. 


One-Man,  Light-Weight  Electric  Railway  Cars 


W.  E.  Moore 

Of  W.  E.  Moore  &  Co.,  Consulting  Engineers, 

Pittsburgh,  Pa. 


IT  HAS  been  trul)'  said  that,  next  to  the  invention  of 
the  alphabet  and  the  printing  press,  mechanical  means 
of  rapid  transit  has  been  the  greatest  aid  in  pro- 
moting the  advancement  of  civilization.  As  civilization 
makes  its  advances  along  industrial  and  educational 
lines,  the  population  tends 
to  group  itself  more  and 
more  around  centers,  form- 
ing villages,  towns  and 
cities.  As  these  centers 
grow  in  area  and  popula- 
t  i  o  n  ,  the  necessity  for 
means  of  rapid  transit  in- 
creases both  as  to  the  re- 
quirements for  intra  and 
intercity  traveling.  Mod- 
ern paved  streets  and  road- 
ways have  made  the 
W.  E.  Moore  rubber-tired    automobile    a 

real  factor  in  transportation.  The  amount  of  power  re- 
quired for  moving  loads  on  steel  or  chilled  iron  wheels 
over  iron  rails  is  but  a  fraction  of  that  required  to  move 
the  same  load  over  the  best  of  pavements.  The  cost  of 
pavement  maintenance  is  greatly  in  excess  of  the  cost  of 
rail  maintenance 
per  ton-mile,  to 
say  nothing  o  f 
the  elimination  of 
dust  and  dirt 
which  result  from 
vehicular  p  a  v  e- 
ment  wear.  For 
these  reasons  and 
owing  to  the  ex- 
cessive cost  of 
rubber  tires  and 
the  advance  in  the 
price  of  fuel,  it 
does  not  seem 
likely  that  the  au- 
tomobile can  ever 
handle  to  the  best 
a  d  v  a  n  tage  the 
more  important 
t  r  a  n  s  p  ortation 
problems  in  and  between  cities. 


Showing  round  endi 


Electric  power  deliv- 
ered through  a  contact  shoe  or  trolley  wire  is  by  far  the 
cheapest  power  for  transportation  so  far  devised,  and 
is  likely  to  remaiii  so. 

The  public  is  served  best,  not  only  by  fast  cars, 
but  also  by  vehicles  running  on  frequent  headway  and 
making  a  minimum  number  of  stops.  These  require- 
ments make  cars  of  comparatively  small  capacity  desir- 


able from  the  standpoint  of  convenience  to  the  public, 
for  with  cars  seating  a  large  number  of  passengers  the 
stops  become  so  frequent  as  to  materially  retard  the 
schedule  speed.  The  automobile  jitney  has  shown  the 
street  railway  man  the  importance  of  frequent  head- 
way for  building  up  traffic,  and  has  made  evident  the 
great  need  for  more  frequent  headway  that  caii  only 
be  secured  economically  by  means  of  small-seating- 
capacity,  light-weight,  low-cost,  one-man  cars.  Previ- 
ous to  the  advent  of  the  jitney,  the  tendency  had  been 
toward  the  construction  of  larger  and  heavier  cars,  the 
railways  vying  with  each  other  to  secure  greater  size  and 
weight  of  equipment.  This  heavy  rolling  stock,  together 
with  the  advance  in  the  cost  of  materials  and  labor  and 
the  decrease  in  passenger  traffic  due  to  increased  use  of 
automobiles,  has  caused  more  than  one  electric  railroad, 
which  started  out  with  bright  prospects,  to  wind  up  in 
receivership,  and  is  largely  responsible  for  the  disfavor 
with  which  street  railway  projects  are  looked  upon  by 
investors  today. 

Within  the  last  three  years  the  advent  of  the  light- 
weight, one-man  car  has  begun  to  decrease  this  retro- 
grade movement,  and  the  tendency  is  today  toward 
smaller,  lighter  and  cheaper  equipment  with  more  fre- 
quent service. 
Early  horse  cars 
were  models  of 
light-weight  con- 
struction. John 
Stephens,  of  New 
York,  more  than 
fifty  years  ago, 
built  very  light- 
weight street  cars 
of  the  one-horse 
or  "bob-tail"  pat- 
tern. These  cars 
f  r  e  q  uently  had 
bodies  only  12 
feet  long  and 
could  seat  16  pas- 
sengers, the  total 
weight  being  not 
.nore  than  one 
ton.      They   were 


1NE-M.\N    CAR    AND    FEATHER-WEIGHT  TRUCK 

,  folding  crank-operated  doors  and  fender  equipment. 


mounted  on  nicely  designed  trucks  framed  up  with  light 
iron  forgings  and  malleable  iron  journal  boxes  and 
spring  seats,  were  fitted  with  combination  coil  and  rub- 
ber springs,  and  with  24  to  30  inch  wheels  of  very  light 
weight. 

The  first  attempt  at  electric  traction  was  the  mount- 
hig  of  motors  on  the  old  horse  car  trucks  but,  due  to  the 
lack  of  data  as  to  the  severe  mechanical  requirements. 
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such  assemblies  quickly  rattled  to  pieces  and  improved 
constructions  were  found  necessary.  These  failures 
were  followed  by  heavier  cars  and  trucks  and,  as  the  art 
of  railway  motor  building  grew,  the  weight  of  the  cars 
steadily  increased,  limited  only  by  the  capacity  of  the 
motors  which  were  commercially  available  to  haul  them. 
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KIG.  2 — LIGHT-WEIGHT,  ONE-MAN  CAR 

With  plate  steel  sides.  Mounted  on  roller-bearing  truck. 
One  great  factor  in  increasing  the  weight  of  street 
cars  was  the  lack  of  engineering  knowledge  on  the  part 
of  car  builders  and  the  prevailing  method  of  constructing 
a  platform  floor  system  of  sufficient  cantilever  strength 
to  carry  the  body  and  passengers.  Light  weight  and 
durable  construction  along  this  line  was  impossible. 
Then  various  subterfuges  were  adopted,  such  as  "hog 
chains"  and  "over-trusses"  with  "composite  sills"  of 
wood  and  steel.  These  makeshifts  greatly  increased 
the  weight,  but  did  not  increase  the  strength  satisfac- 
torily, and  no  proper  solution  was  found  until  Thomas 
Elliott,  in   1897,  began  to  construct  cars  whose  longi- 


To  keep  pace  with  the  calls  for  reductions  in  weight, 
low  cost  of  construction  and  operation  has  required 
innovations  and  advances  in  the  design,  material  and 
construction  of  car  bodies,  trucks  and  electric  motors. 
The  light-weight,  one-man  car  is  generally  smaller  than 
the  ordinary  single-truck  car,  although  it  usually  seats 
more  passengers  than  did  the  single-truck  car  with  20 
foot  body.  The  new  car  usually  seats  twenty  to  twenty- 
eight  passengers  and  is  from  25  feet  to  30  feet  long  over 
bumpers.  It  should  weigh  ready  for  operation,  not  more 
than  9000  to  1 0000  pounds.  Such  cars  can  be  bought, 
complete  with  trucks  and  motors,  for  $2500  to  $3000. 
The  weight  is  distributed  about  as  follows: — -Body,  5500 
pounds ;  truck,  2300  pounds ;  two  motors,  each  develop- 
ing about  30  horse-power,  800  to  900  pounds  each. 
Chilled  iron  car  wheels  are  now  available  weighing  ap- 
proximately 200  pounds  each.  The  entire  equipment 
has  been  refined,  even  down  to  the  brake  shoes,  which 
weigh  13  pounds  and  cost  25  cents,  compared  with  those 
of  the  old  type,  which  weigh  30  pounds  and  cost  60 
cents  each. 


FIG.  3 — STEEL  SKELETON  FOR  ONE-MAN,  LIGHT-WEIGHT  CAR 

Showing  plate  girder  sides  and  letter  boards, 
tudinal  stiffness  depended  upon  the  girder  efifect  of 
sheet  steel  sides  which  replaced  the  old  wooden  sheeting 
and  formed  a  girder  of  a  width  extending  from  the 
window  rail  to  the  bottom  of  the  side  sill  and  from 
corner  jwst  to  corner  post  of  the  car. 


FIG.   4 — AISLE    VIEW    OF   CAR 

Showing  cross  seats,  round  top  roof,  fare  box  and  the 
absence  of  bulkhead. 

The  truck  design  of  the  new  cars  has  been  worked 
out  with  coil  springs  operating  in  series  with  semi- 
elliptic  springs,  so  that  the  riding  qualities  are  superior 
to  any  single  trucks  heretofore  marketed.  Teetering  is 
practically  eliminated,  due  partly  to  the  long  wheel  base, 
generally  nine  feet,  and  to  the  use  of  coil  springs  in 
series  with  leaf  springs.  Longer  wheel  base  is  per- 
missible, because  the  submergence  of  flange  on  the  24 
inch  wheel  in  the  guard-rail  groove  is  shortened  to  such 
an  extent  that  the  nine-foot  wheel  base  truck  will  round 
short-radius  curves  about  as  easily  as  the  old  seven-foot 
truck  with  33  inch  wheels.  The  improved  riding  quali- 
ties of  these  trucks  are  remarkable ;  in  fact,  these  cars 
ride  practically  as  well  as  the  jitneys  with  which  they 
compete. 

Steel  side  car  construction  has  reduced  the  thickness 
of  the  car  side  from  4  to  6  inches  down  to  i  inch  or  less, 
giving  a  corresponding  increase  in  the  aisle  width  rang- 
ing from  6  to  10  inches. 

Coupled  with  the  savings  in  power,  track  main- 
tenance, wheel  and  brakeshoe  wear  by   reduction   of 
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•weight,  the  economy  of  the  Hght-weight,  one-man  car  has 
been  greatly  increased  by  the  simpHfication  of  the  body 
and  improvements  in  wearing  parts.  For  instance,  the 
doors  have  been  so  designed  that  no  mechanism  is  re- 
quired for  their  operation  and  the  old-style  hinges  have 
been  replaced  by  continuous,  durable  hinges  of  "piano- 


FIG.    5 — CORNER   DOOR    OK    CAR 

Showing   folding  doors   fitted  with   piano-box  hinges  and   sta- 
tionary step  and  drawhead. 

box"  construction,  incidentally  keeping  out  cold  air  and 
excluding  dirt.  The  trucks  have  been  so  designed  that 
the  wearing  parts  are  unusually  accessible.  An  axle  with 
wheels  may  be  removed  by  simply  loosening  U-bolts 
from  the  journal  boxes,  while  the  brakeshoes  may  read- 
ily be  replaced  and  adjusted  by  means  of  a  single  nut. 

The  light-weight  cars  for  many  cities  or  suburban 
routes  are  equally  as  fast  in  loading  and  schedule  as  are 
the  two-man  cars.  For  instance,  with  500  volts  at  the 
trolley  and  a  load  of  twenty  passengers,  an  acceleration 
of  1.5  miles  per  hr.  per  sec.  can  be  obtained.  Assuming 
ordinary  grades  and  six-second  stops,  the  following 
schedule  speeds  can  be  obtained : — Five  stops  per  mile, 
1 1.4  m.p.h. ;  five  and  one-half  stops,  11  m.p.h. ;  six  stops, 
10.7  m.p.h. ;  six  and  one-half  stops,  10.3  m.p.h. ;  seven 
stops,  10  m.p.h. 

The  greatest  economy  of  these  cars  is  due  to  their 
light  weight  and  the  elimination  of  the  conductor.  In 
other  words,  the  platform  labor  has  been  divided  by  two, 
as  a  rule,  where  one-man  cars  have  been  installed.  There 
are,  however,  exceptions  in  some  cities  where  the  travel 
is  usually  very  heavy  on  one  end  of  the  line  for  certain 
hours  of  the  day.  In  such  cases  it  is  customary  during 
such  hours  to  put  on  a  "swing  run"  conductor,  who  rides 
out  to  the  first  passing  point  and  collects  the  fares, 
swinging  over  to  the  next  car  and  returning  to  the  start- 
ing point  for  another  swing  run.  In  some  other  cases 
where  the  car  line  runs  through  a  city  with  a  fare  zone 
in  the  city  and  other  fare  zones  at  either  end,  it  is  occa- 
sionally essential  to  use  a  conductor  to  take  up  the  fares 
in  the  middle  zone,  leaving  the  motorman  to  collect  the 


fares  from  the  passengers  boarding  the  car  in  the  outer 
zones. 

In  case  of  some  eighteen  cars  operated  under  the 
direction  of  the  writer  on  four  street  railway  lines  there 
was  an  approximate  saving  of  $5  per  car  per  day  in 
platform  expense.  Under  ordinary  conditions,  one-man, 
light-weight  cars  require  a  maximum  of  0.75  kw-hr.  per 
car-mile,  as  against  1.75  to  2.5  for  the  ordinary  single- 
truck,  two-man  car  weighing  10  to  15  tons.  This  saving 
in  power  at  1.5  cents  per  kw-hr.  at  the  trolley  wheel,  and 
a  mileage  of  180  per  day,  usually  amounts  to  $2  or  $3 
per  day. 

It  has  been  found  that  the  200  pound,  24  inch  chilled 
iron  car  wheels  have  two-thirds  the  life  of  the  600 
pound,  T,2,  inch  wheels  as  a  rule.  That  is,  the  wheel  cost 
is  reduced  to  approximately  one-half,  with  a  correspond- 
ing saving  in  rail  wear  and  joint  maintenance.  Many 
recent  improvements  in  light-weight,  ventilated  railway 
motors  have  reduced  the  cost  of  motor  maintenance  to 
less  than  half  the  former  cost  per  motor  mile.  The 
25  cent  brakeshoes  have  been  giving  an  average  life  of 
7500  miles. 

Actual  records  of  claim  departments  show  the  per- 
centage of  miscellaneous  accidents  to  have  been  materi- 
ally reduced,  while  boarding  and  alighting  accidents  have 
been  practically  eliminated.  Collisions  with  vehicles 
seem  to  have  been  reduced  by  reason  of  lighter  weights 
and  more  quickly  operated,  high-efficiencv  brakes.     New 
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FIG.  6 — VESTIBULE  OF  CAR 
Showing  motorman's  seat  and  automatic  or  "deadman's"  han- 
dle on  controller  for  automatically  cutting  off 
power  and  applying  brakes. 

trucks  have  been  developed  with  hand  brakes  which 
require  practically  no  more  labor  to  operate  than  air 
brakes  or  automobile  brakes,  as  the  brakes  are  applied 
with  only  half  a  turn  of  the  crank  handle,  and  a  moder- 
ate pull  on  the  brake  handle  is  sufficient  to  skid  the 
wheels. 
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The  introduction  of  the  steel  side  car,  with  the 
elimination  of  the  bulk  head  and  double  sliding  doors, 
together  with  the  simplification  of  the  trucks  and  wear- 
ing parts,  has  reduced  car  maintenance  fully  half.  In 
other  words,  the  light-weight,  one-man  car  can  be  said 
to   cost    approximately    one-half    to    operate,    less    than 


WG.   7 — FEATHER-WEIGHT   TRUCK   FOR   ONE-MAN    CAR 

Showing  "Wee"  motor  mounted,  coil  springs  working  in  series 

with  leaf  springs  and  direct-brake  rigging  of 

simple  construction. 

one-half  for  power,  about  one-half  for  platform  ex- 
pense, one-half  for  maintenance  and  one-half  for  acci- 
dent expense.  With  such  cars  it  is  feasible  to  double 
the  headway  on  streets,  thus  increasing  the  conveni- 
ence to  the  public,  with  a  resulting  increase  in  traffic 
and  at  the  same  time  keeping  within  the  present  limit 
of  operating  costs.  This  makes  most  effective  compe- 
tition for  jitneys,  as  there  is  nothing  equal  to  frequency 
of  service  for  building  up  travel,  especially  in  those 
cities  where  the  traffic  density  is  such  that  it  is  imprac- 
ticable with  the  two-man,  heavy-weight  car  to  operate  at 
less  than  15  minute  headway. 

The  light-weight  car  is  changing  the  economics  of 
street  railway  construction,  and  some  new  railway 
projects  which  were  not  feasible  heretofore  will  become 
profitable  with  such  cars,  for  50  pound  rails  can  be  used 
where  previously  70  pound  rails  would  have  been  re- 
quired. There  will  be  a  corresponding  difference  in  the 
cost  of  bridges,  power  stations,  lines,  etc.  It  is  believed 
that  these  cars  will  be  the  salvation  of  many  properties 
which  are  now  in  a  precarious  financial  condition. 

Notwithstanding  the  great  advance  in  the  art  of  car 
building  there  is  still  room  for  progress.  .Vt  present  the 
cost  of  a  24  passenger,  10  000  lb.,  single-truck,  one-man. 


Showing  extra  long  sjiring  base  and  roller  bearings  on   a.xles. 

light-weight  car  with  feather-weight  motors  is  approxi- 
mately $2500  to  $3000.  This  is  in  sharp  contrast  with 
the  cost  of  automobiles  being  used  as  jitneys.  For  in- 
stance, a  Ford  car  costs,  say  $365  complete,  with  its 
own  motor  and  rubber  tires.  This  great  difference  in 
the  cost  is,  of  course,  due  largely  to  the  larger  size  of  the 


electric  car,  but  after  making  due  allowance  for  size  and 
weight  the  difference  is  very  great  and  can  be  accounted 
for  by  the  fact  that  automobiles  of  one  design  are 
manufactured  by  the  himdred  thousands,  whereas  elec- 
tric railway  cars  are  built  to  order  in  lots  that  average 
one  dozen  or  less,  almost  every  lot  differing  in  size,  de- 
sign, truck  arrangement,  trimming,  painting  and  the  de- 
sign of  doors,  platforms,  roof,  windows,  seats,  motors, 
wheels,  axles  and  wiring. 

If  tramway  managers  could  see  the  importance  of 
submerging  their  own  ideas  for  special  car  designs  and, 
through  proper  committees  of  engineers,  agree  on  say 
three  sizes  or  types  of  electric  cars  to  be  standardized 
by  all  builders,  the  cost  of  building  cars  would  be  very 
greatly  reduced,  and  it  does  not  seem  impossible  to  ex- 
pect that  a  small  light-weight  car  might  eventually  be 
sold  for  one-half  the  present  price. 

The  limitation  of  the  car  designs  to  a  few  standard 
sizes  has  equally  great  possibilities  in  the  way  of  weight 
reduction  and  the  improvement  in  details  of  construe- 
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I'lG.    () — I'l.AN    VIKWS    I>1'    ().\i;-MAN,    l.IOHT-WEIGHT    CARS 

For  one-way  and  double-end  operation, 
tion.  It  should  be  easy  to  construct  an  electric  car, 
which  does  not  produce  its  own  power,  for  running 
on  rails  that  would  weigh  less  than  an  automobile  of 
eciual  carrying  capacity,  but  the  weight  efficiency  of 
even  the  best  light-weight  cars  so  far  constructed  is 
from  one  and  a  half  to  two  times  that  of  ordinary  auto- 
mobiles of  equal  capacity.  Until  these  ideals  shall  have 
been  approximated,  it  will  not  be  possible  to  give  that 
frequentcy  of  service  or  obtain  the  low  cost  of  operation 
necessarv  to  give  the  public  and  the  electric  railway 
stockholders  the  full  benefits  which  should  come  from 
good  service  and  reasonable  profits  on  street  railway  in- 
vestments. AN'hen  such  rolling  stock  l)ecomes  available 
there  will  be  a  great  reduction  in  the  e.xpenditures  nec- 
essary for  track  construction,  track  maintenance ;  also  in 
cost  of  power  houses,  substations  and  lines,  which  at 
present  have  an  average  cost  approximating  $1500 
])er  car.  With  lighter  and  less  expensive  tracks,  it  is 
reasonable  to  expect  that  electric  railway  develop- 
ment will  be  pushed  into  new  territory  and  that  the 
public  will  be  greatly  benefited  by  the  extension  of  fast 
car  service. 


Toledo  Adopts  Train  Control 

C.  A.  Brown 

Master  Mechanic, 

'fhc  Tcilfilo  Railways  &  Light  Company 


Till-:  Toledo  Railways  &  Light  Company  has  been 
operating  certain  of  its  lines  in  the  city  of  Toledo 
without  a  franchise  since  191  o,  and  the  company 
has  had  trying  experiences  with  municipal  regulation, 
three-cent  fares,  etc.,  from  that  time  up  to  the  present. 
After  several  years  of  uncertainty  as  to  the  property's 
future  status,  during  which  the  purchase  of  additional 
equipment  had  been  necessarily  deferred,  the  courts 
recently  restored  the  five-cent  fare  and,  out  of  the  addi- 
tional revenues  made  available,  ordered  set  aside 
monthly  a  certain  sum  to  be  devoted  to  the  acquisition 
of  new  rolling  stock. 

The  local  officers  and  the  Henry  L.  Doherty  man- 
agement desired  that  the  new  cars  provided  for  in  the 
court  decision  should  be  of  the  most  up-to-date  con- 
struction and,  as  a  preliminary  to  the  final  decision  re- 
garding the  type  of  equi])nient,  samples  of  three  dift'er- 


lac.    I — TYPICAL   PICNIC   DAY    SCKNE 

Subnrlian  cars  ready  to  leave  city  over  the  single-track  line 
to  Toledo  Beach.  Sometimes  it  is  necessary  to  make  use  of 
some  of  the  regular  city  cars  on  this  line.  On  these  occasions 
train  operation  is  expected  to  materially  assist  in  minimizing 
delays  at  sidings. 

ent  cars  borrowed  from  other  companies  were  tried  out 
in  actual  service  in  Toledo.  The  previous  Toledo  stand- 
ard had  been  for  several  years  the  pay-as-you-enter 
type  car  with  front  and  rear  platforms.  The  cars  seated 
50  to  55  persons,  weighed  about  41  000  pounds  without 
load,  and  were  equipped  with  two  W'estinghouse  No. 
310-C  motors.  The  first  two  cars  borrowed  for  trial 
were  also  equipped  with  two  motors  and  intended  for 
single-car  operation,  but  differed  from  the  Toledo  cars 
in  that  they  were  of  the  center-entrance  type. 

The  third  type  of  car  borrowed  for  trial  was  ob- 
tained from  the  Cleveland  Railways  Company,  and  rep- 
resented the  most  advanced  practice  in  Cleveland.  The 
car  was  equipped  with  four  motors  capable  of  hauling 
a  trailer  all  day  long,  and  the  complete  motor  car  and 
trailer  unit  was  tested  on  the  various  lines  in  Toledo. 
The  trailer  was  of  the  center-entrance  type  and  had 
only  the  one  entrance  and  exit.     The  motor  car,  how- 


ever, had  also  a  drop  platform  at  the  front  end  and  was 
known  as  the  "front-entrance,  center-exit"  type.*  All 
passengers  board  the  car  at  the  front  end  and  do  not 
pay  their  fare  until  they  pass  the  conductor's  stand  at 
the  center  of  the  car.  This  gives  about  half  the  car  as  a 
loading  platform  and  enables  the  passengers  to  get 
aboard  in  much  shorter  time  than  if  they  had  to  pay 
fares  before  entering  the  body  of  the  car.  Some  of  the 
passengers  take  seats  near  the  front  of  the  car  and  do 
not  pay  their  fare  until  they  leave  by  one  of  the  center 
doors.  Others  pay  as  they  pass  the  conductor  on  their 
way  to  the  rear  part  of  the  car  and  can  then  get  off  by 
the  second  center  door  without  having  to  stop  for  pay- 
ment of  fare.  The  motor  car  seats  about  54  and  the 
trailer  60  people. 

The  success  of  this  large  capacity  train  unit,  partic- 
ularly in  handling  crowds  from  the  factories  and  from 
the  downtown  district  during  the  rush  hour,  and  the 
economy  in  crew  expense  possible  with  the  tw^o-car  train 
operation,  led  the  Toledo  Railways  &  Light  Company 
to  decide  that  their  new  cars  should  be  of  a  similar  type. 

In  the  consideration  of  details  of  equipment  it  was 
brcjught  out  that  as  an  alternative  to  the  motor  car  and 
trailer  scheme  the  equipment  of  each  car  with  motors 
and  control  for  independent  or  train  operation  offered 
certain  advantages.  Before  the  final  decision  was  made 
the  engineers  of  the  Henry  L.  Doherty  Company  and 
the  Toledo  Railways  &  Light  Company  carefully  inves- 
tigated the  relative  merits  of  the  two  schemes  and  the 
following  points  were  brought  out : — 

' — The  motor  car  and  trailer  form  of  train  unit  first  con- 
sidered would  give  the  necessary  additional  rush-hour  seating 
capacity  for  the  mmnnum  first  cost.  The  additional  cost  of  a 
two-car  multiple-unit  train,  as  compared  with  the  motor  car 
and  trailer  unit,  would  be  about  $850,  or  $425  per  car,  for  the 
particular  type  of  equipment  considered. 

- — This  two-car  train  unit,  however,  could  be  efficiently 
used  only  during  morning  and  evening  rush  hours,  and  on  holi- 
days or  other  special  occasions.  The  combined  seating  capacity 
of  motor  car  and  trailer  would  be  about  no  people,  which  would 
ordinarily  be  much  greater  than  the  traffic  requires.  There- 
fore, during  a  large  part  of  the  day  the  trail  car,  representing 
about  yi  percent  of  the  first  cost  of  the  train  unit,  would  lie 
idle  in  the  barn. 

J— During  the  non-rush  hour  part  of  the  day  it  would  be 
necessary  to  keep  in  service,  on  certain  lines  in  the  citv,  rolling 
stock  that  was  comparatively  expensive  to  operate,  while  half 
of  the  new  cars,  being  trailers,  could  not  be  used  economically. 

4 — On  Sundays  and  special  occasions  during  the  summer 
the  traffic  on  some  of  the  suburban  lines,  particularly  the  To- 
ledo Beach  line  (13  miles  long),  becomes  so  heavy  that  it  is 
necessary  to  supplement  the  regular  suburban  equipment  with 
some  of  the  regular  city  cars.  As  the  line  is  single  track  it 
sometimes  happens  that  as  many  as  four  or  five  cars  follow 
one  another  from  siding  to  siding  and,  aside  from  the  element 
of  risk,  there  is  a  considerable  delay  at  sidings  awaiting  for  the 
last  car  to  come  up.  This  situation  would  be  considerably  im- 
proved by  even  partial  multiple  operation  of  trains  of  three  to 
five  cars. 


*See  article  on  "The  26  Inch  Wheel,  Low-Floor  Cars  in 
Cleveland,"  by  Mr.  Terrance  Scullin,  in  the  Journal  for  Octo- 
ber, 1915,  p.  488. 
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5— Trailer  operation  involves  four-motor  equipment  ot 
such  capacity  that  the  most  economical  type  of  motor,  the  field- 
control  type,  could  not  be  used  unless  the  more  expensive  re- 
mote control  were  purchased.  This  was  because  no  K  con- 
troller of  a  suitable  type  had  as  yet  been  developed.  ihc 
economy  of  field  control  in  the  Toledo  service  had  been  dem- 
onstrated by  a  sample  equipment  placed  in  service  in  1914- 
Careful  tests  showed  a  saving  in  power  of  approximately  17 
percent  compared  to  the  non-field-control  equipment,  with  both 
equipments  geared  to  give  about  the  same  free  running  speed. 
This  large  saving  might  not  be  obtained  on  the  new  cars,  but  1 
was  estimated  that  the  saving  in  power  due  to  field  control 
would  be  at  least  seven  percent. 

6— The  combined  weights  of  the  motor  car  and  the  trailer 
would  be  less  than  that  of  the  two-car  multiple-unit  train,  but 
the  weight  of  the  single  car  with  two  motors  would  be  less 
than  that  of  the  car  equipped  with  four  motors  for  hauling  the 
trailer  Therefore,  if  two-car  train  operation  were  realized 
100  percent  of  the  time,  the  motor  car  and  trailer  would  have 
the  better  weight  economy,  but  any  mileage  made  by  the  tour- 
motor  car  operating  alone  would  require  additional  power  as 
compared  to  operating  the  two-motor  car. 

A  careful  study  of  these  different  factors  led  to  the 
conclusion  that  the  relative  economy  of  the  motor  car 
and  trailer  as  compared  with  the  two  self-propelled 
units  depended  altogether  upon  the  percentage  of  time 
two-car  operation  would  obtain.  It  was  estimated  that 
out  of  a  working  day  of  16  hours  there  would  be  about 
six  hours  during  which  two-car  trains  might  be  operated 
economically.  With  this  as  a  basis,  a  comparison  was 
made  of   the  power   consumption   of   motor   cars   and 


FIG.    2— SCHEMATIC    DI.\GRAM    OF    DOOR    CIRCUIT    OF    TWO-CAR    TRAIN 

Power  cannot  be  applied  to  the  motors  until  all  the  doors  of  the 
car  or  train  are  closed. 

trailers  versus  all-motor  cars.  It  was  assumed  that  the 
new  motor  cars  would  be  operated  all  day,  and  that  in 
the  one  case  the  trailers  would  be  withdrawn  during 
non-rush  hours,  and  in  the  other  case  the  two-car 
multiple-unit  train  would  be  broken  up  into  twice  as 
many  one-car  trains  and  some  of  the  older  equipment 
would  be  sent  to  the  barn.  It  was  estimated  that  under 
these  latter  conditions  the  saving  in  power  alone  would 
just  about  oflfset  the  additional  fixed  charges  for  the 
double  motor  train  control  equipments,  and  this,  to- 
gether with  the  savings  in  inaintenance  and  the  oper- 
ating and  other  advantages  mentioned,  were  considered 
important  enough  to  justify  the  investment. 

CONTROL   EQUIPMENT 

The  control  equipment  of  these  cars  is  Westing- 
house  light-weight  type  HLF,  arranged  for  single-end 
operation  as  a  single  car  or  in  trains  of  several  cars.  It 
is  also  equipped  with  a  bus  line,  so  that  all  of  the  trolleys 
of  a  train  do  not  have  to  be  raised.  Interconnected  with 
the  control  system  is  a  door  interlock  arrangement, 
which  prevents  a  car  or  train  from  being  started  until 
all  doors  are  closed,  and  also  a  rear  light  signal  system 
which  indicates  whether  the  car  is  standing  still,  start- 
ing or  moving. 


The  connections  of  the  door  interlock  circuit  are 
shown  schematically  in  Fig.  2.  The  door  circuit  switch 
is  closed  only  on  the  rear  car,  so  that  the  current  for  the 
contact  passes  through  all  the  door  interlocks  of  the 
train  in  series  to  the  master  controller  on  the  first  car 
and  thence  to  the  control  circuits.  This  arrangement 
allows  the  controller  to  be  placed  on  the  first  notch  as 
soon  as  the  car  stops,  so  that  the  car  will  start  immedi- 
ately when  all  the  doors  are  closed.  A  signal  light  is 
also  provided  near  the  controller  which,  by  lighting  up, 
tells  the  motorman  when  all  the  doors  are  closed. 

A  slip  ring  is  provided  on  the  master  controller 
which  causes  several  of  the  important  circuit-making 
switches  to  open  simultaneously  whenever  the  controller 
handle  is  moved  one  notch  toward  the  off  position.  This 
distributes  among  several  switches  any  burning  that 
may  occur  when  the  controller  is  notched  off,  thus  in- 
suring a  maximum  life  of  switch  contacts  and  arc  box 
sides. 

The  connections  of  the  rear  signal  light  system  with 
the  main  circuits  are  shown  in  Fig.  3.  When  the  car  is 
standing  still  the  circuit  is  completed  through  a  red 
light  by  the  resistance  which  shunts  the  No.  2  motor 
fields.     This  resistance  is  high  in  comparison  with  the 


FIG.    3 — SCHEMATIC   DIAGRAM    OF    MAIN    CIRCUIT   AND   REAR-END 
SIGNAI,    LIGHT   ON    TOLEDO    CARS 

At  Standstill  the  red  lamp  burns  brightly  and  the  green 
lamp  is  out.  On  the  first  notch  the  green  lamp  lights  up  and 
stays  lit  as  long  as  power  is  on.  As  the  main  resistance  is  cut 
out  the  red  light  becomes  dimmer ;  at  the  full  series  position  it 
gets  half  voltage ;  at  full  parallel  it  is  shunted  out  by  the  main 
circuit. 

resistance  of  the  motor  field  and,  therefore,  does  not 
interfere  with  the  normal  operation  of  the  motors. 
During  series  running  a  green  light  burns  also  on  ac- 
count of  closing  the  LS  switch.  During  parallel  run- 
ning the  potential  across  the  red  light  is  reduced  to  zero, 
which  extinguishes  the  red  light,  but  the  green  light, 
being  directly  across  the  line,  still  burns. 

The  brake  equipment  is  of  the  Westinghouse 
straight  air  type  with  an  automatic  emergency  feature, 
by  means  of  which  the  flexibility  and  simplicity  of  the 
straight  airbrake  is  retained  for  ordinary  service  oper- 
ations, with  the  additional  protection  afforded  by  the 
automatic  application  of  the  brake  in  the  event  of  rup- 
tured piping.  The  factor  of  safety  is  still  further  in- 
creased by  making  it  possible  for  the  conductor  to  set 
the  brakes  in  emergency,  if  conditions  require,  through 
a  conductor's  valve. 

The  motor-driven  air  compressor  is  of  the  "bunga- 
low" type,  of  which  the  most  pronounced  features  are 
low  overall  height,  light  weight,  accessibility  and  large 
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capacity  of  the  motor.  It  is  suspended  from  the  car  should  the  emergency  hne  become  ruptured  from  any 
underframe  by  a  special  light-weight  suspension  of  the  cause  or  should  the  conductor  open  the  conductor's 
three-point  type,  which  makes  for  ease  of  mounting  and      valve.     It  has  a  sanding  feature  whereby  sand  is  auto- 


FIC.   4 — RAILWAY    SYSTEM 

OF  THE 

CITY   OF   TOLEDO 

Number 

Name  of  Line 

No.  Cars 
Operated 

Headway 

Mileage 

Number 

Name  of  Line 

No.  Cars 
Operated 

Headway 

Mileage 

Normal 

Rush 

Normal 

Rush 

Normal 

Rush 

Normal 

Rush 

I 

3 
4 
5 
6 
7 
8 
9 
10 

8 
8 

12 
8 
5 

6 

U 
10 

19 

II 
5 

17 
II 

lo 

9 

6 
II 

8.5 

7.5 

75 

75 

4 

7-5 

S 

6 
6 

7. 175 
5  306 
4  985 
4.939 
6.332 
6.05 
4.251 
2.572 

8,335 
5-052 

13 
14 
IS 
l5 
17 
18 
19 

East  Broadway 

Starr  &  Maumee 

6 
S 
5 

6 

8 
5 

10 

7 

8 

8 

IS 

30 
30 

6 

6 
6 

IS 

30 
30 

75 

2.91A 
4-234 
4.  261 
3.78s 
S.205 
0.635 
0.26 
1.308 
1.029 
5.038 

Cherry  &  Union  Depot. . 

Indiana  &  Stickney 

Nebraska  &  Lagrange . . . 

Dorr  Street  Line 

South  Street  Line 

Long  Belt  Cross  Line .... 

Ottawa  Park  Line 

Lagrange  Short  Line. .  .  , 
Erie  &  Western 

Michigan  Avenue 

Summit  &  Broadway. . .  - 
Oak  &  Union  Depot ,  .  .  . 

dismounting  from  the  car.  The  compressor  governor  is  matically  applied  to  the  rails  during  emergency  appli- 
of  light  weight,  compact  and  simple  design.  An  emer-  cations.  The  remainder  of  the  equipment  includes  the 
gency  valve  operates  to  apply  the  brakes  automatically      usual  brake  valve,  main  reservoir,  air  gage,  etc. 


Operation,  Maintenance  and  Performance  of 
Storage  Battery  Cars 


ON    THE    LONG    ISLAND    RAILROAD 

R.  VV.  Brodmaxx 

General  Foreman  Electrical  Eiiuipnu'iit. 

Lonsr  Island  Railroad  Company 


R.  W.  Bkopmann 


IN  SEPTEAIBER,  1914,  two  storage  battery  cars 
equipped  with  multiple-unit  control  were  placed  in 
service  on  a  short  connecting  line  of  the  Long  Island 
Railroad,  known  as  the  New  York  Bay  Extension,  be- 
tween the  tiiMns  of  Mineola,  on  the  main  line,  and 
\'alley  Stream,  (jh  the 
Alontaiik  division,  b  o  t  h 
important  junctions  o  n 
the  Long-  Island  System. 
Ibis  liranch  lino  is  J.t, 
miles  long,  has  six  inter- 
mediate stations,  and  was 
f  o  r  ni  e  rly  operated  by 
steam.  Xinc  round  tri])s 
constitute  the  daily  sched- 
ule, and  connections  arc 
made  at  l)oth  terminals 
with  the  main  line  tr.ains. 
The  running  time  is  2,^ 
minutes.  Both  of  the  above-named  towns  lie  within 
the  electrified  zone,  yet  the  branch  line  was  not  elec- 
trified ;  hence  the  selection  of  storage  battery  cars.  The 
third-rail  voltage  in  the  electrified  zone  is  approxi- 
mately 675  volts  and,  as  the  cars  require  but  415  volts 
for  charging,  a  resistance  was  mounted  on  each  car  in 
connection  with  suitable  switches  and  portable  jumper, 
by  means  of  which  the  cars  could  be  charged  anywhere 
where  third  rail  was  available.  This  rather  unique  self- 
contained  arrangement  eliminated  regular  charging  sta- 
tions and  made  the  cars  available  anywhere  within  the 
electrified  zone.  The  jumper  is  a  flexible,  well-insulated 
cable,  fitted  at  one  end  with  a  standard  head  that  fits 
into  a  receptacle  on  the  car  body,  while  a  prong-shaped 
contact  with  suitable  handle  is  provided  on  the  other 
end.     This  ]jrong  is  thrust  against  the  third  rail. 

CAR   BODIES   AND   TRUCKS 

There  are  two  types  of  cars,  one  for  passengers  only, 
and  the  other  a  combination  passenger-baggage  car. 
Both  cars  have  the  same  dimensions  and  the  same  design 
of  steel  underfraine.  End  doors  are  provided  in  the 
vestibules  to  enable  multiple  operation,  but  body  end 
bulkheads  are  omitted. 

The  bodies  are  32  ft.  9  in.  long  over  j)latforms  8  ft. 
4  in.  wide,  and  are  mounted  on  Continental  type  single 
trucks,  with  a  12  ft.  wheel  base.  Standard  M.C.B. 
4.5  X  8  in.  journals  and  30  in.  wheels  are  used,  and  the 
car  coinplete  with  equipment  weighs  28000  lbs.  Seat- 
ing capacity  of  ])assenger  car,  32. 


ELECTRICAL  EQUIPMENT 

As  the  cars  were  iiUended  to  be  operated  either 
sittgly  or  in  nniltiple  as  a  train,  as  traffic  demand.  West- 
inghouse  multijjle-unit  control,  PK  type,  was  installed. 
This  equipment  consists  of  a  main  or  motor  controller 
with  PK  attachment,  moiuited  on  a  platform :  limit 
switch  and  overload  relay  are  placed  overhead  on  the 
same  platform.  The  line  switch  and  resistors  are  tmder- 
neath  the  car,  and  a  master  controller  mounted  on  each 
platform.  The  control  wires  terminate  in  a  standard 
seven-];oint  receptacle  at  each  end  of  the  car,  and  by 
means  of  a  single  seven-point  jumper  between  the  two 
cars  nnilti])lc  o])erati()n  can  be  obtained  from  any  master 
controller  on  the  tr.iin.  All  control  and  power  wiring 
is  installed  in  conduit,  terminating  in  suitable  jtmction 
boxes,  according  to  established  standards  used  on  the 
large  third-rail  eqtiipment  operated  by  this  company, 
^lany  of  the  control  parts  are  also  interchangeable  with 
similar  parts  used  on  the  larger  cars,  thus  minimizing 
the  number  of  repair  parts  to  be  carried  in  stock. 

There  are  two  20  hp,  250  volt.  Type  65-.\3,  ball- 
bearing motors  i)er  car,  one  geared  to  each  axle.  These 
motors  are  also  of  Westinghouse  make,  and  specially 
designed  for  this  service,  field  control  being  used  to  re- 
duce the  heavy  current  demands  while  .starting.  The 
motors  are  water  and  dust  proof  and,  on  account  of 
their  small  size,  arc  easily  accessible  for  inspection. 

AIRBRAKE  SYSTEM 

Westinghouse  "Featherweight"  type  airljrakc,  with 
automatic  feature,  is  used.  Each  car  is  equipped  with 
a  motor  compressor,  moimted  under  the  car,  a  synchron- 
izing governor  and  a  pneumatic  pump  switch  placed 
overhead  on  No.  2  platform,  and  the  necessary  engi- 
neer's valves,  brake  cylinder,  reservoirs,  etc.,  in  their 
respective  places.  The  train  pipe  is  carried  to  each  end 
and  fitted  with  standard  hose  and  coupling  for  multiple 
operation.  The  automatic  feature  is  obtained  in  con- 
nection with  the  master  controller.  Contacts  are  pro- 
vided so  that  if  the  motorman  takes  his  hand  off  the 
handle  it  returns  automatically  to  the  central  position, 
and  a  magnet  valve,  controlling  the  train  brake  relay 
valve,  is  energized,  the  relay  is  o])encd  and  the  brakes 
are  automaticallv  applied. 

STORAGE    B.\TTERY 

The  passenger  car  has  a  battery  of  224  Edison  A-H-4 
cells;  219  of  these  are  used  for  power;  the  remaining 
five  are  used  for  the  lighting  systein,  the  compressor 
synchronizing  circuit   and   the   electropneumatic    signal 
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whistle.  The  air  compressor  and  the  PK  control  are 
operated  from  the  power  battery.  The  batteries  are 
placed  under  the  seats  and  insulated  by  means  of  special 
glass  insulators.  The  power  battery  in  the  combination 
car  consists  of  231  cells.  This  is  due  to  more  space 
being  available,  as  the  baggage  compartment  extends  to 
the  end  of  the  car.  the  platform  being  eliminated,  and 
the  master  cnntroller.  etc.,  lieinir  mounted   in  the  bag- 


I — lll.\C.K.\M    OF  CH.\KC.I.\i: 


gage  compartment.  The  battery  is  rated  at  150  ampere- 
hours  and,  by  means  of  a  single-pole,  single-throw  knife 
switch,  mounted  in  a  cabinet  at  No.  2  end  of  car,  the 
battery  can  be  charged  either  at  a  70  ampere  or  35 
ampere  rate,  as  conditions  demand.  The  light  batteries, 
when  recjuiring  charge,  are  connected  in  series  with  the 
power  battery.  Fig.  i  is  a  diagram  of  the  charging  cir- 
cuits. The  two  double-pole,  double-throw  knife  switches 
are  also  mounted  in  a  cabinet  on  No.  2  platform.  The 
cars  receive  a  regular  four-hour  charge  every  night. 
This  is  done  by  the  substation  operator  at  Valley  Stream, 
who  also  flushes  the  batteries  and  keeps  them  clean. 
During  the  day,  when  cars  are  in  service,  the  motor- 
ni;in  charges  the  batteries  at  l)oth  terminals  during 
lay-o\er-. 

AUXILIARY    EQUIPMENT 

The  lighting  system  consists  of  14  six-watt,  six-volt 
J\Iazda  lamps,  and  the  headlights,  which  are  of  the 
Golden  Glow  type,  are  provided  with  36  watt,  six-volt 
concentrated  tilament  lamps.  Both  air  whistles  and  foot 
gongs  are  provided  for  crossing  signals. 

INSPECTION   AND   MAINTENANCE 

A  repairman  from  the  company's  main  shops  at 
Morris  Park  is  sent  to  Valley  Stream  weekly  to  inspect 
these  cars  and  make  all  necessary  repairs  and  adjust- 
ments. .A  ~niall  car  barn,  with  pit.  is  located  at  Valley- 
Stream  for  the  accommodation  of  these  cars,  and  one 
car  is  placed  over  the  pit  and  inspected,  while  the  other 
maintains  the  service.  When  the  first  car  is  inspected 
the  cars  are  exchanged  and  the  other  car  is  taken  in 
for  inspection.  In  this  manner  it  has  lieen  possible  to 
take  care  of  the  equipments  without  interruption  of 
service. 

Should  the  cars  require  extensive  repairs,  such  as 
replacing  wheels,  or  body  repairs,  that  cannot  be  han- 
dled by  the  inspector,  the  cars  are  brought  to  the  Morris 
Park  shops  by  the  crew  at  the  end  of  the  day's  run.  a 
distance  of  8.5  miles  over  the  ]\Iontauk  division,  under 
their  own  power.  The  cars  are  brought  to  the  shops 
once  a  year  for  a  general  overhauling,  when  the  bodies 
are  painted  and  equipment  thoroughly  overhauled.     In 


this  manner  it  has  l)een  jjossiblc  to  keep  the  e(iui|)ment  in 
tirst-class  condition  without  interrujition  of  service. 

FAILURES 

During  the  two  years  of  operation  failures  have  been 
few.  and  of  no  serious  nature.  Relow  is  a  list  of  the 
failures  ami  their  causes: — 

Xo.  of 
Failures  Cause 

I       Line  switch  interlock  loose,  due  to  locknut  coming  off. 

I       Loose  resistance  lead,  due  to  locknut  coming  off. 

I  Compound  used  for  sealing  contact  plates  on  reverser 
drum  in  controller,  becoming  soft  and  running  over 
the  contacts. 

I       Broken  control  cutout  switch  blade. 

I       "On"  magnet  coil  in  controller  short-circuited. 

I  Poor  tension  on  controller  finger,  failing  to  cut  out  re- 
sistance in  motor  circuit. 

I  Charging  jumper  receptacle  pulled  ofif,  attendant  failing 
to  remove  jumper  before  starting  car. 

3  Pilot  governor  inoperative,  due  to  pipe  scale  on  valve 
seat. 

stuck    open,    due    to    pipe    scale    on 


4       Brake    relay    valvi 

valve  seat. 
I       Defective  fuse   (rcfillable  type)   in  control  circuit. 
I       Broken  resistance  grid,  due  to  striking  obstruction. 

Broken  charging  resistance,  due  to  striking  obstruction. 

Several  failures  not  listed  above  were  caused  by  bat- 
tery containers  being  grounded  to  underframe  of  car, 
due  to  careless  flushing  of  batteries,  and  on  one  occasion 
where  car  was  being  charged  during  a  severe  rainstorm 
with  windows  open.  On  several  occasions  trotible  was 
also  experienced  due  to  battery  being  insufficiently 
charged.  These  should  be  considered  as  man  failures. 
A  recent  inspection  of  the  electrical  equipment  showed  it 
to  be  in  excellent  condition,  with  practically  no  signs"  of 
wear.  The  controllers,  line  switches  and  motors  appear 
as  if  they  had  just  come  from  the  factory,  and  the  bat- 
tery on  a  recent  test  showed  115  percent  of  normal  ca- 
pacity and  mechanically  intact.  The  solution  in  the  l)at- 
T.\BLE  I— RELATI\'K  COSTS— 1915 


Eciuipmcnt. 

Two  Multiple-Unit 
Battery  Cars. 

I  D  53  Locomotive 
1  Pass.-Bagg.  Car 

$20535.02 
I  026.75 
I  1 17 .64 

75,S  44 

$11  683.92 

584-17 

350.49 

2304.81 

Interest  at  5  percent .  . 

Depreciation 

Maintenance 

Handling  coal,  engine- 
house  expense 

Water  supply 

1322  93 

7886.54 

63.00 

4  790 . 80 

41.27 

3485.46 

36  58 

I  309  76 

753  30 
38.70 

Cost  of  power  or  coal. . 
Lalior  for  charging  oi 

oil 

Instrument  work 

Total  costs 

Cost  per  train-mile.  . 

«  8523.63 

0.3928 

$17344.01 

0.7933 

teries  has  been  renewed  but  once  and  the  present  solu- 
tion is  still  good  for  some  time.  The  airbrakes  have  like- 
wise sriven  no  trouble. 


COMPARATIVE    COSTS 


The  relative  costs  of  operation  for  the  year  1915  are 
given  in  Table  I.  The  figures  for  electric  service  are 
actual ;  those  for  steam  service  are  estimated.  The  steam 
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service  formerly  operated  was  never  more  than  one- 
third  the  present  schedule,  as  the  traffic  then  did  not 
warrant  the  expense. 

In  estimating  the  depreciation  chargeable  to  cost  of 
operation,  the  following  percentages  were  taken: — 
Three  percent  for  car  body,  ten  percent  for  storage  bat- 
tery, four  percent  for  electric  equipment,  and  three  per- 
cent for  locomotive.  The  crew  required  to  operate  this 
service  with  electric  equipment  comprises  a  motorman 
and  conductor ;  for  steam  service,  an  engineer,  fireman, 
conductor  and  a  flagman. 

CONCLUSION 

At  present  a  single  car  is  sufficient  to  hanJle  the 
traffic  most  of  the  time.  The  work  is  then  divided  be- 
tween the  two  cars.  No  trouble,  however,  was  experi- 
enced when  a  single  car  was  called  upon  to  handle  the 
entire  service  for  week  intervals  when  the  other  car  was 
not  available  for  this  service.  In  such  cases  the  night 
charge  is  increased  slightly.  A  typical  current  consump- 
tion .sheet  for  24  hours  is  given  in  Table  II. 


T.\BLE   II-CURRENT 

CONSUMPTION   SHEET 

C.\R  No.  2 

Time  of 

Rate 

No.  of 

Amp-hr 

Amp  -hi 

Meter 

Amp- 

charge 

Single 

dis- 

before 

after 

hr. 

trips 

charge 

charge 

charge 

charge 

Night. 

Low 

50 

205 

145 

12:20-  1:00 

Low 

205 

165 

40 

5:25-  5:50 

High 

4 

85 

250 

220 

30 

6:43-  7:00 

High 

2 

40 

260 

245 

15 

Total... 

2 

40 

285 

165 

230 

CAR  No.  4 

Night. 

Low- 

60 

205 

155 

8:15-  8:40 

High 

4 

85 

29o 

265 

25 

9:15-10:40 

Low 

2 

40 

5 

135 

7" 

12:25-  1:00 

Low 

2 

3.S 

270 

240 

30 

Total... 

2 

40 

280 

200 

280 

Car  No. 

Total  car  miles  per  day 130  75 

Total  single  trips  per  day 18 

Max.  number  of  passengers  on  any 
one  trip 30 


Car  No.  4 


Emergency  Braking  of  Direct-Current 
Electric  Vehicles 

J.  A.  Clarke,  Jr. 

IT  IS  as  natural  for  a  motorman  to  "reverse"  his  car  w'hen  it  is  getting  beyond  control  as  it  is  for  a 
man  to  change  his  mind  when  he  finds  his  actions  are  leading  to  certain  calamity.  A  steam  locomotive 
engineer  will  do  the  same  thing.  The  electrically-propelled  vehicle,  however,  has  the  advantage  that  it  can 
be  braked  by  means  of  its  propelling  motors.  This  advantage  is  due  to  the  fact  that  a  dynamo-electric 
machine  designed  for  use  as  a  motor  may,  if  properly  excited  and  connected,  be  used  as  a  generator.  While 
this  fact  is  generally  understood,  the  principles  involved  and  the  successive  actions  produced  in  using  the 
motors  as  generators  for  the  purpose  of  stopping  a  railway  car  have  often  been  misinterpreted.  A  simple 
outline  may  be  of  interest  and  serve  to  explain  the  various  methods  used  in  employing  these  principles  in 
practical  service. 


THE  most  common  method  for  securing  an  emer- 
gency dynamic  brake  is  to  connect  a  pair  of 
motors  in  parallel,  cut  them  ofi  from  the  line  and 
reverse  their  field  connections.  With  a  600  volt,  four- 
motor,  series-parallel  control  equipment,  where  two 
motors  are  permanently 
connected  in  parallel,  it  is 
merely  necessary  to  oper- 
ate the  reverser.  With  a 
600  volt,  two-motor  equip- 
ment, or  a  1200  volt  equip- 
ment using  two  motors  in 
series,  it  is  necessary  to 
turn  the  controller  to  the 
parallel  connection  as  well 
as  to  reverse  their  fields. 

With  most  remote  types 
of  control,  using  a  separate 
drum  for  the  control  of  the 
reverser,  it  is  necessary  to  move  the  main  handle  of  the 
master  controller  to  the  first  notch  as  well  as  to  operate 
the  reverse  handle.     With  two-motor  equipments,  it  is 
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necessary  to  move  the  main  handle  to  the  first  parallel 
notch.  After  the  emergency  brake  has  been  applied  the 
reverse  handle  should  not  be  touched  again  until  the  car 
comes  to  a  full  stop. 

The  actions  of  a  pair  of  iriotors  when  changing  from 
running  to  braking  conditions  are  shown  in  Figs,  i  to  6. 
For  simplicity,  the  motors  are  considered  as  perma- 
nently connected  in  parallel.  The  arrows  indicate  di- 
rections of  armature  rotation,  current  flow,  armature 
voltage  and  the  field  produced  by  the  main  field  coils. 
The  armature  voltage  V  is  the  counter  e.m.f.  of  the 
machine  when  acting  as  a  motor,  and  its  generated  volt- 
age when  acting  as  a  generator.  The  field  F  is  the 
actual  field  produced  by  the  current  flowing  in  the  main 
field  coils  or  the  residual  field  when  no  current  is  flow- 
ing. Figs.  I  and  2  show  the  conditions  for  normal 
running  and  for  coasting,  respectively,  the  two  stages 
immediately  preceding  the  manipulation  of  circuits  re- 
quired to  produce  dynamic  braking.  Fig.  3  shows  the 
conditions  which  exist  immediately  after  the  field  con- 
nections of  the  two  machines  are  reversed.  These  con- 
ditions continue  only  for  the  very  brief  space  of  time 
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during  which  the  residual  held  in  No.  3  machine  is  being 
brought  to  zero  by  the  action  of  the  current  flowing  in 
its  main  field  coil.  It  is  assumed  that  the  residual  field 
of  the  No.  I  machine  is  slightly  stronger  than  that  of 
the  No.  2  machine,  so  that  the  No.  /  armature  builds  up 
more  rapidly  than  the  No.  2  armature  and  forces  cur- 
rent to  flow  as  indicated.  It  will  be  noted  that  this  direc- 
tion of  current  flow  is  such  that  it  tends  to  strengthen 
the  field  of  the  No.  i  machine  and  to  weaken  the  field 
of  the  other  machine.      During  the  short  period   illus- 


machines  are  interch..nged,  and  Fig.  6  shows  the  final 
conditions  which  tend  to  bring  the  car  to  a  stop.  It  is 
assumed  here  also  that  the  No.  i  machine  is  the 
stronger  at  the  start.  The  results  produced  are  the 
same  as  explained  for  the  previous  arrangement,  as  can 
be  easily  seen  by  comparison  of  Figs.  3,  4,  5  and  6. 

It  should  be  kept  in  mind  that  these  braking  schemes 
are  for  use  in  emergency  only  and  should  never  be  used 
for  regular  service  stops.  The  current  which  flows  while 
the   two   motors   are   runninsr  as   generators    on    short- 


SCHEMATIC   DI.^GRAM    OF    MOTOR   AND    I-IELD   CONNKCTIOXS    SHOWING   SUCCESSIVE   STHPS    IX    IIV: 


Fig.  I — Normal  running 


-Coasting. 


Fig.   3 — Preliminary  braki;i): 


A.MIC    BRAKING 

Fig.  4 — Final  braking. 


trated  by  Fig.  3  the  No.  /  machine  runs  as  a  generator 
driven  by  the  momentum  of  the  car  and  will  operate  the 
No.  2  machine  as  a  motor,  which  tends  to  propel  the  car 
in  the  original  direction.  The  kinetic  energy  of  the  car, 
due  to  its  velocity,  will  be  reduced  an  amount  equal  to 
the  work  required  to  generate  the  current  in  No.  /  ma- 
chine during  the  time  this  condition  exists  plus  the 
energy  required  to  overcome  bearing  friction,  wind- 
age, etc. 

The  current  in  the  No.  -'  field  will  quickly  reverse 
the  residual  field  and  build  up  a  field  in  the  opposite 
direction.  This  will  reverse  the  armature  voltage  F. 
and  cause  No.  2  machine  to  run  as  a  generator.  These 
conditions  are  shown  by  Fig.  4.  Both  machines  are 
now  running  as  generators  in  series  connection,  short- 
circuited  on  themselves  and  both  generating  current  in 
the  same  direction.  This  effect  is  cumulative,  and  an 
excessively  heavy  current  will  tend  to  flow.  The  force 
required  to  produce  this  current  will  quickly  reduce 
the  velocitv  of  the  car. 


circuit  is  many  times  the  hour  rating,  and  it  builds  up 
so  rapidly  that  in  many  cases  the  machines  flash  at  their 
commutators.  In  addition,  the  gears,  pinions  and  arma- 
ture parts  are  subjected  to  excessive  mechanical  strains. 
This  method  of  braking  should  only  be  used  to  prevent 
loss  of  life  or  material  property  damage. 

To  keep  the  dynamic  braking  current  within  safe 
limits,  resistance  is  sometimes  inserted  in  the  motor  cir- 
cuit at  the  time  the  braking  connections  are  made.  This 
not  only  reduces  the  possible  damage  to  the  motors,  but 
assures  a  smoother,  lighter  braking  eft'ect.  An  exces- 
sive current  causes  the  machines  to  stop  suddenly,  so 
that  the  wheels  will  slip  for  an  instant  and  the  generator 
action  will  cease.  The  wheels  will  then  start  to  roll 
again,  and  the  braking  action  and  slipping  of  wheels  will 
alternate  as  long  as  the  wheels  tend  to  slip.  This  same 
action  takes  place  when  using  emergency  braking  on  a 
liad  rail,  the  wheels  alternatively  slipping  and  rolling 
and  the  car  being  subjected  to  a  succession  of  short 
raking  eftorts.     The  hand  and  air  brake  should  be  re- 


Fig.  5 — Preliminary  braking. 


SCHEMATIC    DIAGRAMS    OF    DYNAMIC    BRAKING 

Fig.  6 — Final  braking.  Fig.  7 — Differential  relay  scheme. 


Another  method  for  producing  the  dynamic  braking 
circuit  is  to  interchange  the  fields  of  the  two  motors 
instead  of  reversing  them.  This  method  is  especially 
adaptable  to  a  two-motor  equipment  where  some  special 
switch  must  be  used  to  connect  the  two  motors  in  par- 
allel. The  first  two  stages  in  this  case  are  exactly  the 
same  as  Figs,  i  and  2,  except  that  the  two  motors  are 
not  connected  together  as  in  Fig.  2,  but  coast  in  open 
circuit.  Fig.  5  shows  the  conditions  existing  for  the 
short  period   immediately   after  the  fields   of   the   two 


leased  in  such  a  case,  as  they  will  grip  the  wheels,  pre- 
vent them  from  turning  and  the  car  will  skid  con- 
tinuously. 

With  the  ordinary  K-type  platform  controller,  both 
the  main  controller  and  the  reversing  drum  are  under 
the  direct  control  of  the  motorman  and  emergency 
dynamic  braking  is  always  available.  A  multiple  or  re- 
mote control  equipment,  using  storage  battery  current 
for  the  control  circuits,  is  also  under  direct  control  of 
the  motorman.     An  electro-pneumatic  type  of  control 
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using  line  current  for  the  control  circuits  can  be  con- 
veniently equipped  with  an  air  valve  mounted  on  the  car 
platform  and  piped  so  that  the  reverser  can  be  thrown 
directly  by  air.  With  a  straight  electric  type  of  remote 
control  some  direct  mechanical  means  must  be  used  to 
operate  the  reverser  from  the  car  platform  on  account 
of  the  probability  that  the  trolley  will  be  off  the  wire  at 
the  time  the  emergency  brake  is  most  needed.  This 
method  is  sometimes  used  with  electropneumatic  con- 
trol where  it  is  desired  to  have  the  emergency  brake  en- 
tirely independent  of  air  pressure  as  well  as  of  trolley 
voltage. 

Since  reversing  switches  are  not  equipped  with  lilow- 
out  coils,  the  dynamic-braking  circuit,  once  established, 
should  not  be  interrupted  until  after  the  car  comes  to  a 
full  stop.  Many  reverser  drums  are  damaged  and  often 
destroyed  due  to  neglect  of  this  precaution.  This  source 
of  trouble  is  more  common  with  remote  control  equip- 
ments on  account  of  the  greater  distance  separating  the 
reverser  and  the  motorman.  Although  a  dynamic-brak- 
ing circuit  may  be  safely  interrupted  on  a  two-motor, 
series-parallel  control  equipment  by  returning  the  main 
handle  to  the  "off"  position,  and  thereby  breaking  the 
dynamic  current  before  operating  the  reverser,  it  can 
never  be  done  on  any  equipment  where  pairs  of  motors 
are  tied  permanently  in  parallel,  as  is  the  case  with  any 
standard  600  volt,  four-motor,  series-parallel  equipment. 

Any  air-operated  or  mechanical  system  for  emer- 
gency operation  of  the  reverser  of  a  remote  control  sys- 
tem should  be  arranged  to  cut  oft"  the  trolley  current 


from  the  control  circuit  and  lock  the  reverser  in  its  new 
position  until  the  car  conies  to  a  full  stop.  A  mechanical 
device  for  this  purpose,  actuated  by  the  emergency  oper- 
ation of  the  reverser,  mounted  underneath  the  car  body, 
makes  it  necessary  for  the  motorman  to  get  off  the  car 
to  reset  it. 

Another  scheme  of  control  is  shown  by  Fig.  7.  Here 
a  dift'erential  current  limit  relay  has  its  two  coils  so 
located  in  the  motor  circuit  that  they  will  buck  each 
other  during  normal  running,  but  will  add  when  the 
dynamic-braking  current  is  flowing  and  hold  the  control 
circuits  open.  This  gives  the  motorman  control  of  his 
reverser  as  soon  as  the  car  has  stop[)ed  and  makes  it 
unnecessary  for  him  to  leave  the  car  platform. 

The  simplest  emergency  dynamic-braking  scheme  is 
usually  the  best,  as  little  is  to  be  gained  by  the  addition 
of  complicated  devices  to  the  car  control  system.  It  is 
imwise  to  arrange  the  controlling  mechanism  so  that  it 
can  be  operated  simultaneously  by  several  members'  of 
the  train  crew,  if  such  an  arrangement  permits  their 
combined  efforts  to  balance  and  produce  no  effective 
results.  It  may  be  disastrous  if  it  takes  comi)lete  con- 
trol of  the  car  out  of  the  hands  of  the  motorman.  \\'hen 
laying  out  the  mechanism  for  operating  an  emergency 
braking  system,  a  careful  study  should  be  made  to 
secure  the  simplest  arrangement  which  will  take  care  of 
the  possible  conditions  to  be  met  in  actual  service.  By 
the  strict  observance  of  this  precaution,  confusion  in 
operating  will  be  eliminated  and  an  emergency  can 
safely  and  quickly  be  handled  when  it  does  arise. 


Unit-Switch  Control  on  the  New  York 
Municipal  Railway 


EFFIC11'".\C"^'  as  ai)j)lieil  to  electric  traction  ha 
been  given  careful  thought  and  study  during  th^ 
past  decade  by  operating  officials  and  by  the  vari 
ous  manufacturers  of  railway  ef|uipnient.  The  mini 
mum  power  con- 
s  u  m  ]3 1  i  o  n  pcr 
seat  -  mile  w  hich 
all  operating  men 
are  seeking  h  a  s 
been  approached 
largely  throujih 
three  major 
factors : — 

/ — The  recogni- 
tion of  the  vahie  of 
coasting. 

^— The  reihic- 
tion  in  weight  of 
car  body  and  equip- 
ment. 

.?— The  field- 
control  motor,  sav- 
ing rheostatic  losses. 

The  installation 
of     tungsten     lamps 


-SIX-C.-\R   TRAIN    ON    THE    NEW    VOKK    MlNlL 

Equipped  with  unit-switcli  control. 


Kkij.Kk 

,       and  thermostats  for  regulating  power  heating  have  also  resulted 
in  a  saving  of  power. 

Possibly  greater  savings  have  been  eft'ected  by  the 
revised  designs  of  control  ccjuipnicnt  than  in  an}'  other 

line  wa_\'. 

.Vfter  careful 
analysis  liy  the 
board  of  engi- 
neers, a  type  of 
control  w  a  s  se- 
lected for  the  new 
subway  cars  of 
the  New  York 
.^  ]\hmicipal  R  a  i  1- 
vvay  Cor])oration 
which  e  m  bodies 
all  the  desirable 
features  of  sim- 
plicity, durability, 
accessibility  a  n  d 
light  ness.  This 
type    o  f    control. 
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which  is  known  as  the  214,  is  a  combination  of  the  well- 
known  HL  and  PK  types.  The  control  unit  is  com- 
pletely self-contained,  as  shown  in  Fig.  3,  and  includes 
six  electropneumatically  operated  switches  which  con- 
trol the  series,  bridging  and  parallel  connections  of  the 
motors ;  a  line  switch  ; 
a  reverser,  and  a  sep- 
arate c  o  m  p  artment 
for  housing  the  PK 
drum  which  governs 
the  rheostatic  a  n  d 
field  -  control  connec- 
tions. 

A  new  and  valu- 
able feature  of  this 
control  is  that  selec- 
tive  acceleration  is 
obtained,  i.  e..  the 
current  input  is  deter- 
mined by  the  load  in 
the  car.  To  the  empty 
and  load  -  actuating 
device  of  the  brake 
system*  i  s  attached 
a  rheostat,  which  operates  in  the  following  manner : — 

The  series  limit  switch  of  the  control  has  a  com- 
pound  winding,  one  cnil  of   which  is  connected  in  the 


Tiox  III"  Tin: 

.\T   COXIiS' 


rheostat  which  controls  this  variable  resistance  is  gov- 
erned by  the  load  in  the  car,  and  the  current  in  the  sec- 
ondary coil  of  the  limit  switch  thus  varies  with  the  load. 
With  the  maximum  load  on  the  car  all  resistance  is  cut 
out  of  the  secondarv  circuit  and  the  range  of  operation 

of  the  limit  switch  is 
thereby   automatically 
i  reached.      With    light 

load,  as  with  the  car 
empty,  no  current 
passes  through  the 
secondary  coil. 

The  functions  of  a 
controller  are  of  two 
kinds.  The  first  or 
major  duties  consist 
of  connecting  the 
motor  in  series,  bridg- 
ing and  parallel,  and 
are  performed  in  the 
214  control  by  electro- 
pneimiatic    s  w  itches  ; 

MW      ,..::,.      M,      ,K,PA,.     RMI.WAV  ^J^JJg      ^^^      ^^^^^^       ^^ 

1SL.\.\II 

minor  duties,  such  as 
rheostat  and  field  control  connections,  are  performed  by 
a  small  drum-commutating  switch  operated  by  a  rack 
and  pinion.  B}-  using  the  commutating  switch  instead 
of  a  group  of  unit  switches,  a  simpler,  smaller  and 
lighter  group  is  secured  without  lessening  its  eiTective- 
iiess.     The  switch  group,  which  is  designed  to  handle 


FIG.    3 — MAIN   CONTROL  BOX 

Tlie  PK  druni  >ho\vn  at  top  governs  rheostatic  and  field  control. 
motor  circuit,  while  the  other  coil  is  wound  in  opposi- 
tion to  the  first  coil  and  connected  to  the  battery  through 
a  variable  resistance.     The  movement  of  the  arm  of  the 


*See   article   o: 
H.  C.  Donalds 


"Recent   Developments    in    .\irbrakes,"    by 
[1,  in  the  Joi'Rnai.  for  October  1915,  p.  467. 


FIG.  4 — CAR  VESTIBULE 

Showing  mounted  controller. 

two  200  hp  motors,  weighs  900  pounds — scarcely  more 
than  half  the  weight  of  the  former  control  outfit  of  sim- 
ilar capacity.  But  five  conduit  pipes  are  used  for  the 
motor  and  resistance  circuit,  the  former  using  multi- 
conductor,  five-wire  cables,  permitting  a  low  cost  of 
installation. 

The   successful   operation   of   the   low-voltage   train 
line  for  electropneumatic  control  throughout  the  country 
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has  resulted  in  its  adoption  in  other  tields.  Heretofore 
the  battery  served  only  the  control,  whereas  on  the  New 
York  Municipal  cars  its  use  has  made  possible  a  more 
reliable  and  extended  operation  of  the  airbrakes,  the 
side-door  machines,  the  emergency,  marker,  tail  and 
indication  lights  and  the  buzzer 
signals.  The  door  machine  mag- 
net valves  are  standard  and  are 
interchangeable  with  those  of  the 
control. 

The  selection  of  a  proper  bat- 
tery and  suitable  means  of  charg- 
ing it  was  given  careful  thought 
and  study.  The  former  practice 
consisted  of  having  two  sets  of 
insulated  batteries  per  car,  which 
were  charged  either  from  the  car 
lights  or  with  current  shunted 
from  the  compressor.  The  chief 
disadvantage  of  this  arrangement 
lay  in  the  fact  that  it  required  the 
changing  of  the  battery  switches 
each  day  which,  when  neglected, 
resulted  in  excessive  overcharge 
and  discharge.  The  new  ar- 
rangement provides  but  one  set 
of  32  volt  Edison  batteries  per 
car,  which  are  connected  to  the 
negative  side  of  the  compressor,  thereby  permitting 
them  to  float  on  the  line  with  a  permanent  ground  con- 
nection on  one  side.  In  order  to  distribute  the  load 
equally,  the  batteries  throughout  the  train  line  are  con- 
nected in  parallel. 

Seven  train  line  wires  are  used  for  the  control,  and 
in  order  to  secure  operation  or  to  maintain  main  cur- 
rent on  the  equipment  it  is  necessary  to  establish  a  com- 
mon connection  for  three  wires.  This  provides  an  ex- 
ceptionally safe  train  Hne,  even  with  the  control  supply 
circuit  grounded.    Should  the  necessity  arrive,  the  motor 


FIG.    5 — M.\STER 

CONTROLLER 

Housing    both    control 

and  auxiliary  switches. 


In  order  to  secure  the  maximum  compactness,  the 
master  controller  was  designed  to  house  both  control 
and  auxiliary  switches,  as  shown  in  Fig.  5.  On  the 
right-hand  side  the  control  cutout,  circuit  breaker  reset, 
line  relay  cutout  and  marker  light  switches  are  located. 


lUG.  7 — TWO  VIl-WS  TAKKN   FROM 

Showing  under-car  equipment. 
The  brake  supply  switch  and  connection  board  are  lo- 
cated at  the  bottom. 

The  cars  are  all  equipped  with  \\  estinghouse  auto- 
matic electric  couplers.  The  train  line,  consisting  of  18 
wires,  terminates  in  a  receptacle  beneath  the  coupler, 
thereby  eliminating  the  customary  train  line  receptacles 
and  jumpers  with  their  incidental  troubles.  Positive 
contact  is  secured  at  the  connections  in  the  electric 
coupler,  which,  with  well-designed  low-current  magnet 
valve  coils  in  the  control,  has  made  possible  the  opera- 
tion of  a  16  car,  all-motor-car  train,  exceeding  anything 
previously  attempted  in  railway  equipment. 


can  be  bucked  by  opening  the  line  relay  cutout  switch, 
which  renders  the  line  switch  inoperative,  and  is  com- 
parable to  opening  the  circuit  breaker  on  a  car  equipped 
with  drum  control.  The  master  controller  must  then  be 
reversed  and  advanced  to  the  multiple  position  in  the 
usual  manner. 


IIG.    6 — SCHEMATIC   CAR   L.WOUT   OF    CONTROL    EQUIPMENT 

An  evidence  of  the  reliability  of  the  control  is  shown 
by  the  mileage  between  inspections,  which  is  now  2000 
miles  instead  of  on  the  usual  1000  mile  basis.  The  con- 
trol has  been  in  extensive  subway  service,  and  the  re- 
sults obtained  have  shown  that  marked  economies  in 
maintenance  are  secured. 


standardized  Car  Equipments  for  New  York 
Dual  System  of  Rapid  Transit 


Lynn  G.  Riley 


THE  new  subway  and  elevated  electric  railroads 
now  being  built  in  New  York  City,  when  com- 
bined with  the  present  transportation  system,  will 
provide  the  most  complete  and  expeditious  urban  trans- 
portation system  in  the  world.  The  extent  of  this  sys- 
tem is  shown  in  the  following  extract  from  a  recent 
report  of  the  Public  Service  Commission  for  the  First 
District  of  New  York : — 

"The  new  project  is  known  as  the  'Dual  System  of 
Rapid  Transit,'  and  includes  both  subway  and  elevated 
constructions.  The  existing  rapid  transit  lines,  which 
will  be  embraced  in  the  new  system,  have  296  miles  of 
single  track.  The  dual  system  will  have  618  miles  of 
track,  and  will  increase  the  transportation  facilities  in 
even  greater  ratio.  When  completed,  the  new  lines 
will  be  combined  with  the  existing  railroads,  and  will  be 
operated  in  two  grand  divsions,  one  by  the  Interborough 
Rapid  Transit  Company,  and  the  other  by  the  New  York 
Municipal  Railway  Corporation. 

"The  Interborough  Rapid  Transit  Company  will 
operate  the  following  divisions  : — - 

Existing  subway  lines 73      miles 

Existing  elevated   lines 118     miles 

New  subway  and  elevated  lines,  con- 
structed jointly  by  city  and  company..     146.8  miles 

Elevated      extensions,      reconstructed      by 

company    10.4  miles 

Third-track   additions   to    elevated    roads, 

constructed   by  company 10.5  miles 

Total  track-miles  358.7  miles 

"The  New  York  Municipal  Railway  Corporation 
will  operate  the  following  divisions  :- — 

Existing  B.R.T.  elevated  lines 105     miles 

Subway    and    elevated    lines,    constructed 

jointly  by  city  and  company 110.4  miles 

Elevated  extensions,  constructed  by  com- 
pany   35-3  miles 

Third  track  and  reconstruction 9.3  miles 

Total  track  mileage 260     miles 

Grand  total  for  the  dual  system 618.7  miles 

"At  present  the  existing  rapid  transit  lines  (not  in- 
cluding the  portions  of  the  new  system  which  are 
already  in  service)  are  carrying  about  800000000  pas- 
sengers per  annum.  The  dual  system,  when  completed, 
will  be  able  to  carry  more  than  3  000  000  000  passengers 
in  the  same  period  of  time." 

GENERAL    CHARACTERISTICS   OF    NEW    CARS 

The  new  steel  cars  being  used  by  the  Interborough 
Rapid  Transit  Company  weigh  approximately  38  tons 
fully  equipped,  and  are  driven  by  two  170  hp  motors. 
The  subway  trains  are  regularly  made  up  of  five  or  six 
cars,  including  two  trail  cars,  and  during  the  rush  hour 
trains  consist  of  from  eight  to  ten  cars,  including  three 
trail  cars.     The  additional  elevated  cars  are  all  motor 


cars,  reconstructed  from  the  older  cars  used  in  the  sub- 
way. They  are  equipped  with  two  115  hp  motors,  and 
trains  are  made  up  entirely  of  motor  cars.  The  bal- 
ancing speed  of  these  equipments  is  approximately  40 
miles  per  hour,  and  a  schedule  speed  of  15  miles  per 
hour  in  local  service,  and  25  miles  per  hour  in  express 
service  is  maintained. 

The  all-steel  cars  on  the  system  operated  by  the  New 
York  Municipal  Railway  Corporation  are  somewhat 
larger,  being  67  feet  long  overall,  with  a  capacity  of  280 
passengers,  and  weighing  42  tons  equipped.  The  equip- 
ment consists  of  two  170  hp  motors,  and  the  balancing 
speed  is  approximately  50  miles  per  hour. 

THE   BASIS    FOR   STANDARDIZATION   OF   CONTROL 

In  providing  rolling  stock  for  the  new  systems  there 
have  been  purchased  more  than  1300  motor  car  equip- 
ments, and  in  view  of  the  vast  extent  of  the  system 
every  effort  has  been  made  to  have  all  control  equip- 
ments conform  to  certain  well-defined  standards.  The 
following  features  are  considered  to  be  of  prime  im- 
portance : — 

/ — Low-voltage  train  line  circuits  instead  of  600  volts. 

2 — Electropneumatically  operated  control  apparatus  for  all 
power  circuits. 

.? — Combinations  of  apparatus  to  secure  minimum  weight. 

4 — The  use  of  the  common  low-voltage  battery  supply  for 
the  operation  of  electric  brakes,  signals  and  all  other  auxiliary 
apparatus. 

5 — Duplicate  standardized  parts  for  elevated  and  subway 
equipments  of  different  capacity. 

(5— Combination  of  all  control  and  auxiliary  train  line  cir- 
cuits in  a  single  automatic  electric  coupler. 

7 — Provision  for  the  ultimate  application  of  regenerative 
braking. 

In  choosing  the  low-voltage  train  line  system  in  pref- 
erence to  the  600  volt  system  the  following  advantages 
were  considered : — 

I — Continuity  of  the  control  supply  independent  of  tlie 
power  supply  on  the  leading  car  in  the  train. 

2 — Uninterrupted  current  supply  for  the  operation  of  elec- 
tric brakes  and  for  signals,  marker  lights  and  other  auxiliaries, 
including  door  engines. 

i — Ability  to  reverse  the  motors  in  an  emergency,  after 
power  has  failed. 

4 — Freedom  from  deranged  control  circuits,  due  to  less  lia- 
bility of  grounding  and  arcing  from  point  to  point  in  the 
couplers. 

5 — Inspection  and  testing  may  be  carried  on  without  apply- 
ing power  to  the  car. 

6 — The  design  of  detail  apparatus  connected  with  the  equip- 
ment is  simplified  and  cheapened  by  being  adapted  to  low 
voltage. 

The  advantages  to  be  derived  from  the  use  of  pneu- 
matically-operated motor  control  apparatus  have  been 
clearly  demonstrated  in  all  classes  of  service  throughout 
the  world.  The  general  principle  of  utilizing  power 
which  is  available  locally  on  each  car,  rather  than  to 
transmit  all  operating  power  from  the  front  car  of  the 
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train,  insures  reliable  and  positive  operation.  The  con- 
trol circuits  act  only  as  relays  in  transmitting  the  desire 
2«stsT  of    the    oper- 

ator to  the  in- 
dividual car. 
/\  i  r  pressure 
is  always  avail- 
able, and  has 
leen  found  to 
)c  a  very  flex- 
and    ef- 


E<i!i;nE  Subway  iiij  Elivatcd  Lines 

Nfw  Subu-3V  LiM\  InwrbirooKh  R.  T.  Co 

,N'^   Elevated  Linea  Jnterboroufth  R.  T    Co 

N,-.,   Subway  Line^  Brooklyn  R    T    Co. 

.Vew  Etevjited  Lir«  Brooklyn  R     T    Co 


FIG.   I SKETCH   OF  NEW  YORK  CITY  DISTRICT  SHOWING  DUAL  SYSTEM   OF  RAPID  TR.\NSIT 


ficient  means  of  setting  up  contact  pressures,  making 
and  breaking  power  circuits,  and  manipulating  vari- 
ous classes  of  drum-type  switches.  Adequate  power 
may  be  concentrated  in  a  small  space,  and  the  inherent 
cushioning  etifect  of  compressed  air  obviates  all  sudden 
strains  and  shocks  in  the  apparatus,  and  injure-  long 
life  of  the  wearing  parts. 

CONTROL   APl'AK.VTUS 

The  description  of  control  equipment  which  follows 
covers  specifically  the  515  equipments  supplied  to  the 
Interborough  Rapid  Tran- 
sit Company  by  the  W'est- 
inghouse  Electric  &  Mfg. 
Company  for  use  on  both 
subway  and  elevated  divi- 
sions. Five  hundred  sim- 
ilar equipments,  yx>  of 
which  are  now  in  opera- 
tion, have  also  been  sup- 
plied to  the  New  York  Mu- 
nicii)al  Railway  Corpora- 
lion. 

As  indicated  on  the  main 
circuit  diagram,  Fig.  4,  the 
principal  changes  in  main 
motor  circuits,  as  well  as 
the  application  and  shut- 
ting otT  of  power,  and  also 
the  overload  protection,  are 
accomplished  by  means  of 
seven  independent  electro- 
pneumatic  switches  of  the 
HL  type.  In  changing 
from  series  to  parallel  the 
usual  bridging  type  of 
transition  is  utilized.  The 
minor  changes  in  the  motor 
circuit  connections  required 
to  accelerate  the  car  are  ac- 
complished by  means  of  a 
drum  -  type  commutating 
switch,  which  is  operated 
by  differential  air  cylin- 
ders, and  advanced  pro- 
gressively by  the  unbal- 
ance d  pressure  method. 
The  contacts  on  this  drum 
are  protected  by  the  unit 
switches  from  all  arcing 
duty,  and  are  so  distrib- 
uted as  to  carry  the  current 
of  a  single  motor  only. 
They  effect  the  short-cir- 
cuiting of  resistance  and 
also  complete  the  circuits 
for  the  field  control. 

The  s  i  X  unit  switches, 
together    with    t  h  e    com- 
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imiiatiiig  switch,  and  a  drum-type  reverser,  also  electro- 
pneumatically  operated,  are  mounted  in  a  single  box  and 
completely  interconnected.  However,  the  mounting  is 
such  that  each  piece  of  apparatus  is  isolated  in  gas- 
])roof  compartments,  and  is  in  effect  separately  in- 
stalled. A  separately  mounted  line  switch,  especially 
designed  for  heavy  duty,  affords  full  overload  protec- 
tion, as  well  as  serving  to  open  the  circuit  under  normal 
conditions.  A  s  p  e- 
cial  feature  of  this 
line  switch  is  its  abil- 
ity to  open  quickly 
under  sudden  drojis 
in  line  voltage,  such 
as  are  sometimes 
caused  on  third-raii 
distribution  system 
l)y  momentary  short- 
circuits,  and  thus  pro- 
tect the  equipment 
against  high  surges  in 
voltages  which  usu- 
ally follows  immedi- 
ately after  the  dis- 
turbance. The  circuit-breaking  contacts  are  provided 
with  an  arc  chute,  venting  to  atmosphere.  The  line 
switch  box  also  includes  the  overload  trip  relay,  the  line 
switch  operating  relay  and  an  auxiliary  relay,  which 
lights  the  emergency  batter_\-  lamps  in  the  car  when  line 
power  fails. 

The  limit  switch  for  governing  the  rate  of  automatic 
acceleration  is  mounted  with  the  reverser  in  the  control 
box.  A  separate  compartment  for  the  main  wiring  con- 
nections in  the  top  of  the  control  box  also  inckides  a 
main  circuit  terminal  board,  which  acts  as  a  distributing 
box  for  the  entire  equipment.  A  special  design  of  grid 
resistor  has  been  adopted  whereby  the  weight  of  the  set 
has  been  reduced  approximately  40  percent  without  loss 
in  continuous  capacity. 

While  the  reduction  of  weight  has  l)een  an  im|iortant 
c  o  nsideration  in 
the  design  of  all 
of  the  apparatus, 
this  feature  has 
been  most  fully 
realized  in  the 
use  of  the  drum- 
type  commutating 
switch,  which  per- 
forms f  u  nctions 
ordinarily  requir- 
ing seven  additional  unit  switches.  A  saving  of  200 
pounds  is  effected  by  this  means  alone.  By  combining 
all  main  circuit  apparatus  in  a  single  box  the  work  of 
installation  is  simplified,  and  the  amount  of  cable  re- 
duced. Another  direct  result  of  the  application  of 
this  type  of  control  is  the  extreme  simplicity  of  control 
circuits  and  the  reduction  in  number  of  moving  and 
wearing  parts.     The  drum-type  switch  is  entirelv  free 


FIG.   2 — CAR  OF   THE    XF.W    YORK    MUNICIl'-VL    U.MUWAV 


from  arcing,  and  the  contact  wear  is  therefore  slight, 

while  the  simple  nature  of  the  parts  makes  for  easy  and 

reliable  repairs. 

The   complete   control    equipment    for   two    170   hp 

motors  consist  of  the  following  apparatus : — 

Approx.  weijilit 

1    Knife  switch  in  box 50  lbs. 

I    Fuse  box  30  lbs. 

I   Quick-acting  line  .switch 230  lbs. 

I  Control   box..  870  lbs. 

1  S  e  t  of  grid 
resistors  385  lbs. 

2  Master  c  o  11- 
troUers 90  lbs. 

2  C  o  n  t  r  o  1 
switches  10  lbs. 

3  C  o  n  t  r  o  1 
June,  boxes....        70  llis. 

I  Main  circuit 
junction    box       23  lbs. 

I  Set  pneu- 
matic details, 
including-  res- 
ervoir and  air 
fittings    40  lbs. 

I  Set  insulating 
d  e  t  a  ils  for 
mounting  ap- 
paratus         15  lbs. 

I  Set  of  main 
a  n  d  control 
cable   300  lbs. 

Control  power  is  derived  from  a  2>-  ^'olt  storage 
1  lattery,  charged  in  series  with  the  compressor.  The 
control  supply  is  fed  to  the  master  controller  at  each  end 
of  the  car.  Adjacent  to  the  controller  are  located  con- 
trol circuit  switches,  a  reset  switch  for  the  circuit 
breaker,  and  other  auxiliary  circuits.  The  controller  is 
provided  with  two  handles,  an  accelerating  and  a  re- 
verse handle,  the  latter  being  removable  in  the  "off" 
Iiosition.  Movement  of  the  reverse  handle  to  an  oper- 
ating position  energizes  certain  auxiliary  circuits  and, 
in  addition,  sets  up  the  necessary  circuits  for  securing 
emergency  operation  of  the  brakes  in  case  the  main 
handle  is  accidentally  released  while  in  an  operating 
position.  In  addition  to  the  seven  wires  necessary  for 
the  control  proper,  there  are  in  the  train  line  extra  cir- 
cuits for  the  electropneumatic  brake  system,  the  signal 

system,  the  gov- 
ernor synchroniz- 
ing w  i  r  e,  a  n  d 
cither  auxiliaries. 
R  c  f  erence  to 
the  wiring  dia- 
gram shows  the 
I'ollowing  f  u  n  c- 
t  i  o  n  s  for  the 
seven  control 
wires  : — No.  2, 
series;  No.  i,  progression;  No.  3,  parallel;  No.  4,  for- 
ward ;  No.  5,  reverse  ;  No.  6,  circuit  breaker  reset ;  No.  o, 
common  battery  return. 

There  are  three  operating  positions  of  the  master 
controller ; — switching,  full  series,  and  full  parallel.  The 
automatic  control  registers  six  notches  in  series,  and 
four  notches  in  parallel,  including  the  high-speed,  short- 
field  notch. 
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The  progression  of  the  motor  circuit  apparatus  is 
governed  through  the  control  circuits  by  the  action  of 
the  limit  switch,  as  it  lifts  and  drops  under  the  influence 
of  motor  current. 
The  line  switch  opens 
t  h  e  control  circuit 
and  drops  out  the 
switches  on  each  car 
locally  in  case  of  fail- 
ure of  line  voltage. 
This  enables  a  train 
of  any  length  to  pass 
over  gaps  in  the  third 
rail  without  surging, 
since  each  car  is  cut 
off  as  it  reaches  the 
gap,  and  feeds  up  au- 
tomatically as  soon  as 
power  is  restored. 
The  line  switch  oper- 
ates from  line  volt- 
age, and  is  made  sen- 
sitive to  sudden  drops 
lional  resistance  in  the 
switch  has  closed. 


The  cylinders  of  the  commucating  switch  are  con- 
trolled by  the  on  and  off  magnets,  and  the  progression 
is  secured  through  the  closing  and  opening  of  the  limit 

switch  contacts  in  the 
off  mag  net  circuit. 
This  intermittently 
exhausts  and  charges 
the  off  cylinder,  and 
allows  the  pressure  in 
the  on  cylinder  to  ad- 
vance the  drum  notch 
by  notch. 

It  has  been  possible 
with  comjiaratively 
few  interlocks  and  a 
simple  system  of  wir- 
ing to  comply  with  all 
the  fundamental  laws 
of  automatic  control. 
In  summarizing  the 
eflfectiveness  o  f  this 
type    of    control    the 
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fundamental  features  may  be  stated  briefly  as  follows : — 


in   voltage   by    inserting   addi- 
masrnet   circuit   after   the  line 


FIG.    5 — UNIT    SWITCH    CONTROL    BOX 

Drum-type  reverser  at  top. 


/ — The  power  circuits  can  be  closed  only  after  the 
reverser  is  thrown  to  its  proper  position. 

2 — -The  control  circuits  for  all  switches  open  simul- 
taneously when  shutting  off  power. 

J — The  line  voltage  function  prevents  the  control 
from  progressing  when  power  is  partially  or  com- 
pletely interrupted  at  gaps  in  the  third  rail,  or  on  ac- 
count of  sleet. 

4 — All  switches  are  dependent  on  the  clnsing  nf  the 
line  switch,  and  must  close  in  a  pre- 
determined  sequence. 

J — The  progression  circuit  is 
established  only  after  all  other 
switches  are  properly  closed  and 
power  has  been  applied. 

6 — Series  switches  are  fully  in- 
terlocked against  parallel  switches. 

7 — At  least  two  wires  must  be 
energized  at  all  times  to  hold  power 
on  the  motors. 

8 — Three  operating  speeds  are 
available.  The  progression  may  be 
held  up  at  any  desired  intermediate 
speed  by  moving  the  controller 
back  to  the  first  position. 

p — After  having  opened  for  any 
cause,  the  line  switch  cannot  close 
until  all  control  apparatus  has  as- 
sumed the  initial  position  and  the 
power  supply  is  restored. 

In  making  the  selection  of  a 
type  of  control  which  would  em- 
body the  features  described,  due  consideration  was 
given  to  the  service  results  secured  with  a  variety  of 
equipments  through  a  period  of  several  years.  The 
standards  now  adopted  will  undoubtedly  be  perpetuated 
as  long  as  the  methods  of  rapid  transit  do  not  undergo 
radical  changes. 


FIG.  6 — MASTER 
CONTROLLER 


Recent  Installation  Using  Regenerative  Control 


LAKE    I-:RIE  &   NORTHERN   LOCDMOTIVI': 
C.  C.  \\'Hrn'AKER 


AFTER  extensive  tests  there  was  placed  in  service 
on  the  Lake  Erie  &  Northern  Railroad  in  April 
of  this  year  a  1500  volt,  direct-current  regener- 
ative locomotive.  This  locomotive,  Fig.  i,  is  of  the 
standard  Baldwin-Westinghouse  swivel-truck  type, 
weighing  60  tons,  having  36  inch  wheels  and  is  equipped 
with  four  standard  125  horse-power  field-control 
motors,  geared  24  :  53.  It  is  designed  for  passenger  or 
fast  freight  service  and  is  capable  of  exerting  a  con- 
tinuous tractive  effort  of  6520  lbs.  at  26.5  miles  per 
hour,  and  8520  lbs.  at  22  miles  per  hour. 

The  control  for  acceleration  consists  of  the  usual 
bridging  control,  except  that  the  motors  are  bridged 
both  in  going  from  series  to  parallel,  and  from  parallel 
to  series  when 
shutting  off.  Be- 
side being  neces- 
sary to  the  regen- 
erative con  trol, 
this  feature  is  ad- 
V  a  n  tageous  for 
acceleration 
alone,  as  much  of 
the  burning  on 
the  t  r  a  n  s  i  tion 
switches  is  elim- 
inated. 

Both  accelera- 
tion and  regener- 
ation are  c  o  n  - 
trolled  by  a  single 
master  controller. 
Fig.  2  shows  the 
controller 
mounted  in  the 
locomotive  cab. 
It  is  provided  with  the  usual  mechanical  interlocks  be- 
tween the  main  and  reverser  levers  and  with  other  spe- 
cial mechanical  interlocks  which  render  false  manipula- 
tion by  the  operator  impossible.  There  are  16  notches 
for  acceleration  and  11  for  regeneration.  The  opera- 
tion of  the  control  during  acceleration  is  entirely  manual, 
while  during  regeneration  it  is  either  manual  or  auto- 
matic, as  desired. 

Regeneration  is  accomplished  by  using  the  main 
motors  as  generators  connected  in  series-parallel  at  the 
higher  speeds,  and  all  in  series  on  the  lower  speeds.  The 
fields  are  separately  excited  during  regeneration  by  cur- 
rent from  a  motor-driven  series  generator,  whose  volt- 
age ranges  from  70  to  85  volts. 

The  field  control  feature  is  used  only  on  accelera- 
tion, all  regenerative  running  being  done  with  the  full 
field  connection  in   order  to   decrease  the  current   re- 


FIG.    I — LAKE  ERIE   &    NORTHERN    RAILROAD   REGENERATIVE  CONTROL   LOCOMOTIVE 


quired  for  excitation.  A  simplified  diagram  of  the  con- 
nections obtained  on  the  first  notch  when  regenerating 
is  shown  in  Fig.  3.  From  the  location  of  the  ground 
connection  it  will  be  seen  that  the  regenerated  current 
flowing  from  the  substation  through  the  ground  con- 
nection passes  through  the  same  resistor  as  the  exciting 
current  from  the  generator,  and  in  the  same  direction. 
The  effect  of  this  condition  is  to  weaken  the  main  motor 
fields  automatically  whenever  the  regenerated  current 
increases.  This  means  of  securing  motor  stability  has 
proven  exceptionally  effective,  the  motors  never  having 
flashed  over  either  while  on  test  or  since  installation. 

By  means  of  this  inherent  stability  during  regenera- 
tion, it  is  not  essential  that  the  line  voltage  be  the  same 

as  the  regener- 
ated  voltage 
when  the  locomo- 
tive motors  are 
first  connected  to 
the  line.  Tests 
show  that  motors 
may  be  connected 
to  the  line  with- 
out injury  when 
r  e  g  enerating  at 
double  line  volt- 
a  g  e.  A  selective 
relay  is  arranged 
to  control  the  line 
switch  connecting 
the  motors  to  the 
line  and  is  ad- 
justed t  o  cause 
this  line  switch  to 
close  w  h  e  never 
the  controller  is 
in  a  regenerative  position  and  when  the  voltage  gener- 
ated by  the  motors  is  approximately  1500.  If  the  speed  of 
the  locomotive  is  sufficiently  high  when  the  controller  is 
turned  to  the  braking  position,  the  selective  relay  will 
act  on  the  first  notch ;  if  not,  the  field  drum  will  auto- 
matically rotate  notch  by  notch,  short-circuiting  the  re- 
sistance in  series  with  the  motor  fields  and  thereby 
strengthening  them  until  the  voltage  generated  is  suf- 
ficient to  cause  the  selective  relay  to  act,  which  will 
bring  in  the  fine  switch  and  complete  the  main  circuit  to 
the  line.  The  resistances  R  and  RR  in  Fig.  3  are  in 
series  with  the  motors  when  the  switch  first  closes,  and 
the  rotation  of  the  field  drum  is  stopped  from  the  time 
the  line  switch  closes  until  this  series  resistance  has 
been  cut  out. 

The  field  drum  and  change-over  switch  are  shown  in 
Fig.  4  mounted  in  the  cab.    The  main  drum  is  rotated 
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by  means  of  a  standard  PK  operating  head.  The  upper 
part  of  the  main  drum  is  provided  with  interlock  lingers 
so  connected  that  it  is  possible  to  move  the  drum  from 
the  master  controller,  notch  by  notch,  in  either  direction. 
The  drum  to  the  right  manijiulates  the  main  and  control 


FIG..   2 — INTERIOR  OI''    LOCOMOTlVi; 

Showing  controller  and  brake  equipment  at 
motorman's  station. 

change-over  connections,  and  is  operated  by  the  usual 
reversing  mechanism  of  the  PK  head.  It  also  is  con- 
trolled from  the  master  controller. 

Connected  in  series  with  the  main  motor  armatures 
is  a  low-current  relay,  the  function  of  which  is  to  dis- 
connect the  motors  from  the  line  when  regenerating 
with  the  motor  fields  at  maximum  excitation  as  soon  as 
the  regenerated  current  has  fallen  to  approximately  30 
amperes  per  motor.  This  feature  prevents  needless 
overheating  of  the  main  fields  while  the  regenerated  cur- 
rent is  inappreciable. 


FIG.    3 — SCHEMATIC    DIAGR.WI    OF    CONNECTIONS 

When  controller  is  on  first  notch  for  regeneration. 

A  fan,  supplying  air  to  the  main  motors  and  serving 
as  a  load  to  keep  down  the  speed  of  the  motor-generator 
set  when  there  is  no  load  on  the  generator,  is  mounted 
on  an  extension  of  the  shaft  at  the  generator  end.    The 


motor-generator  set  weighs  I5cxj  lbs.,  or  50  percent  more 
than  the  blower  motor  which  would  be  required  if  this 
set  were  not  used.  The  motor  is  provided  with  a 
series  field  connected  in  series  with  the  field  of  the  gen- 
erator. 

An  oscillogram,  taken  during  a  complete  automatic 
regenerative  cycle,  is  shown  in  Fig.  5.  At  A  the  change 
over  switch  is  operated  by  the  controller  and  approxi- 
mately 0.3  of  a  second  afterward  the  selective  relay  acts. 
At  B  the  main  resistor  switches  close,  after  which  the 
field  drum  increases  the  field  excitation  as  the  locomo- 
tive speed  decreases.  As  the  speed  continues  to  de- 
crease the  motors  are  automatically  connected  in  series 
at  C  without  loss  of  torque  and  without  the  aid  of  air- 
brakes. This  whole  operation  requires  approximately 
0.35  seconds.  At  D  the  main  resistor  switches  are  again 
closed,  after  which  the  motor  fields  are  strengthened  as 
the  locomotive  speed  decreases.    .\t  /;  the  locomotive  is 


FIG.   4 — FIKI.l)   DKUM    AND  CHANGE-OVER    SWITCH 

Mounted  in  locomotive. 

coasting,  and  to  the  right  of  E  is  drawing  current  from 
the  line  and  motoring  at  balanced  speed  with  separately- 
excited  motors.  The  low-current  relay  was  not  installed 
at  the  time  this  oscillogram  was  taken. 

This  locomotive  is  not  designed  to  regenerate  at 
s])eeds  below  seven  miles  per  hour,  since  to  do  this 
would  require  too  much  current  through  the  main  fields. 
Moreover,  in  reducing  the  speed  to  seven  miles  per 
hour,  approximately  93  percent  of  the  kinetic  energ}- 
which  was  stored  in  the  train  when  running  at  26.5  miles 
per  hour  has  been  utilized. 

The  smoothest  stop  is  made  when  the  controller  lever 
is  turned  to  the  last  notch,  resulting  in  automatic  regen- 
eration. Then,  as  the  ammeter  indicates  that  the  regen- 
erated current  is  falling  off  after  the  last  notch  on  the 
field  drum  has  been  reached,  an  airbrake  application 
should  be  made  which  will  begin  to  retard  the  train  just 
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before  the  retardation  from  the  regenerative  brake 
ceases.  When  the  regenerated  current  drops  to  30 
amperes  the  low-current  relay  will  operate,  disconnect- 
ing the  motors  from  the  line,  and  the  remainder  of  the 
stop  is  made  by  the  airbrakes. 


3 — Decrease   in   brake    shoe   dust   nuisance   with   reference 
to  subways. 

4 — Decrease  in  heat  Hberated   from  brake  shoes  with   ref- 
erence to  subways. 

5 — Additional  means  of  braking,  thereby  affording"  greater 
safety. 


T^ 
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FIG.   5 — OSCILUOGR.VM    Ol' 
From  an  initial  speed  of  25 

Among  the  principal  advantages  which  regenerative 
control  in  general  offers  are : — 

/ — Decrease  in  net  power  consumption. 

.? — Decrease  in  wear    on    brake    shoes,    wheels    and    brake 
rigging. 


LOCOMOTIVE    REGENERATION 

miles  per  hour  without  load. 

From  the  results  thus  far  obtained,  when  applied 
where  conditions  warrant  this  system  of  regenerative 
braking  promises  to  yield  more  economical  results  than 
have  previously  been  attained  by  any  single  achievement 
relative  to  electric  railway  equipment. 


Pneumatically-Operated  Devices  on 
Locomotives  and  Cars 


F.  M.  Nellis 

Special  Representative, 

Westinghouse  Airbrake  Company 


WITH  the  advent  of  the  airbrake  on  railway 
trains,  the  use  of  compressed  air  to  operate 
various  devices  in  addition  to  the  airbrake  sys- 
tem has  been  found  convenient  and  useful.  A  brief 
resume  of  these  operations  will  doubtless  prove  interest- 
ing to  those  who  have-  not  kept  in  close  contact  with  the 
rapidly  increasing  applications  in  railway  service. 

ELECTROPNEUMATIC     CONTROLLERS 

Compressed  air  controlled  by  electrically-operated 
valves  is  peculiarly  well  adapted  for  opening  and  closing 
the  switches  controlling  circuits  in  electric  railway  ser- 
vice, either  on  cars  or  locomotives.  The  great  pressure 
immediately  available  at  the  switch  jaws  insures  heavy 
current-carrying  capacity  of  the  switch  and  minimtim 
arcing  and  burning  of  the  contacts. 

Various  combinations  of  circuits  on  electric  cars 
and  locomotives  are  made  by  a  drum,  which  is  caused  to 
rotate  by  means  of  air  cylinders.  This  means  is  often 
used  for  reversing  the  main  motors,  for  changing  the 
connections  to  accommodate  a  change  in  the  trolley  volt- 
age, and  for  throwing  pole  changing  or  cascading 
switches. 

Compressed  air  is  also  adapted  by  means  of  dift'er- 
ential  air  cylinders  to  control  the  height  of  electrolyte 
in  the  liquid  rheostat  on  large  split-phase  electric  loco- 
motives. Differential  air  cylinders  actuated  by  a  master 
controller  are  also  used  to  rotate  a  drum  controlling  the 
main  motor  circuits  on  electric  cars.  On  electric  loco- 
motives of  large  capacity  compressed  air  is  occasionally 
used  for  operating  the  main  circuit  breaker,  thus  per- 
mitting control  from  a  distance.  On  all  electric  locomo- 
tives or  cars  the  whistle  is  sounded  by  compressed  air. 


The  pantograph  trolley  of  electric  locomotives  is 
usually  lowered  by  air  pressure.  Likewise,  the  contact 
sh(5e  engaging  with  the  third  rail  from  which  the  cur- 
rent is  taken  is  raised  and  lowered  by  air  pressure,  and 
controlled  by  the  engineer  in  the  cab.  The  multiple-imit 
arrangement  of  notching  up  the  controller  on  electric 
locomotives  and  multiple-unit  motor  cars  is  generally 
performed  by  air  pressure,  automatically  admitted  into 
and  discharged  from  a  cylinder  operated  by  magnet  con- 
trol valves. 

On  electric  locomotives  required  to  heat  trains  which 
are  equipped  with  steam-heating  pipes  a  small  flash 
boiler  is  employed.  The  fuel  for  this  boiler  is  kerosene 
oil,  atomized  while  getting  up  steam  by  compressed  air 
taken  from  the  airbrake  system. 


On  steam  road  passenger  cars,  also  electric  railway 
cars  running  in  trains  (and  in  some  cases  on  single 
motor  cars),  an  air  whistle  signal  is  so  designed  and 
connected  that  when  the  conductor  or  one  of  the  train 
crew  pulls  the  cord  in  any  car  of  the  train  a  signal  blast 
will  sound  from  the  whistle  in  the  motorman's  cab. 
These  blasts  may  be  arranged  to  convey  to  the  engineer 
or  the  motorman  any  predetermined  signal.  Necessary 
pressure  is  admitted  into  the  signaling  system  through  a 
suitable  reducing  valve  from  the  main  reservoir  on  the 
engine. 

One  system  of  passenger  car  lighting  takes  air  pres- 
sure from  the  auxiliarj'  reservoir  of  the  brake  system, 
through  a  governor  and  non-return  check  valve,  to  a 
carburetor,  where  it  is  mixed  with  gasoline  supplied  by 
a  .storage  tank.     The  air  and  gasoline  are  formed  into 
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an  illuminating  gas,  which  is  piped  up  into  the  burncis 
inside  the  car. 

On  sleeping  cars,   parlor  cars   and   dining  cars   of 
steam  railroads,  air  pressure  is  used  to  force  water  from 


speed.  Some  few  roads  still  employ  hand  levers  for 
lowering  and  raising  the  scoop,  but  the  large  majority  of 
roads  use  air  pressure,  admitted  and  exhausted  by  a  sim- 
ple valve  in  the  cab,  similar  to  the  bell  ringer  and  revers- 


a  large  supply  tank  under  the  car  up  into  the  basins  and     ing  mechanisms. 


toilet   of   the   washrooms    and   to   the   kitchen   of    the 
dining  car. 

On  freight  cars,  such  as  are  used  in  work  trains,  air 
pressure  is  frequently  used  to  operate  a  crane,  or  hoist, 
to  lift  rails  and  other  track  material  from  cars  to  the 
ground  at  the  side  of  the  track  where  they  are  deposited  ; 
also  certain  types  of  dump  cars  are  unloaded  by  air  pres- 
sure by  pneumatically  opening  the  drop  side  doors  or 
drop  bottom  doors  depositing  the  load  of  ballast  or  dirt 
on  the  track  or  at  its  sides.  The  air  pressure  for  this 
work  is  taken  from  the  brake  pipe  at  a  time  when  the 
train  is  standing  still,  and  is  passed  into  an  independent 
storage  reservoir,  whence  the  working  supply  is  taken 
as  required.  A  pressure  governor  and  non-return  check 
valve  are  suitably  arranged  between  the  brake  pipe  and 
pressure  tank  to  prevent  air  from  passing  from  the 
brake  pipe  to  the  storage  reservoir  at  undue  times,  also 
to  prevent  the  return  of  air  from  the  pressure  tank  back 
into  the  brake  pipe. 

LOCOMOTIVES 

On  locomotives,  both  passenger  and  freight,  the  uses 
for  compressed  air  to  operate  devices  are  more  numer- 
ous. The  bell  ringer  takes  its  supply  from  a  suitable 
main  reservoir  connection  into  a  cylinder,  to  which  it  is 
admitted  automatically  by  the  movement  of  the  bell 
when  ringing.  The  engineer  or  fireman  starts  the  bell 
ringing,  or  stops  it,  with  a  small  air  valve  in  the  cab 
which  connects  by  pipe  to  the  bell-ringer  apparatus. 

The  modern,  heavy  locomotive  requires  such  heavy 
valve  gear  parts  as  to  make  it  exceedingly  difficult,  or 
even  impossible,  for  the  engineer  to  manually  reverse 
his  engine  or  to  notch  up  the  lever  in  the  quadrant  while 
steam  is  being  used.  A  pneumatically-operated  revers- 
ing gear  is  therefore  installed  on  many  of  these  locomo- 
tives, being  worked  by  a  simple  valve  in  the  cab  by  the 
engineer,  and  thus  relieving  him  of  the  exceedingly 
heavy  work  required  to  handle  the  reverse  lever. 

A  pneumatically-operated  fire  door  is  frequently  em- 
ployed on  heavy  steam  locomotives.  Air  pressure  ad- 
mitted and  released  from  a  special  cylinder  arrangement 
opens  and  closes  the  fire  door,  as  desired  by  the  fireman, 
and  is  operated  by  the  fireman  from  a  treadle  on  the 
foot-board.  This  arrangement  not  only  relieves  the  fire- 
man of  the  burden  of  opening  and  closing  the  fire  door 
with  each  shovelful  of  coal  placed,  but  effects  a  consid- 
erable saving  of  fuel,  and  also  prevents  damage  done  by 
cold  air  rushing  against  the  fire  box  sheets  and  tube 
sheets. 

On  railroads  where  locomotives  are  supplied  with 
water  from  long,  shallow  tanks  in  the  middle  of  the 
track  while  running,  instead  of  stopping  the  train  at  ele- 
vated tanks  by  the  side  of  the  track,  a  scoop  is  dropped 
into  the  track  tank  and  water  thereby  scooped  up  from 
the  track  trough  into  the  tank  at  a  fairly  high  rate  of 


On  some  compound  locomotives  an  intercepting 
valve  is  provided,  by  which,  when  the  engine  starts, 
high-pressure  steam  may  be  temporarily  used  in  the  low- 
pressure  cylinders  until  a  certain  rate  of  headway  is  ob- 
tained, say  lO  or  15  miles  per  hour,  when  the  intercept- 
ing valve  reverses  by  pneumatic  pressure  and  automat- 
ically throws  the  engine  into  compound.  A  manually- 
operated  air  valve  is  also  sometimes  used,  by  which  this 
intercepting  valve  may  be  operated  by  the  engineer. 

On  some  roads  in  the  West  where  water  is  bad  and 
frequent  blowing  off  of  the  water  is  necessary  to  stop 
priming  of  the  boiler  when  the  train  is  running,  a  pneu- 
matic blow-ofif  cock  is  operated  from  a  simple  valve  in 
the  cab. 

The  pneumatic  sander  has  become  a  necessary  device 
generally  on  all  locomotives,  as  it  will  more  evenly  and 
more  accurately  supply  the  necessary  amount  of  sand  on 
the  rail  to  keep  the  driving  wheels  from  slipping  in  bad 
weather.  The  sand  is  forcibly  blown  from  the  sand 
pipes  immediately  under  the  wheels  and  on  the  rail,  thus 
preventing  a  side  wind  from  clearing  the  sand  from  the 
top  of  the  rail  as  fast  as  it  falls,  which  was  one  of  the 
faults  with  the  old  hand-operated,  gravity  system. 

Cylinder  cocks  on  some  locomotives  are  pneumati- 
cally operated.  Likewise,  ash  pans  are  pneumatically 
dumped,  thus  making  it  unnecessary  for  the  fireman  to 
get  under  the  engine  while  on  the  road  to  clean  out  an 
ash  pan  which  has  filled  up. 

These  are  the  general  uses  to  which  compressed  air, 
taken  from  the  airbrake  system,  is  used  in  steam  and 
electric  service.  The  air  compressor  on  steam  roads 
must  necessarily  be  of  greater  capacity  to  supply  pres- 
sure for  these  devices  apart  from  supplying  pressure  to 
the  airbrake  system.  This  is  usually  taken  care  of  by 
installing  one  or  more  cross-compound  compressors  on 
the  locomotive,  or  two  simple  compressors,  placed  side 
by  side. 

In  each  of  these  cases  the  required  air  pressure  is 
taken  from  the  airbrake  system  at  some  point  connected 
to  the  auxiliary  reservoir,  and  never  from  the  brake  pipe 
direct.  The  reason  for  this  is  that  should  a  supply  of 
air  pressure  be  taken  from  the  brake  pipe  when  the  train 
was  running,  that  supply  would  make  a  reduction  in 
brake  pipe  pressure  similar  to  an  amount  taken  by  the 
engineer  with  his  brake  valve,  or  by  the  trainman  with 
the  conductor's  valve,  and  the  result  would  be  an  unde- 
sired  brake  application.  The  earlier  forms  of  these  sys- 
tems drew  directly  from  the  brake  pipe,  and  the  unde- 
sired  application  invariably  followed  an  operation  of  the 
device.  Precaution  should  also  be  taken  to  prevent  the 
return  of  air  pressure  into  the  brake  pipe  after  it  has 
been  passed  into  the  storage  reservoir,  as  a  return  would 
increase  the  brake  pipe  pressure,  thus  releasing  the 
brakes. 


The  Relation  of  Stokers  to  Smoke  Abatement* 


Joseph  G.  Worker 

Manager,  Stoker  Section, 

Westinghouse  Electric  &  Mfg.  Company 


FEDERAL  investigations  disclosed  a  few  years  ago 
that  out  of  240  cities  having  less  than  50  000  inhab- 
itants only  twelve  reported  either  a  smoke  ordi- 
nance or  an  official  charged  with  smoke  abatement ;  out 
of  sixty  cities  of  50000  to  200000  inhabitants  only  sev- 
enteen were  making  a  more  or  less  vigorous  effort  to 
suppress  the  nuisance  and,  out  of  these,  six  were  the 
most  active;  while  out  of  twenty-eight  cities  having  a 
population  of  200  000  of  over,  five  were  practically 
making  no  effort  to- 
ward smoke  abate- 
ment. If  the  above 
conditions  exist  to- 
day, it  surely  must  be 
due  to  a  lack  of  sup- 
port of  the  people. 
What  ever  matured 
public  opinion  wants 
in  smoke  abatement  it 
can  now  have. 

Nearly  all  power 
used  in  the  United 
States  is  obtained  by 
the  burning  of  soft 
coal.  The  produc- 
tion of  the  anthracite 
fields  is  practically  all 
taken  for  domestic 
use,  and  it  is  evi- 
dent that  this  coun- 
try must  depend  on 
its  bituminous  coals  for  manufacturint;  purposes. 

CAUSES   OF   SMOKE 

Smoke  is  produced  for  the  reason  that  coal  is  nor 
burned  properly,  and'tlie  reason  it  is  not  burned  prop- 
erly under  steam  boitehs-  may  be  due  to  a  number  of 
things: — 

I — The  boiler  room  may  be  too  hot,  dirty  and  unattractivi- 
a  place  for  managers  to  go  and  investigate  and  correct  bad 
conditions. 

.?— -Instruments  may  not  be  installed  to  indicate  when  the 
fuel  is  being  burned  properly;  or  if  instruments  are  installed 
they  may  be  clogged  up  with  coal  soot  and  inoperative ;  or  the 
fireman  may  have  little  intelligent  knowledge  of  the  use  of  tin- 
instruments. 

3 — The  grate,  or  stoker,  may  be  too  large  or  too  small,  or 
not  properly  designed  for  the  fuel  that  is  used. 

.; — There  may  not  be  sufficient  draft  for  the  amount  of  coal 
tliat  must  be  burned  on  the  grate;  the  stack  may  be  too  small, 
or  too  large ;  or  the  flues  improperly  designed. 

5 — The  boiler-room  attendants  may  not  be  trained  men,  and 
for  this  reason  the  equipment  may  be  improperly  operated. 

6 — The  furnace  may  be  designed  improperly;  there  may  be 
insufficient  combustion  space ;  the  furnace  standards  that  are 
known  to  be  right  may  have  been  slighted. 


7 — Refuse  may  be  mixed  with  the  coal  or  thrown  onto  the 
grate,  and  an  eflfort  made  to  burn  it. 

8 — The  load  may  be  very  fluctuating  or  changed  quickly, 
without  warning  to  the  boiler-room  attendants. 

9 — Excessive  overloads  may  have  to  he  maintained  for 
short  periods. 

10 — After  the  equipment  is  installed  the  operating  condi- 
tions may  have  changed ;  the  equipment  then  being  unsuited  for 
the  changed  conditions. 

// — The  equipment  may  be  misused  and  not  kept  in  proper 
operative  condition. 

13 — The  boiler  setting  may  be  leaky  and  in  bad  condition. 

IS — The  coal-burning 
equipment  may  be  out  of 
date. 

These  causes  of 
smoke  may  seem 
trivial,  but  they  must 
be  considered  in  the 
question  of  smoke 
abatement.  The 
smoke  -  abate  ment 
movement  m  u  s  t  be 
projected  upon  lines 
that  are  exact,  and  its 
most  distinguishing 
feature  will  be  the 
balancing  of  respon- 
sibility between  the 
people  and  the  vio- 
lators. All  of  us  ap- 
preciate that  the 
ideal  cannot  be  coni- 
])letely  realized,  but 
the  wav  to  hinder  a  near 


I — iNS'r--\i.L.\TioN  or  wiisnxijiiiu  .-,1,  i  ..laau-'KED  stokers 
Delray  Power  House,  Detroit  Edison  Company. 


nothing  should  be  placed 
approach  to  this  realization. 

The  large  central  stations  are  rapidly  securing  a 
complete  smoke  abatement.  They  are  going  through 
elaborate  processes  to  determine  the  most  economical 
and  smokeless  stoker  and  boiler  combination,  and  are 
building  adequate  stacks  to  provide  sufficient  draft  for 
the  maximum  overload  requirements.  On  account  of  the 
typical  power  station  load  curve  and  the  desirability  of 
carrying  the  peak  by  merely  raising  the  rate  of  steaming 
of  the  boilers  in  service,  old  equipment  is  being  replaced 
by  the  most  up-to-date  high-capacity  equipment.  The 
boiler-room  operators  are  being  trained  and  the  stokers 
and  boilers  are  being  operated  along  scientific  lines. 
This  requires  the  use  of  suitable  instruments,  such  as 
those  shown  in  Fig.  2.  These  instruments  indicate  to 
the  operators  just  how  the  coal  is  being  burned.  There 
are   steam  pressure  gauges,   steam  flow  meters,   draft 


*From  a  paper  before  the  Smoke   Prevention  Association, 
at  St.  Louis,  Mo.,  Sept.  28,  1916. 
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gauges,  CO,  recorders,  flue -temperature  recorders,  and 
controlling  devices  for  motor-operated  dampers.  .Throt- 
tle extensions  from  the  turbine-driven  blowers  are  close 
at  hand  for  regulating  the  air,  and  motor  control  close  at 
hand  for  regulating  the  coal  feed. 

It  is  quite  evident,  therefore,  that  progress  has  been 
made  in  the  utilization  of  the  coal  under  steam  boilers. 
Specifications  for  stokers  nowadays  read  as  follows : — 

"The  load  of  the  station  fluctuates  widely  over  different 
portions  of  the  day.  It  is  also  subject  to  rapid  change,  to  spe- 
cial operating  conditions,  as  sudden  showers,  etc.  The  stoker 
shall  he  capable  of  meeting  these  conditions  within  the  specified 
capacity  of  300  percent  of  rating  and  provide  for  the  manipula- 
tions of  the  fires  in  an  efficient  manner  and  zvithiii  the  limits  set 
by  the  smoke  ordixanee." 

From   this    it   is    evident   wherein    the    question    of 

smoke  abateinent  bears  relation  to  the  development  ot 

mechanical   stokers    for   burning   of   bituminous   coals. 

The  abih'ty  to  meet  such  specifications  has.  as  a  conse- 


FIG.  2 — GAUGE  BOARD  FOR  OPER.^TING   UNDURI-'EED  STOKERS 

Located   imniediatelj'  in   front  of   the   stokers, 
quence,  been  brought  about  by  the  improvement  in  me- 
chanical stokers  and  furnace  design. 

DEVELOPMENT  OF  STOKERS 

There  have  been  very  few  changes  in  the  mechan- 
ical design  of  the  chain  grate  or  overfeed  type  of  stoker. 
Higher  standards  of  settings  have  come  into  force  which 
have  eliminated,  to  a  great  extent,  the  smoke  problems 
of  this  class  of  equipment. 

There  has,  however,  been  a  tendency  to  install  these 
stokers  under  conditions  which  required  a  quick  change 
in  load,  and  where  excessive  overloads  had  to  be  main- 
tained. It  was  under  severe  conditions  of  this  kind 
that  natural  draft  stokers  produced  smoke.  It  has  been 
necessary,  therefore,  to  develop  an  equipment  that 
would  not  smoke  even  under  these  severe  conditions, 
and  this  has  led  to  the  development  of  the  underfeed 
stoker  and  forced  draft.   This  development  has  not  been 


entirely  a  problem  of  obtaining  high  steaming  capacities, 
as  most  people  suppose.  If  this  were  true,  natural  draft 
stokers  could  be  installed  with  excessive  grate  surface 
and  alinost  any  desired  capacity  obtained.  Even  though 
the  character  of  the  boiler  setting  allowed  the  installa- 
tion of  luore  grate  surface — if  it  were  required  that  this 


FIG.  3 — UNDERFEED  STOKERS 
Showing  series  of  inclined  retorts  and  corrugatccl   tu\ei-e>. 

equipment  be  operated  at  normal  rating — the  efficiency 
would  be  very  low,  due  to  the  fact  that  part  of  the  grate 
surface  would  not  be  effective,  and  there  would  be  no 
control  over  the  air  admission. 

From  a  general  survey  of  power  plants  it  would 
seem  that  the  present .  method  of  operation  is  around 
1 50  percent  of  boiler  rating.  At  this  steaming  capacity, 
the  fires  are  handled  very  easily,  and  there  is  no  trouble 
with  clinkers,  smoke,  brick  work  or  maintenance.  The 
\ery  best  economy  is  also  obtained  at  this  steaming  rate. 
Ihe  present-day  requirements  are  to  maintain  this  econ- 
nniv  at  normal  steaming  ca|)acilies.  and  also  to  provide 


FIG.    4 — SECTION    OF    FURNACE    CHAMBER 

Showing  operating  principle  and  air  control  of 
underfeed  stoker. 

reserve  capacity  in  the  same  equipment  so  that  sudden 
demands  for  steam  can  be  met.  The  need  is  for  flexi- 
bility of  equipment  to  meet  any  kind  of  an  emergency. 
If  it  is  necessary  to  take  a  boiler  off  of  the  line,  it  is 
expected   that    the    equipment    already    in    service   and 
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under  tire  will  take  iij)  the  load  and  handle  it  with  sus- 
tained reliability. 

Consider  a  case  of  a  plant  containing  two  500  horse- 
power boilers,  both  being  operated  at  about  125  percent 
of  boiler  rating.  This,  no  doubt,'  in  general  cases  is  a 
verv    efficient    rate,    and    high    efficiency   can   be    main- 


-PftAN   VIKW  OF   UXUERFliKU   STOKEK 


tained.  If  one  of  these  boilers  is  lost  the  equipment  in 
service  must  be  capable  of  delivering  1250  boiler  horse- 
power, or  a  steaming  capacity  of  250  percent  of  boiler 
rating.  Unless  the  stoking  equipment  is  capable  of 
doing  this,  a  third  boiler  would  be  necessary  for  this 
reserve  capacity  and,  in  most  cases,  this  boiler  must  be 
carried  on  "bank"  so  that  this  reserve  capacity  can  be 
put  on  the  line  with  the  least  possible  delay. 

Boiler-room  economics,  therefore,  has  demanded 
that  this  reserve  capacity  be  placed  in  the  coal-burning 
equipment  and  not  in  idle  boilers. 

This  phase  of  the  subject  will  probably  be  more 
apparent  upon  studying  the  condition  of  plants  that  are 
now  replacing  natural  draft  stoking  equipment  by 
forced  draft  underfeed  equipment.  This  equipment  is 
not  being  replaced  because  it  does  not  handle  the  coal 
properly,  or  on  account  of  inefficiency,  but  due  to  the 
fact  that  the  rate  of  combustion  is  so  close  to  the  maxi- 
mum capacity  of  equipment  that  there  is  no  reserve 
capacity  left.  Obviously,  there  are  only  two  things  to 
do  in  cases  of  this  kind, — either  install  additional  boilers 
or  a  stoker  equipment  with  a  larger  margin  of  reserve. 
The  underfeed  stoker,  therefore,  has  been  developed  to 
give  a  high  efficiency  at  normal  ratings  and  a  wide  range 
of  operation  with  enormous  reserve  capacity:  and  not 
primarily  to  give  high  steaming  capacity. 

THE  INCLINED  UNDERFEED  STOKER 

As  shown  by  Figs.  3  and  4,  the  inclined  underfeed 
stoker  is  made  up  of  a  series  of  inclined  retorts,  each 


retort  consisting  of  a  fuel  trough  and  two  parallel 
tuyere  boxes.  Fuel  fed  into  the  hopper  drops  in  front 
of  the  cylindrical  ram  when  the  latter  is  in  its  outward 
position.  On  its  inward  stroke  the  ram  pushes  the  coal 
ahead  of  it  into  the  furnace  and  beneath  that  previously 
introduced.  The  slope  of  the  grates  is  such  that  gravity 
does  not  materially  aflfect  the  forward  movement  of  the 
fuel.  Secondary  rams,  driven  from  the  main  rams  by 
lost  motion  connections,  are  therefore  provided.  The 
speed  of  the  rams  can  be  varied  automatically  to  suit 
different  load  conditions,  and  the  secondary  rams  can, 
through  the  lost  motion  connections,  be  adjusted  so  as  to 
give  that  condition  of  fuel  which  best  suits  the  coal  used. 

The  fresh  fuel  under  the  action  of  the  main  rams 
is  forced  under  the  incandescent  zone ;  the  coked  fuel  is 
moved  farther  backward  by  the  combined  action  of  the 
main  and  secondary  rams ;  and  finally  the  ash  itself  is 
forced  onto  the  discharge  grates.  The  entire  action  of 
the  stoker  is  to  move  the  fuel  necessary  to  carry  any 
desired  load  uniformly  backward  and  to  dispose  of  the 
residue  of  clinker  and  ash.  The  discharge  grates  con- 
sist of  two  dump  grates  providing  a  large  space  for  dis- 
charge of  the  refuse,  Fig.  5,  and  are  manually  operated 
from  the  side  of  the  furnace. 

The  shape  of  the  fuel  bed  formed  with  an  under- 
feed stoker  is' of  considerable  itnportance.  Due  to  the 
relatively  small  incline  (20  degrees)  and  the  use  of  de- 
flecting plates,  the  shape  of  the  fuel  bed  can  be  varied 
for  coals  having  different  coking  properties  and  differ- 
ent percentages  of  volatile  matter. 

Air  Supply — The  air  supply  to  each  portion  of  the 
furnace  is  under  the  control  of  the  operator.  From  Fig. 
4  it  will  be  seen  that  air  from  a  suitable  fan  or  blower 
is  admitted  to  the  sealed  furnace  chamber  through  the 
main  air  duct,  this  supply  being  controlled  by  the  but- 
terfi\-  valve.  From  this  chamber  the  air  goes: — t,  to 
the  air-distributing  box  located  at  the  front  of  the-  fur- 
nace above  the  tuyeres ;  2,  through  the  tuyeres  them- 
selves to  the  fuel  bed;  3,  over  the  feed  section,  and  4. 
to  the  front  discharge  grate.  The  rear  discharge  grate  is 
supplied  with  air  from  the  main  air  duct. 

The  butterfly  valve  and  air  damper  for  the  lower 
grates  are  operated  by  means  of  suitable  levers  from  the 
front  of  the  furnace.    Dampers  controlling  the  air  to  the 


from   the 


FIG.  6 — TOP  VIEW    OF   TUYERES 

Showing  method  of  interlocking, 
overfeed  and  discharge  grates  are  operated 
side  of  the  furnace  by  levers. 

The  shape  of  the  fuel  bed  can  be  controlled  by  the 
operator  and,  in  general,  it  should  conform  to  that 
shown  in  Fig.  4,  because  it  has  been  found  that  to  burn 
a  certain  amount  of  coal  per  square  foot  of  grate,  a 
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definite  air  pressure,  independent  of  the  resistance  due 
to  the  thickness  of  the  fuel  bed,  is  required.  Most  of 
the  volatile  gases  are  distilled  and  pass  through  the  fuel 
bed  at  the  front,  and  as  these  hydrocarbons  require 
about  three  times  as  much  air  for  combustion  as  does 
the  coke,  the  importance  of  a  large  air  supply  at  this 
point  is  apparent. 


FIG.   7 — PERFORMANCE  CURVES    FOR   INCLINED   UNDERFEED    STOKER 

Flue  draft  plotted  as  drop  through  boiler.  Stoker  windbox 
pressure  plotted  as  drop  through  grate  and  fuel  bed.  Average 
coil  analysis  : — Moisture  =  3.32 ;  volatile  matter  =  23.32 ;  fixed 
carbon  =  67.02;  ash  =  6.42;  sulphur  =  1-742;  b-t.u.  (dryl 
=  14  932.    Flue  gas  temperatures  100  times  those  indicated. 

Air  at  the  highest  pressure  employed  for  a  certain 
rating  enters  directly  under  the  front  part  of  the  stoker. 
Secondary  air  entering  from  the  air-distributing  box 
through  a  number  of  orifices  extending  across  the  entire 
width  of  the  furnace  mixes  with  the  carbon-monoxide 
and  gives  a  thorough  mixture  of  gas  and  air  over  the 
fire.  The  proper  volume  of  air  at  a  lower  pressure  is 
admitted  to  the  lower  end  of  the  fuel  bed,  this  air  being 
decreased  in  pressure  and  volume  to  suit  the  decreased 
thickness  and  combustible  percentage  of  the  fuel  bed. 
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to   interlock   them,   preventing   displacement    from    the 
tuyere  boxes,  are  clearly  shown  in  Fig.  6. 

Driving  Mechanism — The  main  rams  and  the  sec- 
ondary rams  are  operated  from  one  crank  shaft,  as 
shown  in  Fig.  i.  This  shaft  operates  at  a  low  speed 
of  one-half  revolution  per  minute  when  burning  about 
500  pounds  of  coal  per  retort,  and  is  driven  from  a  high- 
speed shaft  by  means  of  two  sets  of  worm  gears,  the 
speed  reduction  being  about  350  to  i.  The  gears  are 
enclosed  and  operated  in  a  bath  of  graphite  and  oil.  A 
large  hinged  cover  on  the  gear  case  makes  inspection 
easy.  The  crank  shaft  and  high-speed  shaft  are  di- 
vided into  interchangeable  sections,  each  section  driving 
two  to  four  rams.  By  means  of  clutches  on  the  high- 
speed shaft,  any  particular  section  may  be  stopped. 

TABLE  I— CHARACTERISTICS  OF  COLYER   (\V.  VA.) 
SCREEMXGS 


FIG.  8 — C.\P.\CITY   CURVE 

Grate  Construction — Corrugated  tuyeres  and  grates 
are  used  throughout.  As  shown  by  Fig.  3,  the  tuyeres, 
supported  by  a  box  girder,  overlap  each  other,  the  entire 
series  being  held  in  position  by  the  upper  block,  which 
is  packed  with  asbestos  to  allow  for  expansion.  The 
uniform  thickness  of  the  tuveres  and  the  method  used 


Test  No. 

I 

2 

3 

4 

5 

Moisture 

Volatile  Matter.  . 
Fixed  Carbon .... 
Ash 

4- 
24.11 
68.61 

7.28 

1.25 

14-364 

2.66 

24-47 

68.80 

6.73 

1-57 

14-539 

3  9 

24-54 

68-57 

6.89 

1.88 

14-329 

3  05 

24.60 

69-19 

6.21 

I  95 

14.440 

2.83 
22.67 
71-52 

5-8! 

2.07 
14-535 

B.T.U.  as  Fired.  . 

Duration  of  Test . 

24  Hrs. 

24  Hrs. 

13.25  Hrs. 

24  Hrs. 

2  Hrs. 

Percent        Boiler 
Rating 

50-7 

103.2 

145-5 

202.8 

361-75 

Combined    Boiler 
and       Furnace 
Efficiency 

79  7 

78.02 

76.6 

75-58 

TABLE  II— CHARACTERISTICS  OF  WESTERN  COALS 


Test  No. 

I 

2 

3 

4 

5 

Moisture 

\'olalile  Matter .  . 
Fixed  Carbon .... 
Ash 

14.49 
41.91 

44.40 

13  69 
0,63 
10270 

15  9 
36.3 
44-5 

l9.2 

5-7 
8953 

16-3 
36-1 
43-7 
20.2 

5-4 
8850 

15-28 
36-17 
42.08 
21.75 
3  84 
9670 

16.0 
36.8 
45-8 
17-4 
5-1 
9384 

B.T.U.  as  Fired.  . 

Duration  of  Test . 

22.5  Hr. 

10  Hrs. 

8  Hrs. 

24  Hrs. 

8  Hrs. 

Percent        Boiler 
Rating 

206 

208 

153-2 

149.6 

236. 

Combined    Boiler 
and        Furnace 
Efficiency 

73  6 

73-9 

74-2 

76.3 

68 

Test  No.   I — Wyoming  screenings. 

Tests  Nos.  2,  3,  4  and  5 — Illinois   (Fulton  County)   screcn- 


The  high-speed  shaft  is  generally  driven  by  means 
of  sprockets  and  chains  from  a  line  shaft  placed  below 
the  operating  floor.  The  line  shaft  can  be  driven  by  a 
steam  engine  or  an  electric  motor  and  is,  in  most  cases, 
so  controlled  with  respect  to  the  fan  drive  that  their 
speeds  vary  proportionally  with  each  other.  A  pro- 
tective device,  consisting  of  a  mild  steel  shearing  pin,  is 
used  so  no  damage  will  occur  should  foreign  substances 
be  accidentally  admitted  with  the  coal  and  block  the 
movement  of  the  rams. 

Capacity  and  Efficiency — The  problem  most  promi- 
nent before  engineers  at  the  present  time  is  to  obtain 
high  evaporative  capacity  with  sustained  efficiency  and 
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smokeless  operation.  In  this  respect  the  appHcation  of 
the  forced  draft  underfeed  stoker  has  given  most  nota- 
ble results.  Calculated  performance  curves  for  an  in- 
clined underfeed  stoker,  Fig.  7,  give  practically  all  the 
important  engineering  data  required  for  a  given  case : — 


Ui\ 


^^y^ 


FIG.  9 — APPLICATION   OF   UNDERFFED   STOKERS   TO  THE  EDGEMOOR 
TYPE  OF   BOILER 

Boiler  headers  set  ten  feet  from  floor  line. 
The  pounds  of  coal  burned  per  hour,  the  volume  of  air 
required  at  different  ratings,  the  efficiency  at  different 
ratings,  the  air  pressure  in  the  wind  boxes,  the  flue  draft 
and  flue  temperature.    These  characteristic  curves  vary 


FIG.    10 — APPLICATION   OF   UNDERFEED    STOKER   TO   THE    STIRLING 
TYPE  OF   BOILER 

The  furnace  arch,  which  is  generally  used  with  natural 
draft  stokers,  is  eliminated  in  order  to  obtain  the  full  effect  of 
the  radiant  heat  from  the  fuel  bed. 

for  different  coal,  boiler,  draft,  load  and  setting  condi- 
tions. 

The  capacity  and  efficiency  performance  with  West 
Virginia,  Illinois  and  Wyoming  coals  is  given  in  Tables 


I  and  II.  The  results  so  far  obtained  are  sufficiently 
gratifying  to  warrant  a  more  extensive  development 
with  coals  that  are  more  difficult  to  burn. 

Flexibility — On  account  of  the  ease  in  the  control  of 
air  and  coal  feed  for  particular  conditions,  the  equip- 


FIG.    II — APPLICATION    OF   UNDERFEED    STOKER   TO   THE   HEI.NE 
TYPE  OF   BOILER 

The  headers  of  the  boilers  are  set  ten  feet  from  the  floor  line, 
thus  providing  a  large  combustion  chamber. 


FIG.    12 — APPLICATION    OF    UNDERFEED    STOKER  TO   BABCOCK   .\ND 
WILCOX  BOILERS  OF  THE  CROSS-DRUM  TYPE 

This  combination  is  very  effective  as  far  as  smokelessness 

is  concerned.     Boilers  are  generally  of  large  capacity,  1200  to 

1500  hp.  Doors  have  been  placed  in  the  bridge  wall  for 
observation  of  the  furnace  from  the  rear. 

ment  is  very  flexible.  A  carefully  conducted  test.  Fig.  8, 
made  on  a  520  horse-power  boiler  which  had  been 
banked  for  six  hours,  showed  that  after  one  minute 
1700  horse-power  was  developed,  and  after  two  minutes-. 
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lyoo  horse-power.  After  8.75  minutes  2475  horse- 
power, or  475  percent  of  rating,  was  developed  with 
one-inch  flue  draft  and  4.1  inches  air  pressure.  The 
feed  valve  was  opened  after  ten  minutes  and  the  output 
gradually  diminished  to  i860  horse-power,  which  rating 
was  maintained  for  half  an  hour,  with  the  water  level 
slowly  rising.  The  feed-water  temperature  was  210 
degrees  F.,  and  readings  were  taken  at  15  second  inter- 
vals from  a  steam  flow  meter  previously  tested  and 
found  correct  as  checked  with  boiler  evaporation  tests. 
Maintenance — The  tuyere  blocks  of  the  underfeed 
stoker  are  covered  by  a  heavy  layer  of  green  fuel,  and 
the  air  passing  through  them  and  the  overfeed  and  dis- 
charge grates  has  a  cooling  efl"ect,  which  protects  them 
to  the  extent  that  the  maintenance  on  the  stoker  is  very 
low.  For  a  stoker  installed  under  an  ordinary  500 
horse-jjower  boiler  $85  per  year  should  cover  replace- 
ment of  worn-out  or  burned-out  stoker  ])arts  operated 
up  to  300  jjercent  of  rating. 


FIG.    13 — I-\-ST.\LI,ATION    OF   UNDERFEED   STOKERS 

Bluestone  power  house  of  the  Norfolk  &  Western  Railroad. 

The  maintenance  of  the  brick  work  depends  so  much 
upon  local  conditions,  the  operation  of  the  equipment, 
and  the  grade  and  workman.ship  of  the  masonry,  that  a 
statement  of  the  average  brick  work  maintenance  of  a 
furnace  could  not  be  made  that  would  be  applicable  to 
general  cases. 

Steam  Used  by  Jii.viliarles — The  steam  utilized  In- 
the  auxiliaries  for  driving  .stokers  and  forced  draft  fans 
varies  according  to  the  nuinber  and  arrangement  of 
these  units.  Steam-driven  auxiliaries  require  from  two 
to  three  percent  of  the  amount  of  steam  generated,  but 
where  the  exhaust  from  these  units  is  returned  for  feed 
water  heating  this  heat  loss  is  reduced  to  one-third  of 
one  percent.  Where  motor-driven  auxiliaries  are  used 
the  loss  is  about  one  percent.  The  effect  of  the  auxil- 
iaries, therefore,  on  the  economy  of  the  plant  depends 
upon  each  case  and  cannot  be  generalized. 

Application — The  underfeed  stoker  is  not  one  that 
can  be  applied  successfully  to  all  types  of  boilers  with- 
out regard  to  the  setting  standards  that  are  now  estab- 
lished.    Where  heavy  peak  loads  or  sudden  changes  in 


loads  nnist  be  met  it  is  very  important  that  sufficient 
combustion  space  be  provided.  When  underfeed  stokers 
are  applied  to  horizontal  return  tubular  boilers  the  boiler 
header  should  not  be  less  than  ten  feet  from  the  floor 
line. 

There  are  installations  of  underfeed  stokers  going 
in  today  that  are  prejudicial  to  good  furnace  perform- 
ance. The  same  thoughtful  attention  must  be  given  to 
the  application  of  underfeed  stokers  that  are  now  given 
to  the  overfeed  and  chain  grate  installations.  Figs,  y, 
10.  II  and  12  show  typical  combination  of  the  under- 
feed stoker  to  the  dififerent  types  of  boilers. 

THE  SELECTION  OF  STOKER  EQUIPMENT 

General — No  one  type  of  stoker  is  best  suited  to  all 
applications.  Local  conditions  of  load,  coal,  draft  and 
boiler  settings  must  be  considered  in  selecting  the  type 
of  stoker,  and  unless  these  engineering  features  are 
carefully  analyzed,  and  a  decision  based  on  this  analysis, 
,'m  unsatisfactory  installation  is  sure  to  result. 

There  are  conditions  under  which  the  chain  grate, 
iiverfeed  or  underfeed  type  of  stoker  is  best  suited,  and 
the  success  or  failure  of  an  installation  will  depend 
largely  upon  how  exact  the  engineering  analysis  is 
made.  While  each  installation  must  be  considered  and 
analyzed  individually,  a  few  general  principles  may  be 
L;iven  for  each  type  of  stoker. 

Overfeed  Type  Stokers — The  overfeed  stoker  is 
more  nearly  a  universal  stoker  than  any  other  type.  It 
burns  very  satisfactorily  the  high  volatile  coals  found  in 
Indiana  and  Illinois,  and  also  the  high  fixed  carbon 
coals,  such  as  are  largely  used  in  the  East.  It  is  unsuit- 
.ible  for  lignite  fuels.  The  stoker  is  very  accessible,  no 
vital  parts  which  may  become  damaged  being  out  of 
sight.  Ashes  can  be  removed  on  the  boiler-room  floor, 
so  that  expensive  basements  or  ash  pits  are  not  neces- 
sary. Where  maximum  capacity  is  not  over  200  percent 
of  boiler  rating,  and  with  proper  draft  and  furnace 
design,  this  type  of  stoker  will  give  very  satisfactory 
results.  This  stoker  is  particularly  adapted  to  return 
tubular  boiler  applications  and  to  boilers  generally  found 
in  the  moderate-size  boiler  plants. 

Chain  Grate  Stokers — The  field  for  chain  grate 
stokers  is  limited  to  the  high  volatile  coals  found  in 
Indiana  and  Illinois  and  parts  of  the  West ;  it  also 
handles  the  lignite  fuels  of  the  West  with  a  lesser  de- 
gree of  satisfaction.  It  has  not  been  adapted  to  burn- 
ing the  low  volatile  coals,  such  as  are  used  in  the  East. 
For  the  installation  of  this  type  of  stoker  the  boiler  room 
should  be  arranged  so  that  the  stoker  can  be  rolled  out 
in  front  of  the  boilers  for  repairs  without  interfering 
with  the  work  of  the  boiler-room  attendants.  The  ap- 
plication of  this  stoker  should  provide  a  pit  for  collect- 
ing the  droppage  of  fine  coal  through  the  grate  and 
suitable  pits  for  collecting  the  ash  and  refu.se.  It  does 
not  work  very  satisfactorily  to  take  the  ashes  out  on  the 
boiler-room  floor,  and  the  most  satisfactory  plants  have 
a  basement  where  the  ashes  are  removed  below.  This 
stoker  gives  excellent  results  for  uniform  loads.     Under 
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proper  draft  and  setting  conditions  this  stoker  is  smoke- 
less, easy  to  operate  and  efficient,  but  should  not  be  used 
for  applications  that  require  much  over  200  percent  of 
boiler  rating  for  maximum  capacity. 

Underfeed  Stokers — The  field  for  underfeed  stokers 
is  in  plants  that  have  large  peak  loads  or  where  sudden 
increases  in  steam  demands  must  be  met.  Where  maxi- 
mum reserve  capacities  of  300  or  even  400  percent  ot 
boiler  rating  is  required  this  type  of  stoker  should  be 
used.     The  stoker  should  then  be  surrounded  with  the 


proper  setting  conditions.  There  should  be  ample  com- 
bustion space,  large  pits  for  collecting  ash  and  refuse, 
and  either  a  tunnel  or  underground  construction  for  air 
ducts.  As  forced  draft  is  required  for  this  stoker,  the 
first  cost  per  rated  horse-power  is  high,  but  in  plants 
subject  to  conditions  which  make  the  application  of  this 
stoker  desirable  it  will  be  found,  in  most  cases,  that  the 
additional  expense  is  justified.  The  number  of  boiler 
units  may  be  reduced  by  its  use  and  a  saving  in  the  cost 
of  the  complete  boiler  plant  effected. 


600-1200  and  750-1500  Volt  Direct-Current 
Change-Over  Switches 


H.  R^  Mi-vmi 


ON  HIGH-SPEED  interurban  electric  railways 
which  employ  voltages  above  the  usual  standard 
for  city  service,  and  where  cars  run  also  on  city 
or  low-voltage  sections,  it  becomes  necessary  under  cer- 
tain conditions  to  make  changes  in  the  arrangement  of 
the  main  motor  and  compressor  wiring,  as  well  as  in  the 
lighting  and  control  circuits,  in  order  to  secure  satisfac- 
tory operation  on  the  higher  as  well  as  the  lower  volt- 
ages. To  make  the  necessary  changes  in  all  circuits 
when  changing  from  a  low-voltage  zone  to  another  zone 
of  different  potential  some  form  of  change-over  switch 
must  be  employed.  These  change-over  switches  are 
usually  made  in 
the  form  of  a 
combination  o  f 
contacts  and  fin- 
gers, with  the 
contacts  placed 
on  a  movable 
drmii,  so  that 
two  or  ni  o  r  e 
c  o  m  b  i  nations 
can  be  obtained 
by  a  movement 
of  the  d  r  u  m. 
Except  in  a  very 
few  cases,  the  value  of  the  higher  voltage  is  twice  that 
of  the  lower  voltage,  and  this  arrangement  permits  a 
change-over  of  connections  of  the  simplest  form. 

In  making  a  general  survey  of  high-voltage,  direct- 
current  interurban  lines,  there  are  three  distinct  sys- 
tems which  present  themselves  for  the  consideration  of 
the  investigator,  which  may  be  classified  in  the  se- 
quence of  desirability  from  an  engineering  viewpoint  as 
follows : — 

System  i — Straight  1200  or  1500  volt  operation. 

System  i — 600/1200  or  750/1500  volt  operation  with  lialf 
speed  of  the  motors  on  the  lower  voltage. 

System  s — 600/1200  or  750/1500  volt  operation  with  full 
speed  of  the  motors  on  the  lower  voltage. 


System  i  covers  that  portion  of  the  railway  field 
where  strictly  interurban  service  is  contemplated.  In 
other  words,  when  a  road  is  to  be  run  between  and 
through  towns  where  no  low-voltage  railways  exist,  or 
where  the  terminals  of  the  high-voltage  road  are  to 
remain  at  the  outskirts  of  the  larger  city  in  which 
low-voltage  railways  are  in  operation  and  where  the 
higher  voltages  are  not  permitted,  a  straight  1200  or 
1500  volt  system  is  usually  installed.  As  no  change  in 
speed  due  to  a  radical  change  in  voltage  is  encoun- 
tered with  this  system,  the  connections  for  the  main 
circuits  are  arranged  as  shown  in  Fig.  2. 

System  2  in- 
cludes those 
roads  where  a 
small  amount  of 
low-voltage  city 
running  is  nec- 
e  s  s  a  r  y  and 
where  fast 
schedules  and 
close  h  e  adway 
are  not  consid- 
ered necessary. 
No  change  o  f 
main  circuits  is 
required  in  this  case,  and  the  connections  would  be  the 
same  as  in  System  i  were  it  not  for  the  necessity  of 
changes  in  the  auxiliary  circuits  in  order  to  obtain  full 
voltage  on  the  lamps  and  control  system  during  low- 
voltage  operation.  Connections  for  this  system  are 
shown  in  Fig.  3. 

S\stem  3 — Wherever  low-voltage  running  is  encoun- 
tered in  connection  with  high-voltage  interurban  service, 
and  where  close  schedules  and  headway  must  be  main- 
tained. System  3  is  employed.  In  order  to  obtain  the 
same  speed  in  the  low-voltage  as  is  obtained  in  the  high- 
voltage  zone  the  circuits  are  arranged  as  shown  in 
Fig.  4. 
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When  a  change-over  of  part  of  a  low-voltage,  direct- 
current  railway  system  to  a  higher  voltage,  or  the  build- 
ing of  a  high-voltage,  direct-current  line  where  cars 
must  operate  over  a  section  of  a  low-voltage  line  is  con- 
templated, one  of  the  first  questions  of  importance 
which  confronts  the  engineer  in  charge  is  the  effect  that 
the  change  in  speed  due  to  changes  in  voltage  will  have 
on  his  schedules. 

Except  in  a  very  few  cases,  where  an  interurban 
high-voltage  extension  to  an  existing  low-voltage  city 
system  is  made,  the  high-voltage  section  is  twice  the 
voltage  of  the  low-voltage  section,  so  that  either  half  or 
full  speed  can  be  obtained  on  the  low-voltage  section  by 


IIG.    2 — SCHEM.\TIC    DI.\GRAM    FOR    1200    VOLT    EQUIPMENT 
WITH    HI,   CONTROL 


FIG.  3 — SCHEMATIC  DIAGRAM    FOR   600-I200   VOLT   EQUIPMENT 

With  HL  control  arranged  for  half-speed  operation 
on  6oo  volts. 


FIG.   4 — SCHEMATIC   DIAGR:\M    FOR  600-I200  VOLT  EQUIPMENT 

With  HL  control  arranged  for  full-speed  operation 
on  6oo  volts. 

means  of  a  few  simple  changes  in  connections.  When 
there  is  only  a  small  amount  of  moderate  speed  city 
running,  it  is  not  necessary  to  operate  the  motors  at  full 
speed  on  the  low-voltage  section. 

By  operating  at  half  speed  on  the  low-voltage  section 
the  necessity  of  a  main  circuit  change-over  device  for  re- 
arranging the  main  circuits  is  obviated.  However,  it  is 
essential  that  the  control  circuits  obtain  full  voltage  on 
both  the  low  and  high-voltage  sections,  and  it  is  almost 
universally  required  that  the  lights  burn  at  full  brilliancy 
at  all  times.  To  obtain  the  correct  arrangement  of  cir- 
cuits on  both  voltages  where  a  dynamotor  is  used  in  con- 
nection with  the  compressor  or  alone,  a  change-over 
switch  is  used  as  shown  in  Fig.  i,  with  connections  as 
in  Fig.  5.  This  type  of  change-over  switch  is  operated 
electropneumatically   from  the  operating  platform  and 


is  satisfactory  for  use  where  cars  are  operated  in  trains, 
since  the  switches  on  all  cars  can  be  operated  at  the  same 
time.  This  change-over  switch  can  also  be  arranged  for 
use  on  equipments  which  employ  a  double-commutator 
compressor,  which  is  sometimes  necessary  to  obtain  full 
speed  of  the  compressor  on  the  lower  voltage,  where 
half  speed  does  not  give  the  required  air  pressure.  In  a 
number  of  cases  it  has  been  found  unnecessary  to  run 
the  compressor  at  full  speed,  but  where  such  a  condition 
exists  a  minimum  amount  of  air  is  used.  In  the  con- 
struction of  this  change-over  switch  an  air  cylinder  is 
used  with  an  operating  magnet  similar  to  that  employed 
in  HL  control.  The  piston  rod  of  this  cylinder  assem- 
bly is  directly  connected  to  a  set  of  contacts  and  indi- 
rectly to  a  set  of  fingers  which,  when  in  tiie  normal  or 
high-voltage  position,  connect  both  sections  of  the 
dynamotor  in  series,  and  when  in  the  low-voltage  posi- 
tion connect  both  sections  in  parallel. 


FIG.  5 — DIAGRAM  OF  CONNECTIONS  OF  SWITCH  SHOWN  IN  FIG.   1 

In  the  normal  or  high-voltage  position  the  change- 
over switch  is  in  the  out  position  and  the  operating  mag- 
net is  not  energized.  When  running  onto  the  low-voltage 
section  of  the  line  the  operating  magnet  is  energized  by 
means  of  a  control  switch  located  in  the  motorman's 
cab.  When  this  coil  is  energized,  air  is  admitted  to  the 
cylinder  and  the  change-over  switch  is  thrown  to  the  in 
or  low-voltage  position. 

In  connection  with  equipments  that  may  run  at  only 
half  speed  on  the  low-voltage  section,  and  where  no 
dynamotor  is  used  to  furnish  power  for  the  control  and 
lights,  a  change-over  switch  is  necessary  to  connect  the 
lighting  circuits  in  series  or  in  parallel,  depending  on 
the  voltage,  and  to  take  care  of  certain  control  circuits 
where  it  is  imperative  that  the  operating  voltage  remain 
practically  constant.  A  hand-operated  change-over 
switch  which  is  used  very  frequently  for  this  type  of 
service  is  shown  in  Fig.  6.  The  method  of  changing 
connections  is  shown  in  Fig.  3.  For  single-car,  single- 
end  operation  this  change-over  switch  is  mounted  in  the 
cab  within  reach  of  the  operator. 
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When  it  becomes  necessary,  on  half-speed  equip- 
ment, to  operate  cars  in  trains,  and  it  is  undesirable  to 
operate  the  change-over  switches  on  each  car  separately, 
a  change-over  switch  of  the  type  shown  in  Fig.  7  is 
sometimes  used.    This  switch  takes  care  of  the  double- 


FIC.    6 — HAND-OPERATED    CHANGE-OVER    SWITCH 

For  the  control  and  lighting  circuits,  providing  for  half  speed 
on  600  volts. 

commutator  compressor  and  heater  circuits,  as  well  as 
lights  and  control. 

For  equipments  requiring  full-speed  operation  on 
the  low-voltage  sections  a  change-over  switch  similar  to 
the  one  shown  in  Fig.  8  is  generally  used,  although  in 
some  cases  these  switches  are  operated  electropneumat- 
ically  or  by  air  alone.     The  latter  condition  is  usually 


changing  from  the  low  to  the  high-voltage  sections,  or 
vice  versa. 

When  changing  from  the  high-voltage  to  the  low- 
voltage  position  the  starting  resistance  sections  are  par- 
alleled to  give  one-quarter  the  resistance,  and  the  motors 
are  connected  in  parallel,  as  shown  in  Fig.  4.  As  the 
voltage  has  been  reduced  to  one-half  (assuming  a  volt- 
age system  of  600/1200,  or  750/1500)  and  the  resist- 
ance to  one-quarter  of  its  former  value,  the  current 
through  this  circuit  will  be  doubled,  which  is  the  cur- 
rent required  by  the  motors  when  arranged  for  low- 
voltage  running. 

The  dynamotor  connections  are  such  that,  when  run- 
ning in  the  high-voltage  position,  both  windings  are  con- 
nected in  series  and  the  tap  for  lighting  and  control  is 
taken  from  the  middle  point.  When  running  on  the  low- 
voltage  section  the  windings  are  connected  in  parallel 


FIG.    7 — CHANGE-OVER    SWITCH    FOR    TRAIN    OPERATION 

found  on  express  cars  intended  for  single-car  operation. 
The  type  of  change-over  switch  illustrated  in  Fig.  8  is 
arranged  to  take  care  of  the  main  motor  circuit,  com- 
pressor, dynamotor  control,  lighting  and  all  auxiliary 
circuit   which    require   a   change   in   connections   when 


FIG.   8 — CHANGE-OVER   SWITCH    FOR   FUH   SPEED  ON  6oO  VOLTS 

and  the  tap  for  lights  and  control  is  taken  directly 
from  the  trolley.  The  dynamotor  connections  are  shown 
in  Fig.  9. 

All  other  conditions  remaining  the  same,  the  per- 
centage difference  in  costs  of  control  equipment  of  the 
three  systems  will  be  as  follows : — 

Basing  the  costs  on  a  straight  1200  or  1500  volt 
equipment  (which  is  considered  ideal)  at  100  percent, 
the  costs  of  equipments  for  half-speed  on  600  or  750 
volts,  and  for  full  speed  on  600  or  750  volts,  will  be 
approximately  as  indicated  in  Tables  I  and  II.  In  pre- 
paring these  cost  percentages  the  change-over  switches 
employed  are  all  assumed  to  be  of  the  hand-operated 
type  except  those  used  with  the  straight  1200  volt  equip- 
ments, in  which  case  the  pneumatically-operated  type 
shown  in  Fig.  i  is  used. 

The  costs  given  in  Tables  I  and  II  do  not  take  into 
consideration  control  equipments  employed  for  field 
control  motors,  as  this  constitutes  a  special  case  at  these 
voltages  involving  a  greater  number  of  switches.  For 
equipments  running  at  half  speed  on  600  or  750  volts 
four  extra  switches  are  required,  and  for  equipments 
running  at  full  speed  on  600  or  750  volts  eight  extra 
switches  are  necessary  for  field  control. 
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TABLE  I-PERCENT  COSTS  OF  NON-DYNAMOTOR 

EQUIPMENTS 


Motor 
Kw. 

1200  Volts 

Half  Speed 
On  600  Volts 

Full  Speed 
On  600  Volts 

41 

100 

104 

"3 

60 

100 

105 

115 

70 

100 

105 

122 

9o 

100 

106 

1^4 

Although  there  are  a  great  many  equipments  which 
are  operated  at  the  present  time  at  half  speed  on  the 
low-voltage  section,  in  which  case  it  is  only  necessary 
to  change  the  control  and  lighting  circuit,  the  general 
trend  seems  to  be  towards  operation  at  full  speed  on 
the    low-voltage    section,    in    which    case    change-over 


TABLE  II-PERCENT  COSTS  OF  DYNAMOTOR 

EQUIPMENTS 


Motor 
Kw. 

1200  Volts 

Half  Speed 
On  600  Volts 

Full  Speed 
On  600  Volts 

41 

100 

to8 

III 

60 

100 

108 

114 

70 

100 

108 

124 

9o 

100 

108 

126 

no.    9 — SCHEMATIC    liIAORAM    Ol-     liV  X  A  MoTiK-CuMPRKSSOl! 
CONNECTIONS 

switches  which  make  the  required  changes  in  all  cir- 
cuits are  employed.  It  would  seem  probable  that  eighty 
percent  of  all  future  high-voltage  interurban  equipments 
will  be  of  the  latter  type,  and  that  when  train  operation 
is  necessary  these  change-over  switches  will  be  pneu- 
matically operated. 


Grid  Resistor  Standardization 


H.  H.  Johnston 


ELECTRIC  railway  companies  having  many  diflfer- 
ent  classes  of  car  equipments  in  operation  and  have 
found  in  many  cases  that  it  would  be  desirable  to 
have  a  fewer  number  of  resistor  layouts  than  at  present, 
and  many  attempts  have  been  made  to  adopt  a  standard 
resistor  for  all  equipments.  If  the  parts  to  be  carried 
in  stock  are  diiiferent  for  the  various  classes  of  equip- 
ments considerable  space  is  taken  up  for  the  spare  parts 
alone,  and  stock  records  become  more  complicated.  The 
convenience  in  making  quick  repairs,  brought  about  by  a 
standardization  of  the  resistors,  is  of  more  importance 
than  a  reduction  in  the  number  of  stock  parts,  and  it  is 
with  this  view  that  operators  have  been  attempting  to 
reduce  the  number  of  resistor  layouts  to  a  minimum. 

The  resistance  which  should  be  inserted  in  series 
with  the  motors  during  the  accelerating  period  is  a  func- 
tion of  the  motor  rating,  the  motor  characteristics,  and 
the  number  of  motors,  the  trolley  voltage,  the  gear  ratio, 
the  diameter  of  the  driving  wheels,  the  weight  of  the  car 
or  locomotive,  the  scheme  of  control,  and  the  service 
requirements.  If  the  car  equipments  of  a  railway  sys- 
tem are  alike  in  all  respects,  the  resistors  should  be  alike, 
and  a  standardization  of  this  part  of  the  equipment  can- 
not be  further  improved. 

Owing  to  space  limitations  under  car  bodies,  the  use 
of  one  style  of  grid  in  all  steps  of  a  resistor  is  prohibi- 
tive, as  this  requires  additional  grids  and,  therefore,  an 
additional  number  of  frames.  The  greater  number  of 
grids  is  brought  about  by  the  necessity  of  paralleling 
grids  in  the  steps  requiring  higher  current-carrying 
capacity,  if  a  low-capacity,  high  ohmic  resistance  unit 
be  used  as  the  standard.    On  the  other  hand,  if  a  high- 


capacity,  low-resistance  unit  is  the  .standard  adopted,  the 
steps  of  the  resistor  requiring  low  capacity  and  higher 
resistance  will  have  excess  capacity  and  an  excessive 
number  of  grids,  since  the  cross-section  of  the  higher 
capacity  grids  is  greater,  resulting  in  a  low-resistance 
unit. 

The  standardization  of  frames  having  the  same 
length,  or  distance  between  mounting  holes,  is  usually 
easy  to  adopt.  However,  the  determining  factor  is  the 
space  available  under  the  car  body.  The  limitation  due 
to  space  in  most  cases  is  brought  about  on  small  cars ; 
however,  the  same  condition  may  exist  on  large  inter- 
urban cars  where  the  equipment  under  the  car  body  has 
not  been  mounted  in  the  best  manner.  The  advantages 
of  using  a  standard  frame  length  are  that  the  different 
number  of  parts  which  must  be  carried  in  stock  are  re- 
duced, and  if  the  resistor  frames  for  the  various  equip- 
ments are  kept  in  stock  in  assembled  form  they  can  be 
stacked  in  a  more  orderly  manner.  This  results  in  a 
reduction  of  floor  space,  as  well  as  a  fewer  number  of 
grids  being  broken  due  to  handling  of  the  assembled 
frames. 

The  location  and  number  of  taps  or  terminals  on  a 
resistor  are  determined  by  the  type  of  control  and  other 
factors  of  the  equipment  already  mentioned.  If  tv^'O  or 
more  equipments  vary  in  weight,  and  the  difference  is 
not  great  enough  to  cause  a  difference  in  the  type  of 
motors  used,  or  any  difference  in  the  controllers,  gear 
ratio  and  diameter  of  the  wheels,  it  may  be  possible  to 
apply  the  same  resistor  to  all  equipments.  However, 
the  variation  in  the  actual  resistance  in  the  grids  from 
the  calculated  values  for  each  equipment  should  not  be 
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greater  than  tivc  pcrcciu.  if  .snuiotli  acceleration  is  to  bo 
maintained  by  careful  operation  of  the  controller.  When 
making  up  a  standardization  for  equipments  already  in 
service  a  careful  consideration  should,  therefore,  be 
given  to  the  accelerating  conditions,  and  combining  the 
terminal  locations  should  be  of  secondary  importance. 
The  advantages  of  having  the  taps  of  a  standard  re- 
sistor combined  to  use  one  set  of  terminals  are  obvious, 
in  that  the  minimum  number  of  terminals  is  used,  and 
there  is  less  chance  for  error  in  making  cable  connec- 
tions to  the  resistor  taps.  This  is  of  particular  im- 
portance where  equipments  having  any  difiference  in 
the  type  of  control  are  standardized. 

Before  proceeding  to  make  up  a  standardization  in 
the  resistors  for  a  number  of  equipments  in  service  it  is 
necessary  to  be  familiar  with  the  apparatus  on  each  car 
in  order  that  the  most  economical  application  be  made. 
If,  for  example,  with  a  total  of  25  equipments  there  are 
20  equipments  with  resistor  hangers  for  22  grid  frame 
lengths,  and  the  remaining  five  equipments  have  hangers 
for  30  grid  frames,  the  logical  frame  length  to  choose 
would  be  the  22  grid  frame.  However,  it  must  be 
known  what  changes  are  necessary  in  order  to  apply  the 


MG.    I         FIG.   2  IIG.    3  FIG.   4  FU.,    ; 

Figs.  I  and  2 — Method  of  building  up  resistors. 
Fig.  3 — Resistor   layout   for   rheostatic   controller. 
Fig.  4^Resistor  layout  for  parallel  steps. 
Fig.  5 — Combined  layout  of  Figs.  3  and  4. 


TABLE  I— D.\T.\  FOR  RESISTOR  L.WOUTS  OF  FIGS.  i.  2.  3 

4  and  5. 

Total 

Contin- 

Total 

Contin- 

Resist- 

uous 

Resist- 

uous 

Fig. 

Section 

ance 

Current 

Fin. 

Section 

ance 

Current 

Ohms 

Capacity 
Amperes 

Ohms 

Capacity 
Amperes 

I 

A-B 

0.78* 

SO 

4 

R..-R.. 

0.32 

43-3 

2 

A-B 

0.78 

50 

4 

R,,-R^.. 

0.3S 

34  8 

I 

.4,-B, 

0.88*» 

43  3 

4 

R,.^R,, 

0.48 

43.3 

2 

4,-B, 

o.86t 

5t 

R,-R...R,. 

0,32 

43  3 

.i 

R,-R.. 

0  32 

43  3 

R-.,R,,-R^ 

0.24 

43.3 

J 

R,-R] 

0.24 

43-3 

5 

R,-R,..-R, 

0.24 

43  3 

i 

R,-R, 

0.24 

43 . 3 

S 

R,..,R,-Rr. 

54  8 

,i 

R,-R, 

54   8 

5 

Rr.-R„ 

u  oS 

54.8 

3 

Rb-R., 

0,20 

54  8 

R,,-R.. 

R.rR,, 

0  24 

54   8 
4,i    3 

*Resistance  per  grid  =0.06  ohm. 
**Resistance  per  grid  =0.08  ohm. 
to .  06  ohm  per  grid  from  Ai  to  B  and  0 .  08  ohm  per  grid  from  S  to  i^i 

50  amperes  current  capacity  from  .4 ,  to  B  and  43.3  amperes  from  B  to  -B, . 
^Connect  to  .R,  i?,.  R^.  R,.  R^  and  R„  for  layout  shown  in  Fig.  4. 

Connect  to  Rn,  R13  and  Rn  for  layout  shown  in  Fig.  5. 

22  grid  frames  to  the  live  equipments,  for  it  may  be 
found  that  the  cost  of  making  the  changes  of  hangers 
and  other  equipment,  such  as  junction  boxes,  conduit 
and  resistor  taps  to  the  main  conduit,  will  be  greater 
than  changes  on  the  20  equipments  to  accommodate  the 
30  grid  frames. 

Having  determined  the  best  frame  length  to  adopt, 
the  next  thing  to  consider  is  the  maximum  number  of 
frames  required.  This  is  arrived  at  by  first  laying  out 
a  resistor  in  some  convenient  diagrammatic  form  for  all 
equipments  involved.     Each  layout  should  employ  the 


fewest  number  of  different  grid  styles  possible.  After 
this  has  been  done  it  is  best  to  combine  the  layout  having 
the  greatest  current  capacity  in  the  various  steps  with 
the  one  having  the  greatest  total  ohmic  resistance.  It 
will  usually  occur  that  the  resistor  having  the  highest 
capacity  will  have  the  lowest  total  resistance.  The  two 
layouts  just  combined  can  then  be  combined  with  the 
layout  having  the  next  highest  capacity,  etc. 

This  method  of  procedure  is  continued  until  all  of 
the  resistor  layouts  are  combined,  consideration  having 
been  given  to  the  thermal  capacity  required  in  the  vari- 
ous steps  and  to  the  type  of  control,  or  method  of  cut- 
ling  out  the  resistor  steps.  If  the  same  general  scheme 
of  control  is  used  on  all  equipments,  it  is  generally  found 
])ossible  to  follow  one  method  of  building  up  the  stand- 
ardization, that  is,  in  cases  of  rheostatic  notching,  after 
having  started  with  the  highest  capacity  resistor,  each 
succeeding  layout  may  be  added  to  the  previous  com- 
bination by  working  from  the  high  capacity  or  low  re- 
sistance steps  toward  the  low  capacity  or  high  resistance 
steps. 

A  simple  illustration  of  this  method  of  building  up 
the  standardization  is  shown  in  Figs,  i  and  2.     In  this 


FIG.  6  FIG.   7  FIG.  8  FIG.  9 

Fig.  6 — Standardized  resistor  layout  for  all  the  classes  of 
equipments. 

Fig.  7 — Resistor  classification  A. 
Fig.  8 — Resistor  classification  D. 

Frames  i  and  j  only  are  required. 
Fig.  9 — Resistor  classification  K. 

Frames  _'  and  ^  to  be  used  and  no  juniper 

connections  required. 

V,  ir,  X,  V  and  Z  represent  different  standard  grid  sizes. 

case  two  single-step  resistors  are  combined  and,  as 
shown  in  Fig.  2,  A^-B^  is  made  up  of  the  grids  A-B  of 
Fig.  I  plus  one  more  grid  of  the  same  capacity  used  in 
A^-B.^,  Fig.  I.  If  more  layouts  were  to  be  combined 
with  these,  they  would  be  combined  with  these  two  in  a 
similar  manner ;  taking,  as  the  next  layout  to  be  com- 
bined, the  one  having  the  next  highest  capacity. 

If  instead  of  having  but  a  single  step,  the  layouts 
shown  in  Figs,  i  and  2  had  another  step,  B  to  C  and 
Bi  to  Ci,  respectively,  then  B  to  C  (if  it  were  the  next 
higher  capacity  step)  would  be  combined  or  added  to 
B-Bi  in  a  manner  similar  to  that  used  in  combining 
A-B,  and  A-B. 

Where  paralleling  of  the  various  steps  is  involved,  a 
building-tip  of  these  layouts  from  both  the  high  and  low 
capacity  ends  is  usually  required.  Figs.  3  and  4  illus- 
trate a  resistor  layout  for  a  rheostatic  controller  and  for 
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a  type  of  control  which  parallels  the  steps  while  acceler- 
ating the  equipment.  The  best  combination  of  the  two 
layouts  will  result  if  R^^  is  made  to  coincide  with  R^ 
and  the  step  R-^i-Rn  buih  up  from  the  grids  between 
the  steps  R^  to  R^  of  Fig.  3.  R^^-Rn  can  then  be  built 
up  from  the  grids  in  the  steps  from  R^  to  R^.    R^-Rn 
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FIG.    10— MELT-DOWN   TEST  ON   TWO   GRID  ASSEMBLIES 

Having  same  cold  resistance  and  continuous  capacity,  but 
differing  in  thermal  capacity;  275  percent  continuous  rating 
current  passed  tlirough  grids  with  grids  having  a  temperature 
of  23  degrees  C.  at  start  and  having  natural  ventilation  through- 
out test. 

is  then  made  up  by  using  the  remaining  grids  in  R1-R2 
step  and,  by  adding  the  necessary  number  of  grids  of  the 
proper  capacity  to  secure  the  necessary  resistance.  Fig.  5 
shows  the  two  layouts  combined  and  illustrates  how  the 
layout  in  Fig.  4  was  built,  mostly  from  the  grids  in  Fig. 
3,  by  beginning  at  the  lower  capacity  end  of  the  latter 
layout. 

Where  the  scheme  of  control  varies  for  nearly  all 
equipments,  no  well-defined  rule  can  be  followed  in 
building  up  the  standardization  and  a  cut-and-try 
method  will  usually  give  best  results. 

TABLE   II— GRID    RESISTOR    STANDARDIZATION 
Resistors  classified  according  to  location  of  terminals. 


Class  of 

Mo- 

No. of 

Gear 

Wheel 

Wght 

Type 

Resistor 

Equip- 

tor 

Mo- 

Ratio 

Dia. 

of  Car 

Con- 

Classifi- 

ment 

HP. 

tors 

In. 

Tons 

trol 

cation 

I 

38 

2 

15:69 

33 

12.5 

K-io 

A 

2 

38 

2 

15:69 

33 

18. S 

K-io 

B 

3 

40 

2 

17:69 

33 

17.2 

K-ii 

C 

4 

70 

2 

1 8:69 

33 

18.5 

K-ii 

C 

5 

60 

2 

16:71 

33 

10. 

K-36 

C 

6 

25 

4 

21:62 

33 

20. 

K-12 

D 

7 

50 

4 

24:63 

34 

32. 

K-14 

E 

8 

50 

4 

21:64 

33 

28.5 

K-14 

E 

9 

50 

4 

2l;66 

34 

29. 

K-14 

E 

10 

50 

4 

1 6:69 

33 

30. 

K-14 

F 

II 

40 

4 

17:69 

33 

32. 

K-28 

G 

12 

40 

4 

25:61 

34 

26.5 

K-28 

G 

13 

40 

4 

17:64 

33 

20.5 

K-28 

H 

14 

38 

4 

15:69 

33 

i9.S 

K-28 

H 

15 

38 

4 

17:69 

34 

24. 

K-28 

H 

16 

40 

4 

22:64 

34 

25-5 

K-28 

J 

17 

40 

4 

22:64 

33 

25- 

K-28 

J 

18 

40 

4 

22:64 

34 

27- 

K-35 

K 

i9 

40 

4 

1 9:67 

34 

27-5 

K-28 

L 

20 

40 

4 

15:69 

33 

21 . 

K-28 

M 

21 

40 

4 

17:69 

33 

30. 

K-28 

■     M 

The  data  given  in  Table  II  is  typical  for  a  standardi- 
zation of  21  classes  of  equipments.  For  these  equip- 
ments a  standardization  of  the  grid  resistors  has  been 
made  up,  which  makes  it  possible  to  have  one  standard 
layout,  consisting  of  three  standard  length  frames  and  a 


total  of  five  different  styles  of  grids.  The  standard  lay- 
out ready  to  locate  the  terminals  for  the  various  resistor 
classifications  is  shown  in  Fig.  6,  while  Figs.  7,  8  and  9 
show  the  terminals  located  as  required  for  classifications 
A,  D  and  K.  The  layout  of  the  other  classifications  is 
made  in  a  similar  manner,  and  when  the  terminal  loca- 
tions have  been  determined  for  all  the  classifications 
they  can  be  located  by  the  shop  men  by  referring  to  the 
terminal  location  charts,  kept  in  a  convenient  place  for 
reference. 

From  Figs.  7,  8  and  9  it  is  evident  that  all  of  the 
grids  in  the  standard  layout  are  not  required  for  all  the 
classifications,  as,  for  example,  D  and  K,  while  A  makes 
use  of  all  the  grids.  In  D  frames  No.  i  and  No.  2  are 
used,  while  in  K  frames  No.  2  and  No.  3  are  required. 

In  making  up  a  standardization  for  many  widely 
different  equipments  it  will  often  be  found  impossible  to 
make  one  layout  suitable  for  all  the  equipments  involved, 
and  two  or  more  standard  layouts  will  be  necessary. 

The  thermal  capacities  of  grid  units  of  different 
manufacture  differ  somewhat,  and  grids  having  the 
same  continuous  current-carrying  capacity,  but  with  suf- 
ficiently different  thermal  capacity,  may  cause  trouble 
in  a  standardization  if  the  continuous  ratings  are  fol- 
lowed. This  brings  up  the  question  of  service  condi- 
tions and  the  consideration  of  peak  loads  in  choosing 
grids  of  the  proper  capacity.  A  check  on  the  thermal 
capacity  of  the  grid  units  can  be  made  by  reference  to 
their  weights  per  ohm ;  the  thermal  capacity  being  di- 
rectly proportional  to  the  weight.  The  importance  of 
thermal  capacity  can  be  seen  from  Fig.  lO,  which  shows 
the  increase  in  resistance  and  points  of  distress  and 
failure  of  two  grids  having  the  same  continuous  ca- 
pacity, but  differing  in  thermal  capacity.  A  current  of 
275  percent  of  the  continuous  rating  was  passed  through 
both  grids  and  the  condition  of  the  grids  noted  at  half- 
minute  intervals.  The  grids  having  the  higher  thermal 
capacity  showed  color  two  minutes  after  the  start  of 
the  test,  while  the  grids  of  lower  thermal  capacity 
showed  color  in  half  this  time. 

Under  the  subject  of  standardization  may  be  consid- 
ered a  standard  method  of  making  repairs.  If  no  stand- 
ard or  systematic  method  of  making  repairs  is  adopted 
it  will  be  only  a  question  of  time  until  the  resistors  are 
in  a  poor  condition.  In  going  over  a  number  of  re- 
sistors in  service  it  is  not  unusual  to  see  a  number  of 
grids  of  different  capacity  in  one  or  more  of  the  steps 
of  the  resistors.  This  condition  should  not  exist  if  a 
standard  method  of  making  repairs  has  been  adopted 
and  the  arrangement  of  the  grids  as  supplied  by  the 
equipment  manufacturer  is  followed.  The  poor  condi- 
tion of  the  resistors  will  usually  show  up  in  the  form  of 
poor  acceleration  of  the  equipment  and,  if  grid  replace- 
ments are  made  without  considering  capacities,  the  poor 
condition  will  show  up  in  the  form  of  burnouts  of  the 
grids  of  too  low  capacity. 


Operation  of  Philadelphia-Paoli  Electrification 


OF   THE   PENNSYLVANIA   RAILROAD 


W.  H.  Thompson  and  L.  E.  Frost 


ELECTRIC  trains  were  first  placed  in  service  on 
the  Philadelphia-Paoli  electrification  of  the  Penn- 
sylvania Railroad  in  September,  1915.  During 
the  first  few  days  of  electric  operation  two  groups  of 
cars  were  used.  One  group  made  one  round  trip  per 
day  between  Philadelphia  and  Paoli,  and  the  other  made 
three  round  trips,  a  total  of  eight  electric  trains.  The 
local  steam  trains  were  taken  oflf  gradually  until  the 
latter  part  of  October,  when  the  entire  local  service  of 
68  trains  per  day  had  been  transferred  to  the  electric 
schedule.  The  running  time  was  reduced  five  minutes 
westbound  and  one  minute  eastbound,  when  the  last 
local  steam  train  was  taken  off.  A  month  later  the  five 
morning  and  five 
evening  local  ex- 
presses  were 
added  to  the  elec- 
tric schedule.  In 
May,  1916,  a  new 
schedule  was 
adopted,  in  which 
there  are  85 
trains  per  day, 
and  in  which  an 
additional  reduc- 
tion in  running 
time  of  three 
minutes  w  e  s  t  - 
bound  and  two 
minutes  east- 
bound  was  made. 
This  schedule  is 
in  efifect  at  the 
present  time.  The 
shortest  train  has 
two  cars;  the 
longest,  eight  or  nine,  while  the  average  train  length 
is  four  cars. 

The  main  line  running  into  Broad  Street  terminal 
constitutes  one  of  the  busiest  sections  of  steam  railroad 
in  the  United  States.  Nevertheless,  the  construction 
vrork  of  installing  the  catenary  system  was  success- 
fully accomplished  without  interference  with  traffic,  and 
since  its  completion  the  electric  trains  operate  over 
the  same  tracks  used  by  the  steam  trains  without  the 
slightest  interference.  The  adoption  of  11  000  volts 
made  it  possible  to  use  an  overhead  system  of  contact 
wires  which  is  of  such  light  and  simple  construction 
that  the  visibility  of  the  signals  is  not  interfered  with 
and,  therefore,  the  steam  trains  for  through  passen- 
ger and  freight  traffic  are  operated  over  the  electrified 
sections  without  any  disadvantages  due  to  the  electrifi- 
cation. 


The  motor  cars  are  the  standard  steel  cars  which 
have  been  in  use  for  several  years  for  steam-operated 
suburban  service.  The  electrical  equipment  was  mounted 
on  these  cars  with  practically  no  changes  with  the  excep- 
tion of  adding  a  platform  end  door  for  the  motorman's 
compartment,  the  substitution  of  a  motor  truck  for  one 
of  the  standard  trucks  and  changing  the  lighting  and 
heating  system  to  be  supplied  from  the  trolley. 

Each  car  is  a  motor  car  and  no  trailers  are  used ; 
therefore,  the  amount  of  power  which  can  be  supplied  to 
accelerate  a  train  is  very  much  greater  than  that  which 
can  be  supplied  from  even  the  largest  steam  locomotives, 
as  the  power  available  is  only  limited  by  the  capacity  of 

the  power  station, 
substations  and 
t  r  a  n  s  m  i  s  sion 
lines.  Some  long 
heavy  trains  may 
require  6000 
horse-power  for  a 
short  period  dur- 
i  ng  acceleration. 
It  is  evidently  be- 
yond the  range  of 
p  r  acticability  to 
supply  this 
amount  of  steam 
locomotive  capac- 
ity to  one  of  these 
trains  and  the  re- 
sult is,  therefore, 
that  the  accelera- 
tion and  resulting 
schedule  speed  of 
these  heavy  trains 
is  far  in  excess  of 
that  possible  with  the  Penns}  i  v'ania  Railroad's  largest 
locomotive. 

Another  important  advantage  of  these  multiple-unit 
cars  is  their  individual  mobility  and  double-end  opera- 
tion, which  allows  quick  turn-around  at  terminals  and 
saves  time  in  making  up  trains.  This  means  that  it  is  pos- 
sible to  operate  each  car  for  a  great  number  of  car-miles 
per  day  and,  consequently,  a  less  number  of  cars  are  re- 
quired for  the  service  than  under  steam  operation.  Indi- 
vidual cars  make  as  high  as  240  miles  per  day,  and  53 
cars  are  required  for  the  service  of  85  trains  per  day, 
exclusive  of  those  which  may  be  undergoing  inspection 
or  repairs.  In  the  eleven  months  of  operation  these 
trains  have  already  run  up  a  car  mileage  of  about  two 
million  miles. 

The  principal  object  of  this  electrification  was  to  re- 
lieve the  congestion  which  existed  at  Broad  Street  sta- 
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tion,  Philadelphia.  This  terminal  was  subject  to  con- 
gestion, due  to  the  fact  that  it  is  of  the  "stub-end"  type, 
and  the  i6  tracks  in  the  train  shed  converge  a  short  dis- 
tance outside  to  six  tracks  at  the  "throat,"  over  which 
all  trains  entering  or  leaving  the  station  must  pass.  A 
train  hauled  by  a  locomtive  enters  the  train  shed  to 
discharge  passengers.  Before  the  cars  and  engine  can 
be  used  again  for  another  train  the  cars  must  be  pulled 
out.  the  engine  backed  out  and  turned  around,  the  cars 
backed  in,  and  the  engine  backed  in.  This  involves  a 
large  number  of  movements  in  and  out  of  the  train 
shed,  each  of  which  must  be  past  the  first  signal,  which 
is  located  at  the  throat.  As  such  a  movement  may  block 
three  tracks,  it  was  very  difficult  to  make  the  number  of 
movements  necessary,  and  also  allow  the  passage  of  in- 
coming and  outgoing  trains  without  delay.  Once  a  delay 
was  started  during  a  rush  hour  it  became  cumulative, 
and  could  not  be  eliminated  until  the  rush  hour  was 
over. 

With  steam-operated  trains  the  average  number  of 
movements  before  the  cars  can  leave  as  another  train  is 
six,  as  follows  : — 

/ — Shifting  engine 
enters  train  shed. 

2— Shifting  engine 
pulls  cars  out  of  train 
shed. 

J — Road  engine  backs 
out. 

4 — Shifting  engine 
pushes  cars  into  train 
shed. 

5 — Shifting  engine 
leaves. 

6 — Road  engine  backs 
into  train  shed. 

With  multiple-unit 
operation  all  of  these 
movements  are  elim- 
inated. In  addition  to 
the  relief  which  this 
affords  to  the  throat 
congestion,  it  reduces  the  track  room  required  inside  the 
train  shed,  due  to  the  quicker  turn-around  which  is 
possible  with  the  electric  trains.  The  increase  in  ter- 
minal capacity  resulting  from  multiple-unit  operation 
of  the  85  Paoli  trains  has  improved  the  entire  service 
into  and  out  of  Broad  Street  station.  The  improve- 
ment is  due  not  only  to  a  reduction  in  the  num- 
ber of  switching  movements  in  the  approaches  to  the 
terminal,  but  also  to  the  greater  mobility  of  the  electric 
trains,  owing  to  better  acceleration.  The  advantages  of 
electric  operation  are  particularly  noticeable  to  the  oper- 
ating force  which  has  to  do  with  the  handling  of  the 
trains.  The  men  who  make  up  this  force  thoroughly 
appreciate  these  advantages.  With  the  additional 
electrification  of  the  Chestnut  Hill  branch,  on  which 
there  are  64  trains  per  day,  the  benefits  will  be  pro- 
portionately increased.  It  is  estimated  that  the  relief 
obtained  due  to  electrification  will  then  amount  to  23 
percent  in  the  morning  and  24  percent  in  the  evening 
rush  hours. 


,.-IG,   2 — TR.MN   OF    SINGI.K-PHASn    MIITOR    C\RS    PASSING    SIC.XAI.    BRIDGE 


While  the  prime  object  of  this  electrification  was  to 
relieve  the  congestion  in  Broad  Street  station,  it  has 
also  resulted  in  a  great  benefit  to  the  Pennsylvania  Rail- 
road, and  the  main  line  patrons,  by  improving  the  ser- 
vice. A  most  important  territory  is  served  by  the  elec- 
trified portion  of  the  main  line.  With  the  exception  of 
the  first  five  miles  of  congested  part  of  Philadelphia,  the 
route  is  through  a  prosperous  residential  district,  con- 
taining many  wealthy  homes,  beautiful  country  estates 
and  colleges.  The  class  of  patronage,  therefore,  is  one 
which  requires  a  service  of  the  highest  standard.  How 
well  this  demand  has  been  met  is  shown  by  the  fact  that 
although  an  average  of  20  000  per  day,  or  7  000  000  pas- 
sengers per  year,  are  carried  in  this  service,  complaints 
received  by  the  railroad  company  in  a  year  do  not  ex- 
ceed 25. 

The  electrification  benefits  the  patrons  by  providing 
better  schedules  and  by  operating  trains  with  fewer 
delays.  In  the  twenty  miles  from  Philadelphia  to  Paoli 
the  local  trains  make  19  stops,  and  the  local  expresses 
make  14  stops.    There  is  a  rise  in  elevation  of  500  feet 

from  Philadelphia  to 
Paoli.  The  running 
time  of  the  local 
trains  during  steam 
operation  was  57  min- 
utes westbound  and 
50  minutes  east- 
liound.  In  October, 
191 5,  when  the  entire 
local  service  was 
made  electric,  these 
running  times  were 
reduced  to  52  and  49 
minutes,  respectively. 
In  May,  1916,  another 
reduction  in  running 
time  was  made,  to  49 
m  i  n  utes  westbound 
and  47  minutes  eastbound.  With  the  electric  operation 
of  the  local  expresses  the  steam  schedule  has  been  im- 
proved by  five  minutes  westbound  and  by  about  three 
minutes  eastbound,  the  running  times  now  being  44  min- 
utes and  41  minutes,  westbound  and  eastbound,  respec- 
tively. 

The  heavy  evening  trains,  when  operated  by  steam, 
were  never  able  to  make  schedule  time,  owing  to  slow 
acceleration.  These  trains,  operated  electrically,  acceler- 
ate just  as  rapidly  as  the  smaller  trains,  as  each  car  is  a 
motor  car  and  consequently  the  schedule  of  all  trains  is 
now  usually  followed  closely. 

POWER   SUPPLY 

Single-phase  power  for  this  electrification  is  pur- 
chased from  the  Philadelphia  Electric  Company.  Cur- 
rent is  received  at  13CXK)  volts  at  the  Arsenal  Bridge 
transformer  station,  where  it  is  stepped  up  to  44000 
volts.  At  this  pressure  it  is  transmitted  to  the  three 
step-down  transformer  stations,  at  West  Philadelphia, 
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Bryn  Mavvr  and  Paoli.  In  these  latter  transformer  sta- 
tions the  voltage  is  transformed  to  11  000,  the  trolley 
voltage. 

Until  the  Chestnut  Hill  electrification  is  completed 
it  was  anticipated  that  some  special  means  would  be  re- 
quired during  the  morning  and  evening  rush  hours  in 


FIG.   3 — PAOU  CAR  BARN 

Containing  five  tracks,  each  long  enough  to  hold  four  cars. 
The  inspection  work  on  the  Chestnut  Hill  cars  will  be  done  at 
Paoli,  when  the  electrification  of  the  branch  is  completed.  The 
interior  view  at  the  bottom  shows  the  pantagraph  inspection 
arrangement. 

order  to  insure  proper  voltage  regulation  on  the  trolley 
feeders.  Therefore,  a  temporary  installation  of  switches 
was  made  for  accomplishing  the  desired  result  by  chang- 
ing the  number  of  turns  of  the  low-tension  windings  of 
the  step-up  transformers  at  Arsenal  Bridge.  Taps  were 
brought  out  of  the  transformers  so  that  the  ratio  of 
transformation  could  be  altered  by  changing  from  one 
set  of  taps  to  another.  The  device  has  come  to  be  known 
as  the  "tap-changer."  Electro-pneumatically  operated 
oil  switches  are  used.  The  control  is  automatic,  and  is 
operated  by  a  compensator,  such  as  are  used  with  other 
types  of  regulators.  Interlocks  are  provided  to  prevent 
improper  operation  of  the  switches. 

EQUIPMENT    PERFORMANCE 

The  electrical  apparatus  of  the  multiple-unit  cars  is 
cooled  by  a  blower  fan,  which  delivers  about  6000  cubic 
feet  of  air  per  minute.  During  heavy  snowstorms  the 
first  winter,  considerable  snow  was  taken  in  with  the 
cooling  air.  For  a  time  this  threatened  to  be  a  serious 
trouble,  because  the  melting  snow  in  the  transformers 
impaired  the  insulation  and  caused  a  number  of  trans- 
formers to  develop  grounds.  The  air  intakes  for  the 
fans  were  on  a  line  with  the  side  of  the  car  and  faced 
outward.  As  a  temporary  expedient,  cheesecloth  was 
placed  over  the  intake  of  all  cars.  This  proved  to  be  an 
effective  means  of  keeping  the  snow  out  of  the  electrical 
apparatus.  As  a  permanent  cure  for  the  trouble  the 
intakes  have  been  changed  so  that  the  air  is  taken  in 


through  openings  located  underneath  the  car  body,  in  a 
position  comparatively  free  from  moisture.  In  addition 
to  this,  the  insulation  of  the  transformers  has  been  made 
more  moisture-proof  by  dipping  the  transformer  as  a 
whole  in  a  water-proof  varnish,  and  baking.  A  trans- 
former which  had  had  this  treatment  was  subjected  to  a 
test  in  which  water  was  sprayed  into  the  ventilating  air 
at  the  rate  of  32  cubic  inches  per  minute,  for  one  hour, 
without  impairing  the  insulation. 

During  the  early  months  of  electric  operation  several 
[jantagraphs  were  wrecked.  This  trouble  was  overcome 
by  adopting  a  stronger  end  horn  and  by  slight  modifica- 
tions and  adjustments  in  the  overhead  line. 

The  cars  have  the  blower  fan  and  the  air  compressor 
combined  in  one  outfit.  One  motor  drives  the  fan  con- 
tinuously and  the  compressor  intermittently.  The  latter  is 
cut  in  and  out  by  a  clutch,  which  is  operated  by  the  gov- 
ernor. The  single-phase,  doubly-fed  motor  which  is  used 
in  this  set  has  the  speed  characteristics  of  the  ordinary 
series  motor;  consequently,  the  fan  is  operated  at  two 
speeds.  In  order  to  deliver  the  required  average  quan- 
tity of  ventilating  air  it  is  necessary  to  operate  the  fan  at 
the  rather  high  speed  of  1400  r.p.m.,  with  the  com- 
pressor cut  out.  With  the  compressor  cut  in,  the  speed 
is  1000  r.p.m.  The  diameter  of  the  fan  is  about  21 
inches.  It  was  found  at  the  very  beginning  of  electric 
operation  that  the  fans  which  were  originally  furnished 
with  the  equipments  were  not  strong  enough  to  stand  the 
severe  service  conditions  imposed  by  this  set.  The  high 
maximum  speed  and  the  sudden  speed  changes  caused 
by  the  cutting  in  and  out  of  the  compressor,  together 
with  the  vibration  due  to  the  latter,  caused  excessive 
strains,  which  resulted  in  one  or  two  broken  blades. 
This  in  turn  threw  the  fan  out  of  balance,  thereby  ag- 
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FIG.  4 — APPLICATION  OF   "TAP-CHANGER"  TO   A    STEP-UP 
TRANSFORMER 

Steps  /,  -'  and  3  are  operating  positions ;  other  steps  are 
transition  positions. 

gravating  the  trouble.  The  vibration  caused  by  the  un- 
balanced fan  was  transmitted  to  the  car  body,  and  was 
therefore  objectionable.  In  order  to  get  best  results  it 
was  necessary  to  balance  the  fans  dynamically.  The 
new  fans  were  balanced  with  the  Akimoff  dynamic  bal- 
ancing machine  with  great  success. 


New  Motors  for  Old 

SOME  CONSIDERATIONS  ON  THE  RETIRING  OF  OBSOLETE  RAILWAY  MOTORS 

J.  B.  Ervin 
General  Engineering  Dept., 
Westinghouse  Electric  &  Mfg.  Company 


AN  OBSOLETE  motor  costs,  say,  $2.50  per  thou- 
sand miles  to  maintain.  A  modern  motor  cost- 
ing, say,  $400  can  be  maintained  for  $0.30  per 
thousand  miles.  A  trolley  car  can  average  35  000  miles 
per  year.     Then : — 

$2.50  —  $0.30  =  $2.20  saving  per  thousand  miles ; 

$2.20  X  35  =  %77  saved  per  year; 

%77  -^  $400  =  19-25  percent  of  the  first  cost. 

The  new  motor  pays  for  itself  in  five  years. 

While  these  individual  statements  may  each  be  per- 
fectly true,  the  answer  to  the  problem  involves  so  many 
considerations,  other  than  this  simple  arithmetic,  that  a 
proposition  to  retire  and  replace  motors  on  old  cars  de- 
serves more  careful  analysis  than  perhaps  any  other 
project  involving  the  expenditure  of  new  money.  There 
are  many  cases,  however,  where  such  an  analysis  will 
show  that  such  motors  may  be  profitably  replaced  by 
new  motors  of  modern  design. 

In  considering  the  replacing  of  motors  on  a  certain 
class  of  cars  one  question  to  be  considered  is, — what  is 
the  service  capacity,  age  and  condition  of  the  car  body 
and  trucks?  Even  if  the  old  car  is  "good  for  twenty 
years  more"  it  may  be  too  heavy  for  the  seating  capacity 
and  at  the  same  time  not  large  enough  or  suitably 
equipped  for  modern  traffic  requirements.  If  the  cars 
give  promise  of  a  further  useful  life  of  but  four  or  five 
years,  consideration  must  be  given  the  question  of  what 
can  be  done  with  the  new  motors  when  the  old  cars  are 
worn  out. 

Another  point  to  be  considered  is  the  mileage  that 
can  be  gotten  out  of  the  cars  without  sacrificing  economy 
in  operation.  In  the  street  railway  industry,  as  in  the 
central  station  field,  the  shape  of  the  load  curve  controls 
the  relative  importance  of  fixed  and  operating  charges. 
In  the  language  of  the  street  railway  men,  the  peak  load 
is  the  evening  rush  hour,  and  what  corresponds  to  the 
term  load  factor  is  the  average  number  of  cars  in  service 
divided  by  the  maximum. 

It  is  safe  to  assume  that  the  average  road  will  have 
90  to  95  percent  of  all  its  cars  in  service  at  5  P.  M., 
on  special  occasions  such  as  national  holidays,  mu- 
nicipal celebrations  and  baseball  days.  However,  it 
is  probable  that  80  percent  of  the  total  annual  mileage 
could  be  performed  by  60  percent  of  the  number  of  cars 
actually  on  hand.  The  other  40  percent  of  the  cars  stay 
in  the  barns  until  they  are  needed  for  the  rush  hour. 
Obviously  a  given  operating  economy  per  car-mile  ob- 
tainable on  these  reserve  cars  cannot  be  capitalized  at 


the  same  value  as  on  the  cars  which  work  throughout 
the  day. 

A  street  railway  property  of  any  considerable  size 
will  usually  have  several  classes  of  cars,  the  oldest 
dating  back  12  or  15  years  and  other  types  coming 
along  at  intervals  of  two  to  five  years  until  the  new  cars 
are  reached.  The  later  types  are  naturally  better  suited 
for  present-day  traffic,  and  the  aim  of  the  operating  man 
is  to  use  the  new  cars  as  much  and  the  old  cars  as  little 
as  possible.  The  combination  of  an  obsolete  and  inferior 
design,  old  age  (often  supplemented  by  overloading  and 
neglect  in  past  years)  and  low  mileage  sometimes  forces 
up  the  unit  cost  of  maintenance  to  the  distressing  figure 
of  four  or  five  dollars  per  thousand  car-miles. 

Take,  for  example,  the  case  of  a  large  urban  prop- 
erty having  five  principal  types  of  motor  equipments, — 
the  size,  age,  average  mileage  and  maintenance  costs  for 
the  year  1914  being  given  in  Table  I.    The  high  unit  cost 

T.ABLE  I— RESULTS  OF  MOTOR  OPER.\TION 
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sand  miles 

Type  A 

30 

14 

5200 

«5io 

Type  B 

35 

14 

1 1800 

323 

Type  C 

60 

10 

24700 

2.29 

Type  D 

60 

7 

35000 

0.76 

Type  E 

60 

2 

36800 

0.  II 

of  maintaining  the  old  Type  A  motors  offers  an  excel- 
lent opportunity  for  replacement  with  modern  motors, 
but  probably  the  new  motors  would  not  make  these  cars 
suitable  for  any  higher  annual  mileage.  Assuming  30 
cents  per  thousand  miles  for  the  new  motors,  the  appar- 
ent annual  saving  would  be : — 

For  the  replacement  of  the  Type  A  motors,  $4.80  X  S-2  =  $24.96; 
For  the  replacement  of  the  Type  B  motors.  $2.93  X  1 1.8  =  234.60; 
For  the  replacement  of  the  Type  C  motors.  $1.99  X  24.7  =  549-10. 

It  therefore  appears  that  if,  in  future  years,  the  same 
relative  mileage  should  obtain,  other  things  being  equal, 
the  most  favorable  proposition  would  be  the  replace- 
ment of  the  Type  C  motors,  even  though  the  first  cost  of 
the  new  motors  would  be  greater  in  this  case  than  for 
other  new  motors  to  replace  the  smaller  Types  A  or  B 
motors. 

The  mileages  in  Table  I  are  the  average  of  all  motors 
of  each  type  and,  in  the  case  of  the  Type  A  motors,  the 
number  of  motors  upon  which  the  records  are  based 
corresponds  to  approximately  loo  cars.  A  knowledge 
of  the  local  conditions  might  change  the  conclusion  ap- 
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parently  indicated  in  the  preceding  paragraph ;  it  might 
be  that  the  replacement  of  the  Type  A  motors  on  a  part 
of  these  loo  cars  might  enable  a  large  part  of  the  maxi- 
mum possible  maintenance  saving  to  be  realized  with  a 
comparatively  small  investment.  It  might  be  found  that 
25  of  the  100  cars  of  this  class  were  required  for  the 
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FIG.    I — INDIVIDUAL   CAR    MILEAGE   FROM    ONE   WEEk's    RECORD 

75  cars  totaled  63  000  miles. 

20  percent  of  the  cars  made  30.3  percent  of  the  mileage. 

40  percent  of  the  cars  made  53.2  percent  of  the  mileage. 

60  percent  of  the  cars  made  71.0  percent  of  the  mileage. 

80  percent  of  the  cars  made  90.0  percent  of  the  mileage. 

(Cars  making  no  mileage  omitted). 

The  curve  shows  the  unequal  division  of  mileage  existing 
even  among  cars  of  the  same  age  and  class  and  in  the  same 
service.  This  is  unavoidable  because  of  the  variable  nature  of 
railway  traffic.  When  different  classes  of  cars  are  available, 
and  certain  of  these  are  more  economical  than  others,  advan- 
tage can  be  taken  of  this  fact  by  using  the  more  economical 
cars  on  the  runs  of  highest  daily  mileage. 

regular  daily  schedule,  the  other  75  cars  being  used  prin- 
cipally during  the  rush,  hours.  Assume  that  30  of  the 
total  number  of  cars  are  selected  as  having  the  best 
bodies  and  trucks  and  are  equipped  with  new  motors 
(60  of  the  old  motors  being  scrapped),  and  a"^!  average 
of  10  000  or  15000  miles  a  year  obtained  with  the  60 
new  motors  (these  being  double  equipments).  This  re- 
placement would  increase  the  saving  per  year  for  each 
new  motor  from  $24.96  to  $48  or  $72,  respectively. 


FIG.   2 — AN   OBSOLETE  TYPE  OF   MOTOR 

This  motor  weighs  about  2400  lbs.,  and  if  not  overloaded 
can  be  replaced  by  the  1700  lb.  modern  ventilated  motor  shown 
in  Fig.  3. 

The  maintenance  cost  of  any  motor  depends  directly 
on  the  work  it  has  to  perform.  The  most  up-to-date 
types  are  expensive  to  maintain  if  overloaded  in  service. 
Many  of  the  obsolete  types  have  given  satisfactory  re- 
sults where  the  loads  and  schedules  have  not  worked  the 


motors  very  hard.  On  replacement  propositions  the  car 
weights,  the  schedules,  number  of  stops  and  the  oper- 
ating temperatures  of  the  old  motors  should  be  carefully 
studied  and  the  selection  of  a  motor  of  adequate  capacity 
and  suitable  gear  ratio  should  be  made  on  this  basis 
rather  than  from  a  blind  matching  of  ratings  of  the  new 
and  old  motors.  In  some  cases,  by  slightly  increasing 
the  speed,  a  given  route  may  be  operated  with  a  smaller 
number  of  cars  and  crews,  with  a  consequent  saving 
sufificient  to  counterbalance  the  increase  in  power  con- 
sumption. However,  the  old  motors  will  often  be  found 
to  be  geared  for  speeds  higher  than  are  necessary  for 
the  most  efficient  schedules ;  thus,  in  selecting  the  new 
motors,  advantage  should  be  taken  of  this  point,  which 
results  in  further  reduction  in  size  and  cost  of  the  new 
motor  and  in  power  consumption. 

Even  if  the  old  motors  are  none  too  large  in  rating, 
their  replacement  does  not  necessarily  require  that  the 
new  motors  must  have  the  same  nominal  horse-power 
or  weight.  In  fact,  the  tremendously  greater  service  ca- 
pacity (continuous  rating)  per  pound  of  weight,  obtain- 
able with  modern  ventilated  motors,  makes  possible  a 
considerable  operating  economy  through  the  saving  in 
power.     For  equal   service  capacity,   the   weight   of   a 


FIG.    3 — MODERN    LIGHT-WEIGHT,    COMMUTATING-POLE, 
VENTIL.\TED    MOTOR 

modern  ventilated  motor  is  from  60  to  85  percent  of  the 
weight  of  the  old-style  totally-enclosed  motor ;  the  per- 
centage itself  depending  upon  the  commercial  sizes  and 
speeds  available.  If  the  old  motor  weighs  2700  pounds, 
and  is  replaced  by  a  motor  weighing  2000  pounds,  the 
saving  for  a  two-motor  equipment  would  be  1400 
pounds.  At  an  assumed  operating  cost  of  one  cent  per 
pound  for  every  10  000  car-miles,  there  would  result  an 
annual  saving  of  from  $7.30  to  $51.50  per  car  (using 
both  minimum  and  maximum  mileage  figures  from 
Table  I). 

In  case  the  old  motors  arc  used  in  quadruple  equip- 
ments it  is  sometimes  possible  to  replace  them  with 
equipments  of  two  motors  of  a  larger  size,  thus  obtain- 
ing new  motors  at  the  minimum  cost  and  having  mini- 
mum weight,  power  consumption  and  maintenance  (per 
car-mile).  A  replacement  of  this  kind  was  recently 
undertaken  by  a  suburban  road  having  light  grades, 
a  moderate  schedule  and  traffic  which,  while  extremely 
heavy  in  the  summer,  dropped  to  a  very  small  figure 
during  the  winter  months.  The  rolling  stock  consisted 
of  20  cars,  each  equipped  with  four  50  hp  motors.  The 
maintenance  cost  of  these  old  motors  was  excessive,  due 
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partly  to  overheating  in  summer,  and  it  was  assumed 
that  a  replacement  would  involve  four  new  motors  of 
larger  capacity  for  each  car.  It  was  planned  to  place  the 
new  motors  first  on  six  cars  and  on  six  or  ten  additonal 
cars  later,  and  to  use  these  cars  for  the  greatest  possible 
proportion  of  the  total  mileage.  After  investigating  the 
problem,  it  appeared  that  there  was  practically  no  objec- 
tion from  the  operating  standpoint  to  the  use  of  two- 
motor  equipments,  which  gave  a  saving  of  $500  per  car 
in  first  cost.  From  2500  to  3000  pounds  weight  would 
also  be  saved  with  the  two-motor  equipment,  as  com- 
pared with  a  new  four-motor  equipment.  The  weight 
reduction  per  car  compared  to  the  old  four-motor  equip- 
ments amounted  to  5700  pounds. 

If  the  cars  are  used  in  city  service,  with  frequent 
stops,  a  careful  analysis  of  the  replacement  problem 
shows  that  it  is  profitable  to  retire  parts  of  the  old  con- 
trol equipments  as  well  as  the  motors,  so  as  to  obtain  the 
advantages  of  field-control  motors,  as  well  as  to  secure 


FIG.    4 — TM'lLAi.    i.iv.,H  1-U  i.l<jHr    VKNllUATEU    MOTOR 

Showing  ventilating  fans  and  commutating  poles. 

the  benefits  of  their  lower  maintenance  costs  and  the 
greater  reliability  of  the  control  equipment  itself.  In 
addition  to  the  power  saving  obtainable  with  this  type 
of  motor,  the  reduction  in  heating  for  a  given  service 
often  makes  possible  the  use  of  a  field-control  motor 
which  is  smaller  and  lighter  in  weight,  thus  still  further 
increasing  the  power  saving.  The  cumulative  effect  of 
these  factors  makes  a  comparison  of  the  power  con- 
sumption of  the  old  four-motor  equipments  and  the  new 
ventilated  two-motor  field-control  equipments  seem  truly 
startling. 

Recently  a  similar  problem  involved  a  city  car  line 
normally  using  45  cars  which  were  equipped  with  quad- 
ruple 30  hp  motors  of  an  obsolete  type.    It  was  decided 


that  four  motors  per  car  were  necessary  because  trailers 
were  used  during  rush  hours.  Later  it  developed  that 
this  trailer  operation  required  only  four  or  five  cars  of 
this  particular  type  and  therefore  the  main  proposition 
for  replacement  of  the  motors  of  45  cars  need  not 
be  handicapped  by  this  minor  element.  The  operating 
company  considered  two  schemes,  one  the  replace- 
ment with  two  motors  of  the  non-field-control  type, 
the  other  involving  field-control  motors  and  new  con- 
trollers. The  saving  in  weight  amounted  to  3800  pounds 
per  car,  which  would  reduce  the  power  required  by  8.5 
percent  and,  with  a  slightly  lower  speed  gearing  on  the 
two-motor  equipments,  would  effect  a  further  saving  of 
two  percent,  giving  a  total  saving  of  10.5  percent  for  the 
non-field  control  motors.  It  was  further  estimated  that 
the  field-control  motors  would  make  the  total  reduction 
in  power  consumption  amount  to  17.5  percent.  In  this 
particular  instance  the  railway  company  finally,  how- 
ever, accepted  the  non-field-control  proposition  to  avoid 
the  additional  expense  of  replacing  the  controllers. 

In  still  another  case,  involving  a  comparison  of  cars 
of  different  weights  and  where  the  four-motor  non-field- 
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FIG.  5 — SECTION  THROUGH  VENTIL-^TED   MOTOR 

Figs.  4  and  5  illustrate  the  modern  method  of  ventilation, 
which  increases  the  continuous  ratings  of  railway  motors  40 
percent  over  what  can  be  obtained  with  totally  enclosed  motor"!. 

control  motors  were  geared  for  higher  speed  than  neces- 
sary for  the  schedule,  the  saving  due  directly  to  the  new 
type  of  equipment  amounted  to  29  percent  of  the  total 
power  used  by  the  old  quadruple  equipments.  The  sav- 
ing in  weight  of  the  two-motor  equipment  amounted  to 
9.5  percent,  while  the  remaining  19.5  percent  is  credited 
directly  to  the  combined  effect  of  slower  speed  gearing 
and  field-control  motors.  This  probably  represents  the 
maximum  saving  obtainable  without  sacrificing  sched- 
ule speed  and  applies  only  to  city  service  with  frequent 
stops. 

It  is  evident,  therefore,  that  the  replacement  of  obso- 
lete motors  is  well  worth  a  thorough  investigation,  and 
that  the  consideration  of  maintenance  reduction  alone 
does  not  cover  the  full  possibilties  of  obtaining  the  great- 
est return  on  the  investment. 


Maintenance  of  Railway  Equipment 

A  DESCRIPTION  OF  THE  METHODS  IN  USE  AT  THE  REPAIR 

SHOPS  OF  THE  CLEVELAND  RAILWAY  COMPANY 

A.  B.  Coi.n 

SAFETY  and  reliability  of  service  are  among  the  prime  requisites  of  operation  of  an  electric  railway.  They 
depend  on  the  initial  selection  of  reliable  equipment  and  its  proper  inspection  and  maintenance.  The  fact  that 
modern  railway  companies  appreciate  that  much  depends  on  suitable  facilities  and  shop  equipment  for  the 
maintenance  of  railway  apparatus  is  well  illustrated  by  the  careful  attention  which  is  being  paid  to  these 
features  in  the  more  recently  constructed  operating  and  repair  stations,  of  which  the  shops  of  the  Cleveland 
Railway  Company  form  a  typical  example. 


THE  maintenance  of  equipment  of  the  Cleveland 
Railway  Company  comes  imder  the  jurisdiction 
of  its  mechanical  'department.  Practically  all  of 
the  routine  inspection  and  light  or  running  repairs  are 
made  at  fourteen  operating  stations  and  barns  which  are 
scattered  throughout  the  city,  all  cars  being  given  a  light 
inspection  ever} 
three  days.  The 
cars  are  washed 
on  t  h  e  outside 
every  three  or 
four  days  and 
are  thoroughly 
washed  on  the 
inside  every  two 
months,  in  addi- 
tion to  the  usual 
s  w  e  e  ping  and 
dusting  which  is 
done  each  night. 
The  oper- 
ating stations 
are  planned  for 
the  double  pur- 
pose of  serving 
as  running  re- 
pair shops  and 
of  f  u  rn  ishing 
division  h  e  a  d- 
quarters  for  the  convenience  and  welfare  of  the  train- 
men and  the  operating  officials.  The  repair  shops  are 
divided  into  inspection,  car-washing  and  repair  sections 
and  stock  rooms.  The  Superior  Avenue  station  has  a 
somewhat  larger  repair  shop  than  the  others,  as  it  is 
intended  to  be  used  as  a  branch  to  the  Harvard  shops. 
Light  repairs  to  cars  are  made  at  the  operating  stations. 
In  connection  with  each  station  there  is  a  large  outdoor 
loop  yard  for  storing  cars. 

THE  HARVARD  CAR  SHOPS 

The  Harvard  shops  are  located  about  four  miles 
from  the  business  center  of  Cleveland,  at  Harvard  Ave- 
nue and  Forty-ninth  Street,  this  being  approximately  the 
center  of  distribution  of  the  system.  As  shown  in  the 
plan  of  the  shops.  Fig.  2,  about  one-half  of  the  entire 
property  of  40  acres  is  covered  by  shop  buildings.  The 
shops  are  of  sufficient  capacity  that  from  1500  to  1600 


cars  can  be  overhauled  annually.  Track  connection  is 
provided  with  the  Newburgh  &  South  Shore  Railroad, 
which  permits  the  delivery  of  materials  directly  to  the 
shops. 

All  heavy  repairs  are  made  at  the  Harvard  shops, 
including  work  on  motors,  trucks  and  car  bodies.    Each 

car  was  until  re- 
cently given  a 
c  o  mplete  over- 
h  a  n  1  i  n  g  once 
every  e  i  ghteen 
111  (}  n  t  h  s  ,  or 
whenever  it  re- 
([uired  painting. 
At  present,  how- 
ever, cars  are 
being  s  h  opped 
for  general 
overhauling  an- 
nually. In  addi- 
tion to  overhaul- 
ing and  repair- 
ing a  large  num- 
ber of  cars,  new 
types  of  cars  arc 
conii)letely  d  e  - 
signed,  d  e  v  e  1- 
oped  and  built 
at  the  shops  ; — 
before  a  new  type  of  car  is  ordered  in  quantities,  a  sam- 
ple is  first  built  at  the  Harvard  shops  which  is  thor- 
oughly tried  out  in  service.  In  addition  to  this  work, 
large  numbers  of  old  cars  are  completely  reconstructed. 
The  shop  buildings  are  arranged  in  two  rows,  sep- 
arated by  a  transfer  table  pit.  All  shop  tracks,  of  which 
there  are  35  on  one  side  and  36  on  the  other,  are  inter- 
sected by  the  main  transfer  table  pit  except  for  two  at 
the  north  end  and  one  at  the  south  end  of  the  shops. 
This  pit  contains  two  transfer  tables,  one  of  25  tons 
capacity,  for  handling  street  railway  equipment,  and  one 
of  75  tons  capacity,  for  shifting  loaded  cars  of  coal  or 
other  heavy  material  either  to  the  heating  plant  or  to  the 
various  shop  buildings  and  tracks,  each  table  being 
driven  by  a  40  horse-power  motor.  All  tracks  are  built 
of  80  pound  rails  laid  on  wooden  ties,  and  in  order  to 
permit  the  free  movement  of  men  and  equipment  across 
the  tracks  outside  the  building  the  entire  area  is  filled 


USE  OF   PORTABLE  CONTROL  RACK   FOR  RUNNING   TRUCK   OUT    FROM    BENE.«iTH 
THE  CAR  UNDER  ITS  OWN  POWER 
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with  limestone  screenings  up  to  the  rails.  In  addition, 
the  truck  shop  is  served  by  a  25  ton  transfer  table 
used  for  routing  work,  and  a  similar  transfer  table  is 
provided  opposite  the  erecting  shop. 

The  office  of  the  master  mechanic,  vv^hich  is  in  the 
administration  building,  serves  also  as  quarters  for  the 
company's  first  aid  department.  The  scheme  of  admin- 
istration is  shown  in  Fig.  3. 

THE  MOTOR  SHOP 

When  a  car  is  turned  in  for  repairs  and  the  trouble 
cannot  be  located  by  the  usual  inspection  methods,  it  is 
tested  out  by  means  of  a  testing  box  connected  by  tem- 
porary contacts  to  the  controller.     This  test  equipment 


modification  of  the  Wheatstone  bridge.  The  operator 
knows  from  previous  experience  the  normal  resistance 
of  the  various  circuits,  and  by  checking  these  values  is 
able  to  locate  the  faulty  circuit.  This  test  will  locate 
broken  grids,  loose  connections  in  wiring,  short-circuits, 
open  circuits  and  grounds  in  motor  and  car  wiring. 

Removing  Motors  from  Trucks — When  it  becomes 
necessary  to  remove  a  motor  for  repairs,  it  has  been 
customary  to  remove  the  king  pin  and  lift  the  body  by 
means  of  an  overhead  crane.  The  motor  leads  are  then 
disconnected  and  the  truck  pushed  out  from  under  the 
car  by  the  workmen.  This  procedure  is  inconvenient,  as 
it  is  necessary  for  the  men  to  do  considerable  work  under 
the  suspended  car  body.     In  Fig.  i  is  shown  a  method 


FIG.   2 — LAYOUT   OF    HAR\'ARD   SHOPS 

Department  Area 

Truck  shop 29  072  sq.  ft. 

Motor  shop 38  456  sq.  ft. 

Blacksmith  shop 10  221  sq.  ft. 

Paint  shop 54  096  sq.  ft. 

Machine  and  erection  shop 62  928  sq.  ft. 

Wood-working  shop .22  294  sq.  ft. 

Storehouse S  i  078  sq.  ft. 

Total 268  14s  sq.  ft. 


consists  essentially  of  a  set  of  ratio  resistance  coils,  a 
set  of  standard  resistance  coils  arranged  in  convenient 
steps,  a  battery  of  small  cells  to  supply  the  test  current, 
a  sensitive  galvanometer  calibrated  to  read  resistance 
directly,  and  keys  or  switches  to  control  the  circuits. 
These  parts  are  permanently  connected  to  make  up  a 


Department 

Per  Cent  of 

Office 

Total  Area 

MiU  and  Cabinet 

10.7 

Carpenter  shop 

Machine  shop. ,  , 

3.7 

Paint  shop 

Motor  shop 

23. 5 

Truck  shop ... 

8-3 

Blacksmith  shop 

19.4 

Electric  welding  a 

nd  babbitt  room.    .  - 

Miscellaneous... 

of  running  the  trucks  out  from  underneath  the  car 
body,  using  the  motive  power  of  the  motors  on  the 
trucks.  This  is  made  possible  by  the  use  of  a  portable 
control  rack,  on  which  is  mounted  a  controller,  grid 
resistors,  circuit  breakers  and  a  cable  reel  that  carries 
the  cables  leading  to  the  motors.     Connection  is  made 
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from  the  trolley  wire  through  the  portable  control  out- 
fit to  the  motors  by  means  of  a  small  terminal  board  on 
the  end  of  the  cables.  When  a  car  body  clears  the 
trucks  and  the  motor  leads  are  properly  connected  to  the 
terminal  board  of  the  outfit,  the  circuit  breaker  and  con- 
troller handle  are  operated  and  the  motors  run  the  truck 
out  from  under  the  car  without  the  element  of  danger 
to  any  of  the  workmen.  After  the  truck  is  run  out  from 
under  the  car  body,  the  body  is  lowered  onto  blocks 
placed  on  the  floor,  so  that  the  crane  can  be  released  for 
other  duties.  The  motor  suspension  bolts,  axle  caps 
and  gear  case  are  then  removed  and  the  traveling  over- 
head crane  picks  up  the  motor  and  carries  it  to  the  motor 
repair  aisle. 

Where  only  one  motor  is  to  be  repaired  and  it  is  not 
desired  to  remove  the  truck  from  under  the  car  body,  a 
box  frame  motor  may  be  removed  by  the  method  shown 
in  Fig.  4.  A  pit  jack  is  run  under  the  motor,  and  is 
raised  to  support  the  motor  weight.    The  axle  caps,  gear 
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•  FIG.  3 — ADMINISTRATION  LAYOUT 

case,  suspension  bolts  and  the  bolts  from  one  end  of  the 
truck  suspension  bars  are  removed  and  it  then  becomes 
possible  to  swing  the  entire  motor  around  the  axle  and 
lower  it  into  the  pit.  The  pit  jack  is  then  pushed  out 
from  under  the  car  and  the  motor  lifted  by  means  of  the 
overhead  trolley  crane,  as  shown  in  Fig.  5. 

When  it  is  desired  to  remove  an  armature  from  a 
split  frame  motor  without  removing  the  motor  from  the 
truck,  the  motor  frame  bolts  are  removed  to  allow  the 
lower  half  of  the  shell  to  swing  down  and  out  from 
under  the  armature.  The  pit  jack  is  then  run  under 
the  armature  and  raised  to  support  it  while  the  housing 
bolts  in  the  upper  shell  are  removed.  The  armature  is 
then  free  to  be  lowered  into  the  pit  by  means  of  the 
hydraulic  jack  on  the  pit  trucks.  The  armature  can  then 
be  removed  by  the  crane  or  lifted  to  the  floor  level  and 
carried  away  in  a  hand  armature  truck  of  the  type 
shown  in  Fig.  6.    This  type  of  truck  is  used  throughout 


the  shops  wherever  it  is  necessary  to  transfer  armatures. 

To  remove  the  lower  half  of  the  motor  frame  and 
the  armature  as  a  unit  the  pit  jack  supports  the  motor 
weight  while  the  motor  frame  bolts  are  removed,  after 
which  the  motor  shell  with  the  armature  is  lowered 
onto  the  pit  truck.  The  truck  is  then  pushed  along  the 
]Mt  track  until  the  lower  shell  and  armature  can  be 
hoisted  by  the  jib  crane. 

Motor  Repair  Section — After  the  motors  have  been 
removed  from  the  truck  it  is  advisable  to  remove  all  of 
the  dirt  and  grease  before  disassembling.  Grease  or  dirt 
caked  on  the  outside  of  the  motor  frames  can  be  re- 
moved by  scraping  with  flat  knives,  while  loose  dirt  is 


FIG.  4 — THREE   STEPS  IN  THE  REMOVAL  OF  A   BOX   FRAME   MOTOR 
WITHOUT  HOISTING  THE  CAR  OR  REMOVING  THE  TRUCK 

blown  away  by  compressed  air.  By  placing  the  motor 
in  a  sheet  steel  tank  which  is  connected  to  a  vacuum- 
cleaning  system,  while  using  the  air  hose,  as  shown  in 
Fig.  7,  all  loose  dirt  is  carried  away,  the  motor  is  cleaned 
better  and  the  shop  is  kept  free  from  dust. 

Before  overhauling  a  motor  or  changing  its  bear- 
ings, the  pinion  must  be  removed,  The  pinion  is  held  in 
place  by  a  nut,  which  must  first  be  backed  ofif.  To  do 
this  the  armature  is  locked  by  means  of  a  large  pipe 
wrench  over  the  pinion,  as  shown  in  Fig.  8,  and  the  nut 
is  then  forced  off  by  means  of  a  special  four-pronged 
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spanner  wrench.  In  addition  to  being  keyed  and  held 
in  position  by  the  pinion  nut,  the  pinions  when  first 
placed  on  the  armature  shafts  are  driven  very  tightly 
on  the  taper  fit.  This  is  accomplished  by  holding  an  an- 
nealed pinion  against  the  new  one,  which  is  then  driven 
home  on  the  taper  by  means  of  a  heavy  sledge.  Some 
operating  companies  first  heat  the  pinion  in  boiling  water 
before  driving  it  on  the  shaft,  thus  getting  a  certain 
shrink  fit,  in  addition  to  the  driving  fit,  which  insures  a 
good  tight  pinion.  When  a  pinon  is  to  be  removed  it 
requires  some  special  tools  to  start  it  off  the  taper  fit. 
After  the  nut  has  been  backed  off,  one  method  is  to 
use  a  pronged-shaped  wedge  that  is  driven  between  the 
back  of  the  pinion  and  the  motor  housing.  This  method 
tends  to  damage  the  armature-bearing  collar  and  the 
motor  housing,  and  has  been  replaced  by  the  more  mod- 


FIG.  5 — REMOVING   MOTORS   FROM   PIT  .TACK    nv   OVURHEAU  (.'RAXE 

ern  pinion  puller  shown  in  Fig.  8.  This  puller  consists 
of  a  large  forging  hollowed  out  to  slip  over  the  pinion ; 
at  the  open  end  and  on  the  inner  edge  of  this  forging  are 
a  number  of  teeth  one-half  inch  long,  corresponding  to 
the  number  of  teeth  on  the  pinion  to  be  pulled.  In  the 
closed  end  of  this  forging  is  a  heavy  jack  screw,  which 
is  forced  against  the  end  of  the  armature  shaft.  When 
a  pinion  is  to  be  removed  the  toothed  end  of  the  forging 
is  slipped  over  the  pinion,  the  teeth  of  the  puller  mesh- 
ing with  the  teeth  of  the  pinion,  with  a  small  clearance. 
When  pushed  back  in  place  the  forging  is  turned  a  dis- 
tance equal  to  one-half  of  the  circular  pitch  of  the 
pinion  so  that  the  teeth  of  the  forging  line  up  with  the 
teeth  on  the  pinion.  The  jack  screw  is  then  forced 
against  the  end  of  the  shaft  and  pressure  is  exerted  on 
the  pinion  teeth  from  the  rear,  which  forces  off  the 
pinion.  This  scheme  has  the  advantage  of  forcing  off 
the  pinion  without  doing  any  damage  to  the  motor  hous- 
ing or  bearings. 


Removing  the  Armature  from  a  Box  Frame  Motor 
— To  remove  the  armature  of  a  box-type  motor  from 
the  frame  special  tools  are  required,  as  shown  in  Fig.  9. 
The  hand  method  requires  one  short  and  one  long  piece 
of  pipe,  bent  for  convenience,  and  having  pivoted  on  one 
end  two  rings  that  fit  over  the  ends  of  armature  shaft. 
Both  housings  are  removed  and  the  rings  on  the  long 
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l)iece  of  pipe  are  slipped  over  the  commutator  end  of  the 
shaft,  while  the  rings  of  the  short  piece  of  pipe  are 
slipped  over  the  pinion  end  of  the  shaft.  Two  men  on 
the  outer  end  of  each  piece  of  pipe  lift  the  armature, 
slide  it  out  through  the  pinion  end  of  the  frame  and  let 
it  down  on  a  grooved  block.  The  rings  on  the  ends  of 
the  pipes  are  then  slipped  from  the  shaft,  and  the  arma- 
ture can  be  picked  up  by  the  overhead  crane. 

By  the  machine  method  damage  to  the  brushholder 
and  motor  windings  is  less  likely  to  occur.  Also,  as  is 
readily  seen  in  Fig.  10,  it  is  not  necessary  to  remove  the 
commutator  end  housing.     The  pinion  end  housing  is 


FIG.    7 — VACUUM    BOX    FOR    CLEANING    MOTORS 

Covers  temporarily  removed  to  show  motor  in  position, 
removed  and  the  motor  is  set  on  the  carriage ;  the  spe- 
cial lathe  centers  are  entered  in  the  armature  shaft  and 
locked,  thus  supporting  the  armature.  The  carriage  is 
then  shifted  in  the  direction  of  the  commutator  end  of 
the  frame,  the  long  lathe  center  going  through  the  com- 
mutator end  bearing  opening.    In  this  manner  the  frame 
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is  shifted  far  enough  to  clear  the  armature,  when  the 

latter  can  be  hoisted  out  of  place    by  an  overhead  crane. 

Removing   Armature    Bearings — To    remove    worn 

and  defective  bearings,  and  also  to   force  re-babbitted 


FIG.   8 — METHOD   OF   REMOVING   PINION    NUT    (bELOw)    AND 
PINION    (above) 

and  new  bearing  shells  into  place,  a  motor-driven  press 
is  used.  This  operation  requires  from  three  to  five  tons 
pressure,   which   is  necessary   in   order   to  prevent   the 


FIG.   9 — VACUUM    B0,\    FOR   CLEANING  .\RMATURE   CUKES 

bearings  from  becoming  loose  in  the  housings.  Loose 
bearing  shells  should  not  be  used,  as  they  will  soon  strip 
the  key  or  dowel  pin  and  turn  in  the  housing,  thus  inter- 
fering with  the  oiling  system.     If  a  loose  shell  must  be 


used  it  should  be  shimmed ;  i.  e.,  a  thin  shell  or  strip  of 
sheet  iron  should  be  first  placed  around  it  and  then  both 
forced  into  the  housing. 

ARMATURE    ROOM 

The  armature  room,  which  is  located  in  one  end  of 
the  motor  shop,  is  equipped  for  completely  repairing  all 
motor  parts.  When  first  received  in  the  armature  room, 
if  only  a  few  coils  are  to  be  removed  the  armature  is 
thoroughly  blown  out  to  remove  all  loose  particles  of 
dirt.  If  the  armature  is  to  be  entirely  rewound  it  is  not 
blown  out  until  after  all  of  the  old  coils  have  been  re- 
moved from  the  core.  This  cleansing  operation  is  done 
with  a  compressed  air  hose,  the  armature  being  placed 


FIG.    10 — MACHINE    AND    HAND    METHODS    OF    REMOVING    ARMATURE 
FROM    A   BOX   FRAME    MOTOR 

in  a  sheet  steel  case  connected  to  the  vacuum  system, 
which  carries  away  all  the  dirt  and  dust,  as  shown  in 
Fig.  9. 

After  the  armature  core  has  been  thoroughly  cleaned 
out  the  slots  are  re-insulated  with  fish  paper  cells  which 
have  been  rubbed  with  paraffine  to  make  the  coils  slide 
in  place  easily,  the  coils  are  placed  in  the  slots  and  driven 
home  with  a  soft  hammer  or  with  a  piece  of  fiber  placed 
over  the  coil.  If  it  is  found  that  the  coils  are  not  tight 
in  the  slots  additional  strips  of  insulating  material,  such 
as  fuller  board  or  fish  paper,  should  be  placed  at  the 
side  of  the  slots  between  the  laminated  iron  and  the 
paper  cells.  If  the  coils  do  not  fill  the  slots  so  com- 
pletely that  the  top  coil  extends  about  one  thirty-second 
of  an  inch  above  the  top  of  the  core  slot,  filling  pieces  of 
fuller  board  and  fish  paper  are  placed  between  the  top 
and  bottom  coils  to  build  the  coils  up  to  this  height. 
This  is  necessary  in  order  that  the  band  wires  shall  pull 
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down  on  the  coils  rather  than  on  the  core,  thereby  pre- 
venting vibration  of  the  coils.  The  commutator  and  the 
individual  coils  are  then  tested  for  grounds  and  short- 
circuits  by  a  lighting-out  set,  as  shown  in  Fig.  12.  Before 
the  leads  of  the  coils  are  connected  into  the  slots  of  the 
commutator  both  the  slots  and  leads  are  brushed  with  a 
non-acid  flux  (rosin  dissolved  in  alcohol). 

After  the  armature  is  rewound  and  the  leads  have 
been  inserted  into  the  commutator  necks,  these  connec- 
tions are  again  brushed  with  a  non-acid  flux.  The  com- 
mutator neck  is  heated,  where  soldering  is  to  be  done,  by 
a  large  iron  that  is  kept  hot  continuously  by  means  of  an 
air  and  gas  connection,  as  shown  in  Fig.  13.  Half  and 
half  solder  is  used.  Some  manufacturers  and  a  few 
large  operating  companies  use  pure  tin  solder  for  this 
work,  which  i^  more  difficult  to  handle,  but  gives  better 
results  in  ser\  i -e,  as  the  melting  point  of  jnire  tin  i.-; 
about  3J  p'^--      :t  above  that  of  half  and  half  solder. 

A  ve  (  ;-'ant  factor  in  connection  with  this  worK 

is  to  have  i.i',  iron  well  tinned.     This  is  done  bv  filing 


FIG.    II — REWINDING    .\N    .\RMATURE 

the  surface  and  dipping  it  while  hot  in  a  tinning  solution 
of  zinc  chloride,  made  by  dissolving  zinc  in  muriatic 
acid. 

Commutators  which  have  been  repaired  are  tested 
for  grounds  and  short-circuits  by  the  lighting-out  cir- 
cuit, shown  in  Fig.  12,  before  they  are  replaced  on  the 
armature  spider  or  shaft.  After  they  have  been  re- 
placed and  before  the  leads  are  placed  in  the  com- 
mutator necks  they  are  again  tested,  and  they  are  also 
tested  after  the  leads  have  been  connected  to  the  com- 
mutator and  before  soldering. 

Banding  Armatures — After  being  soldered  the  arm- 
ature is  banded,  as  shown  in  Fig.  14.  The  lathe  is  driven 
by  an  adjustable-speed  motor,  thus  getting  a  wide  range 
of  speed  for  banding.  The  banding  wire,  which  is  a 
high-grade  steel  piano  wire.  No.  16  gauge,  is  carried  on 
a  reel  on  the  same  carriage  that  holds  the  tension  ad- 
juster. The  wire  from  the  reel  is  run  through  the  ten- 
sion  adjuster,   which   consists   of    a   number   of    small 


wheels  or  pulleys  held  between  two  adjustable  plates 
which  regulate  the  pressure  on  the  pulleys.  The  pres- 
sure used  in  banding  is  approximately  400  pounds  and 
is  under  the  control  of  the  bander. 

Strips  of  tin  or  copper  about  three-eighths  inch  wide 
and  approximately  0.02  inch  thick  are  placed  under  each 


FIG.    12 — TESTING   A   COMMUTATOR   AND    A    REWOUND   ARMATURE 
WITH   A   LIGHTING-OUT  CIRCUIT 

This  consists  of  a  lamp  across  a  no  volt  line,  with  a  pair  of 
hand  terminals  in  the  circuit.  If  parts  of  the  apparatus  on 
wliich  the  separate  terminals  are  placed  are  electrically  con- 
nected the  lamp  lights  up. 

band  about  two  inches  apart  and  used  as  clips  to  hold 
the  band  together.  Under  the  core  bands  it  is  advisable 
to  run  a  strip  of  tin  circumferentially.  This  strip  of 
tin  replaces  the  strip  of  insulation  usually  put  under  the 
bands,  as  experience  has  shown  that  this  strip  of  insula- 
tion is  liable  to  dry  out  in  service  and  allow  the  bands 
to  become  loose. 

After  all  bands  are  in  place  they  are  soldered,  using 
preferably  a  pure  tin  solder.     It  is  very  important  to 


FIG.    13 — SOLDERING   THE   ARMATURE    LEADS    INTO    THE   COMMUTATOR 

keep  the  bands  on  the  armatures  tight,  and  if  any  of  the 
bands  of  an  armature  show  signs  of  being  loose  all  old 
bands  should  be  removed  and  the  armature  entirely  re- 
banded.  This  is  good  practice  from  a  safety-first  stand- 
point, as  loose  bands  mean  loose  coils,  thus  allowing 
movement  of   coils   in   the   slots,   which   rapidly   wears 
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away  the  insulation  and  results  in  premature  grounds 
and  short-circuits. 

Slotting  the  Commutator — After  being  banded,  the 
armatures  are  carried  to  a  special  lathe  located  in  the 
armature  room  convenient  to  the  banding  lathe,  Fig.  15. 
This  lathe  is  fitted  with  a  motor-driven  saw  that  cuts 
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ilG.     14 — BANUlNo    THE    AKMATUKK 

the  mica  three  sixty-fourths  of  an  inch  below  the  sur- 
face of  the  commutator.  As  it  is  important  that  all  of 
the  mica  be  cut  away  between  the  segments  by  this  oper- 
ation, this  saw  should  be  about  o.oio  inch  wider  than 
the  thickness  of  the  mica.  If  the  saw  does  not  cut  away 
all  of  the  mica  it  becomes  necessary  to  clear  the  grooves 
of  all  remaining  particles  of  mica  by  means  of  a  small 
hand  saw,  made  from  a  piece  of  hack  saw  blade  about 
five  inches  long  set  in  a  block  of  wood.  A  clean  slotted 
commutator  is  essential  to  prevent  low  bars  and  flat 
spots.  It  lengthens  the  life  of  the  commutator  and 
greatly  improves  commutation. 

Armature    Testing — Completed    armatures    are    re- 
moved to  a  special  table  in  the  test  room  adjacent  to  the 


HG.    15 — bLolU.NG    IHi    LiJMMLl  "kTOR 

armature  room.  This  table  has  mounted  on  it  a  support 
for  the  armature  and  a  pair  of  carbons  which  are 
pressed  by  springs  against  the  commutator  90  degrees 
apart,  regardless  of  the  size  of  the  commutator.  Alter- 
nating current  from  a  no  volt,  60  cycle  circuit  is  passed 
through  the  armature  from  these  brushes.     The  wind- 


ing is  then  explored  one  coil  at  a  time  by  holding  the 
hand  terminals  of  a  voltmeter  on  adjacent  commutator 
bars,  as  shown  in  Fig.  16.  The  movement  of  the  volt- 
meter needle  indicates  the  condition  of  the  coil  con- 
nected to  the  commutator  bars  on  which  the  exploring 
terminals  are  placed.  If  the  coil  is  in  good  condition  a 
certain  deflection  is  obtained,  depending  upon  the  num- 
ber of  turns  in  the  coil.  An  excessive  voltage  indicates 
that  the  coil  circuit  is  open.  If  no  voltage  is  indicated, 
the  coil  is  short-circuited,  while  a  reversed  reading  indi- 
cates a  reversed  connection  of  the  coils. 

An  armature  which  has  passed  the  test  table  is  then 
tested  for  insulation  to  ground  by  placing  one  terminal 
of  a  test  box  on  the  shaft  and  the  other  on  the  com- 
mutator, as  shown  in  Fig.   16.     This  test  box  has  two 


1  IG.    10 — TESTING    THE   REWOUND   ARMATURE    FOR    GROUNDS,    SHORT- 
CIRCUITS  AND  OPEN  CIRCUITS 

dials,  one  giving  a  total  voltage  of  2000  volts  in  steps 
of  200,  and  the  second  having  a  total  of  4000  volts  in 
steps  of  200,  so  that  there  is  available  a  maximum  of 
6000  volts.  A  standard  test  of  1600  volts  for  one  min- 
ute is  given  on  600  volt  armatures  that  have  been 
entirely  rewound  with  new  coils.  An  old  armature 
which  has  been  repaired  by  replacing  a  few  coils  is 
tested  with  J200  volts  for  one  minute. 

Field  Coils  also  are  repaired  in  the  armature  room. 
The  damaged  insulation  is  cut  away  from  the  coils  and 
new  insulation  of  treated  linen  tape,  with  a  protective 
winding  of  cotton  tape,  is  wrapped  on  the  coil,  as  shown 
in  Fig.  17.    After  the  repairs  are  completed  the  coil  is 
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placed  over  the  poles  of  a  special  testing  transfoniier, 
as  shown  in  Fig.  17,  and  alternating  current  is  passed 
through  the  primary  coil  mounted  under  the  table.  The 
ends  of  the  coil  being  tested  are  left  open,  and  if  the 
coil  is  in  good  condition  a  certain  definite  reading  is 
obtained  on  a  wattmeter  connected  in  the  primary  cir- 
cuit. If  the  wattmeter  reading  is  materially  greater 
than  this  normal  reading,  the  coil  being  tested  is  short- 
circuited.  To  test  for  an  open  circuit,  the  ends  of  the 
coil  are  fastened  together.  An  increased  reading  of  the 
wattmeter,  depending  in  amount  on  the  number  of  turns 
and  size  of  wire  in  the  coil  being  tested,  indicates  that  a 
complete  circuit  exists  through  the  coil.  If  there  is  no 
increase  in  the  wattmeter  reading  the  coil  circuit  is  open. 
Dipping  and  Baking — In  the  armature  room  is  lo- 
cated the  dipping  and  baking  room.  Fig.  18,  enclosed  in 
tile  walls.  Here  repaired  or  rewound  field  and  arma- 
ture coils,  and  also  completely   wound   armatures,   are 


as  shown  in  Fig.  I,  and  the  trucks  run  out.  If  no  part  of 
the  truck  requires  repairing  except  the  wheels  or  axles, 
the  wheels  may  be  changed  without  removing  the  truck 
or  lifting  the  car  body,  by  using  a  special  wheel  pit  jack. 
As  shown  in  Fig.  19,  a  section  of  the  track  carrying  the 


FIG.    18 — THE   DIPPING    AND    B.\K1NG    ROO.MS 

wheels  is  let  down  to  the  pit  floor  level  and  the  wheels 
are  rolled  out  of  place  on  the  pit  track.  This  jack  is 
pneumatically  operated  by  means  of  levers  located  on 
the  floor  of  the  pit.  New  wheels  and  axles  are  then 
put  in  place  in  the  same  manner.  The  pits  have  special 
receding  supporting  posts  arranged  so  that  they  will  not 
interfere  with  the  passage  of  wheels  on  axles  on  the 
pit  tracks. 

ERECTING    SHOP 

The  erecting  shop  is  the  largest  building  in  the  group 
and  is  divided  into  three  rooms,  one  for  taking  care  of 


FIG.    17 — REP.MRINO   AND    TESTING   A    FllJ  . 

dipped  in  an  insulating  and  heat-resisting  varnish,  after 
which  they  are  baked  by  steam  heat  at  a  temperature  of 
approximately  120  degrees  C.  This  treatment  is  a  big 
factor  in  insuring  these  parts  against  breakdowns  and 
grounds  due  to  moisture  or  lightning,  and  practically 
doubles  the  average  life  of  the  parts  in  service.  Impreg- 
nating the  completed  armatures  also  tends  to  prevent 
breakage  from  vibration.  After  an  armature  has  been 
thus  impregnated  it  is  more  difficult  to  repair  but,  on  the 
other  hand,  is  much  more  liable  not  to  need  repairing. 

TRUCK    SHOP 

The  truck  shop  is  located  opposite  the  motor  shop  and 
all  repairs  on  trucks  are  made  in  this  department.  Cars 
sent  in  for  repairs  are  usually  sent  to  this  shop  first.  The 
car  body  is  lifted  clear  of  the  trucks  by  an  electric  crane. 


FIG.    19 — WHEEI,   PIT   JACK 

For  removing  wheels  from  truck  without  lifting  car  body, 
light  body  repairs  which  cannot  be  done  at  the  operating 
stations,  one  for  general  overhauling  purposes,  and  the 
third  housing  the  machine  shop.     The  light  repair  sec- 
tion contains  six  tracks  spaced  16  feet  from  center  to 
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center,  two  of  them  being  constructed  with  inspection 
and  repair  pits  extending  the  full  length  of  the  building. 
The  erecting  shop  proper  contains  seven  tracks  extend- 
ing through  the  building,  all  of  the  tracks  in  both  de- 
partments being  served  by  the  transfer  table.  Six  of 
these  tracks  are  set  on  i6  foot  centers,  and  the  seventh 
passes  through  the  center  of  a  51  foot  aisle,  which  has 
been  set  aside  for  the  storage,  cleaning  and  repairing 
of  sashes,  doors  and  seats.  Enclosed  in  brick  partition 
walls  at  one  end  of  this  space  is  the  varnish  remover 
room.  The  floors  in  the  general  overhauling  sections  of 
the  shop  are  of  concrete,  with  a  sidewalk  finish  of  ce- 
ment, while  those  in  the  storage  and  repair  depart- 
ments are  of  creosoted  wood  block,  which  was  employed 


and  off  and  axles  are  straightened.  The  heavy  machine 
tools,  embracing  the  wheel  lathes,  presses,  milling  ma- 
chines and  boring  mills  occupy  space  on  each  side  of  the 
single  track  entering  the  shop.  The  machine  tools  for 
handling  the  lighter  work  are  located  in  a  15.5  foot  wide 
balcony,  which  occupies  one  side  and  end  of  the  ma- 
chine shop. 

The  machine  shop  illustrates  specifically  the  type  of 
motor  drive  which  is  common  throughout  the  entire 
Harvard  shops,  viz.,  the  motors  are  mounted  either  on 
or  adjacent  to  the  driven  machine,  and  complete  auto- 
matic control  panels,  which  are  operated  entirely  from 
push  buttons  located  on  the  machines  convenient  to  the 
operators,  are  located  in  the  cellar  below,  as  shown  in 
Figs.  20  and  21.  In  this  way  maximum  convenience  is 
secured  for  the  operator  and  no  valuable  floor  space  is 
taken  up  by  this  apparatus.  The  installation  of  a  com- 
plete motor-driven  shop  was  found  very  advantageous, 
in  that  each  machine  is  rendered  independent  and  can 


FIG.   20— A  42  INCH    WHEEL  LATHE 

Driven  by  a  40  hp,  525-1050  r.p.m.  commutating-pole  motor, 
with  a  7.5  hp,  1 150  r.p.m.  motor  for  the  feed.  Its  operation  is 
controlled  by  a  pushbutton  station  on  the  machine,  the  auto- 
matic starting  panel  being  in  the  basement. 

because  a  resilient  floor  was  desired  and  because 
asphaltum  would  not  stand  up  under  tlic  rough  usage 
common  to  this  kind  of  work. 

Tlie  Machine  Shop  is  completely  equipped  to  take 
care  of  all  machine  work  which  is  necessary  in  the  repair 
of  cars  and  the  construction  of  new  types.  A  single  track 
passes  down  the  center  of  this  shop  from  the  transfer 
table.  On  the  main  floor  all  the  heavy  machine  work 
on  car  parts  is  done,  commutators,  trolley  wheels,  car 
wheels  and  axles  are  turned,  car  wheels  are  pressed  on 


FIG.  21 — A  ROW   OF   ENGINE  LATHES   IN   THE   MACHINE   SHOP 

The  controllers  for  these  lathes  are  mounted  beneath  them 
in  the  basement  and  are  operated  by  pushbuttons  on  the  re- 
s[iective  machines. 

be  placed  wherever  desired.  In  general,  this  means 
that  the  machines  can  be  so  located  that  materials  and 
work  can  pass  through  the  shop  with  less  time  and 
handling ;  floor  space  can  be  used  to  the  best  advantage ; 
and  trouble  at  one  machine  does  not  necessitate  shut- 
ting down  any  others.  The  automatic  control  and  push- 
button system  afifords  a  considerable  saving  of  time  and 
labor  to  the  operator;  and  a  greatly  increased  speed 
range,  as  compared  with  the  limited  number  of  steps 
obtainable  by  change-speed  gears,  means  that  each  ma- 
chine can  be  pushed  to  the  economical  limit  of  the  par- 
ticular job,  instead  of  having  to  work  at  the  next  lower 
limit  as  determined  by  the  gear  ratios. 

In  one  corner  of  the  machine  shop  is  located  the 
wheel  and  axle  department,  where  the  wheels  are 
overhauled  before  being  sent  to  the  truck  department. 
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Two  wheel  presses  are  provided,  one  for  removing 
wheels  and  gears,  Fig.  22,  while  the  other  is  used  to 
push  on  new  or  turned  wheels.  The  wheels  and  gears 
are  pressed  on  under  40  tons  pressure,  while  approxi- 
mately 60  tons  are  required  to  remove  them.  No  keys 
are  used,  as  the  friction  produced  by  the  heavy  pressure 


FIG.   22 — MACHINE  FOR   PRESSING   CAR    WHEELS   Oil"   OR 
ONTO  THE  AXLES 

is  depended  upon  to  hold  the  wheels  secure.  A  vertical 
boring  mill  is  used  to  turn  the  gear  and  wheel  centers  to 
the  proper  dimensions,  0.006  inch  being  allowed  for 
press  fit. 

Wheels  which  are  worn  too  far  to  be  operated  safely 
are  turned  down  on  a  wheel  lathe,  as  shown  in  Fig.  20, 
This  lathe  is  placed  in  a  pit  so  that  the  wheels  can  be 
rolled  from  the  floor  into  the  lathe  and  the  work  set  up 
without  the  use  of  a  crane.  These  worn  wheels  are  not 
reduced  to  any  standard  diameter,  but  are  machined  in 
pairs  to  as  large  a  diameter  as  possible,  depending  upon 
the  metal  which  must  be  removed  to  true  up  the  tread 
and  to  get  the  proper  flange  shape.  A  new  wheel  of  the 
roll-steel  type  will  be  reduced  about  one  and  three- 
eighths  inches  on  a  side,  or  a  total  of  two  and  three- 
fourths  inches  in  diameter,  before  being  condemned  to 


by  a  crank  geared  to  one  of  the  sets.  While  the  axle  is 
being  rotated  by  one  workman  a  piece  of  chalk  is  lightly 
held  against  it  at  the  journal.  If  any  deflection  is  no- 
ticed, pressure  is  applied  to  the  high  side  of  the  axle  by 
a  plunger  operated  by  a  jack,  which  is  mounted  on  a 
carriage  traveling  along  the  length  of  the  axle,  as  shown 
in  Fig.  23.  In  this  manner  both  ends  of  the  axle  are 
tested  and  made  to  run  true  before  being  put  back  in 
service. 

In  addition  to  being  used  for  the  control  panels,  the 
liasement  serves  as  a  convenient  storage  for  car  wheels 
and  for  lathe  turnings,  which  are  thereby  protected  from 
the  weather.  They  are  handled  by  means  of  the  over- 
head crane  through  a  trap  door  in  the  floor. 

Car  Straightener — With  the  extensive  use  of  steel 
cars  came  the  problem  of  keeping  them  in  proper  shape 
and  alignment,  since  they  are  always  exposed  to  colli- 
sions from  other  cars  and  I'ehicle  traffic.  At  the  Har- 
vard shops  is  found  a  very  clever  device,  known  as  a  car 
straightener,  Fig.  24.  A  steel  car  that  has  been  thrown 
out  of  alignment  is  placed  in  this  device  and  by  means 
of  jacks  placed  at  desired  points  is  brought  back  into 


FIG.  23 — AXLE  STRAIGHTENER 

the  scrap  heap.  This  allows  an  average  of  three  turn- 
ings, and  the  wheels  will  average  about  90000  miles 
service. 

After  the  gears  and  wheels  have  been  pressed  ofif, 
the  car  axles  are  tested  to  determine  if  they  are  straight 
by  being  placed  on  two  sets  of  rollers  and  then  revolved 


FIG.   24 — CAR    STRAIGHTENER 

alignment.    When  not  in  use  the  large  jaws  swing  back 
onto  the  shop  floor  out  of  the  way. 

FORGE    SHOP 

The  forge  shop  is  equipped  to  do  all  the  blacksmith 
and  forge  work  required  in  the  maintenance  of  cars  and 
the  manufacture  of  new  ones,  such  as  heav)'  forgings, 
repairing  fenders,  bending  pipes  and  car  shapes,  includ- 
ing arc-welding  repairs  and  babbitting  bearings.  Among 
the  interesting  equipment  is  a  motor-driven  bulldozer 
equipped  with  a  special  device  for  bending  pipe  and 
rods.  This  device  was  designed  by  the  foreman,  who 
claims  that  enough  pipe  can  be  bent  in  one  day  for  the 
airbrake  equipment  of  50  cars. 

Another  interesting  application  is  the  motor-driven 
800  pound  power  hammer  shown  in  Fig.  25.  Among 
other  tools,  this  hammer  is  equipped  with  a  special 
form  for  truing  up  bumper  irons  for  cars,  which  often 
get  badly  bent  in  wrecks.  The  iron  is  heated  and  is 
quickly  hammered  into  proper  shape  between  the  two 
parts  of  this  form  in  the  hammer. 
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Arc  Welding — In  one  corner  of  the  forge  shop  is 
located  the  arc  welding  department,  separated  from  the 
main  room  by  a  partition  wall  about  eight  feet  high  ;  one 
end  is  left  open  and  is  separated  from  the  main  room 
by  an  asbestos  curtain  mounted  on  a  large  roller.  In  this 
room  repairs  are  made  on  truck  frames,  motor  cases  and 
housings,  gear  cases  and  various  detail  parts  of  the 
equipment  by  both  the  carbon  electrode  and  metal 
electrode  methods.* 

Dipping  Fenders — The  painting  of  fenders,  which 
usually  requires  considerable  time  to  accomplish  with 
a  brush  or  a  spray  pot,  is  economically  and  thoroughly 
accomplished  by  a  dipping  outfit.  This  outfit  is  located 
in  one  corner  of  the  forge  shop  handy  to  where  the 
fenders  are  reconstructed.  When  ready  for  final  paint- 
ing the  fenders  are  placed  on  hooks  suspended  from  an 
air  hoist  over  a  tank  set  in  the  ground.     This  tank  is 


FIG.  25 — .\x  800  pouxD  i;i,ECTRic.\i.i.v-i)Ri\  i;n  power  hammer 
arranged  to  receive  an  entire  fender,  and  contains  water 
with  about  six  inches  of  black  paint  on  the  top.  The 
fenders  are  then  dipped  in  the  tank  by  means  of  the  air 
hoist  and  hung  on  a  carriage  mounted  on  an  overhead 
rail  that  will  hold  five  fenders.  After  the  excess  paint 
has  drained  off  the  dipped  fenders  the  carriage  with  its 
five  fenders  is  pushed  along  the  overhead  rail  into  an  en- 
closed drying  compartment,  where  they  are  air  dried  for 
at  least  six  hours. 

The  Bearing  Department,  where  all  bearings  are  re- 
babbitted,  is  located  in  one  corner  of  the  forge  shop,  sep- 
arated from  the  main  room  by  a  brick  wall  about  eight 
feet  high.  One  metal — a  high-grade  tin  base  alloy — is 
used  in  pouring  all  bearings.     Old  bearings  sent  into 


this  department  to  be  recast  are  taken  as  they  are  re- 
ceived, covered  with  oil  and  grease,  and  placed  in  one 
of  the  melting  pots  used  exclusively  for  this  work. 
When  the  old  metal  is  burned  off  of  the  old  shells  they 
are  removed  from  the  pot,  cleaned  off  and  set  aside  to 
cool,  after  which  they  are  ready  to  be  babbitted.     The 
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FIG.    26 — A   CORNER   OF   THE  BABBITTING    ROOM 

reclaimed  metal  from  the  old  bearings  is  then  poured 
into  pigs,  which  are  remelted  with  the  bars  of  new  metal 
for  rebabbitting  shells. 

Metal  moulds  are  used  in  connection  with  rebabbit- 
ting of  the  bearing  shells,  a  set  of  moulds  being  avail- 
able for  all  different  types  of  shells.  The  mandrels 
for  making  the  journal  fit  are  given  a  slight  taper,  so 
that  they  can  be  forced  out  readily  when  the  metal  has 
hardened. 

The  pots  from  which  the  metal  is  poured  are  heated 
by  a  gas  flame.  The  temperature  of  the  metal  is  deter- 
mined by  the  judgment  of  the  workmen,  who  by  experi- 


*See  articles  by  Mr.  E.  S.  Zuck  on  "Arc  Welding"  in  the 
Journal  for  January,  1914,  p.  37,  and  October,  1914,  p.  565. 


FIG.   27 — A  GENERAL   VIEW   OF   THE   PAINT    SHOP 

Showing  adjustable  scaffolding  for  painting  cars. 

ence  in  noting  the  flow  and  structure  of  the  metal  as  it 
congeals  know  whether  its  temperature  is  just  right. 
Some  manufacturers  use  a  thermocouple  to  regulate  the 
temperature  of  the  metal,  which  is  considered  more  reli- 
able and  will  more  likely  tend  to  produce  uniform  results 
in  the  rebabbitted  bearings.    The  metal  is  poured  through 


502 


THE   ELECTRIC   JOURNAL 


a  long  spout  that  takes  it  from  under  the  top  of  the  fluid 
metal)  thus  always  insuring  clean  babbitt,  free  from  the 
oxides  and  dirt  that  form  on  the  top  of  the  molten  alloy. 
For  convenience  in  handling,  the  pot  is  hinged  and 
travels  on  an  overhead  trolley  rail  so  that  it  can  be  pulled 
out  from  under  the  gas  flame  to  where  the  mould  has 


WG.  28 — THE  PAINT    MIXING   KOU.M 

been  assembled  ready  to  receive  the  hot  metal,  as  shown 
in  Fig.  26.  The  pot  is  then  tilted  forward  by  means  of 
the  handle  until  the  hot  metal  runs  out  of  the  spout  into 
the  mould,  and  the  door  at  the  front  of  the  gas  flame  is 
raised  by  means  of  a  foot  lever  located  under  the  bench, 
so  that  the  gas  flame  and  pot  are  protected  from  sur- 
rounding air  currents. 

After  being  poured  the  bearing  is  slid  along  on  the 
metal  bench  under  an  air-operated  plunger  that  pushes 
out  the  mandrel.  The  mould  is  then  knocked  down  and 
the  rebabbittcd  shell  taken  to  a  finisher,  who  trims 
oflf  the  ragged  edges  from  the  bearings,  after  which  the 
bearings  are  put  in  stock  ready  to  be  requisitioned  by  the 
motor  department. 

PAINT   SHOP 

The  paint  shop  is  divided  into  three  sections,  two  for 
use  in  painting  cars  and  a  third  for  washing  the  cars. 
Six  tracks  on  16  foot  centers  pass  through  each  of  the 
two  paint  shop  sections  and  two  through  the  washroom. 
The  paint  shop  proper  is  arranged  something  like  the 
erecting  shop,  having  an  area  embracing  six  tracks  on 
each  side  of  a  50  foot  aisle,  where  miscellaneous  parts, 
such  as  signs  and  sashes,  are  cleaned  and  painted.  One 
end  of  this  aisle  is  occupied  by  a  paint-mixing  room, 
shown  in  Fig.  28,  which  is  enclosed  in  brick  firewalls, 
and  there  is  also  a  small  storeroom  and  office  at  the  end. 
Concrete  floors  have  been  provided  throughout  the  paint 
shop,  and  these,  like  the  firewall  and  metal-clad  doors 
between  the  two  paint  shop  sections,  eflfect  a  reduction 
in  the  insurance  rate.  Although  the  buildings  are  built 
exclusively  of  concrete,  steel  and  brick,  sprinkler  sys- 
tems are  provided  in  all  the  shop  buildings. 

In  the  paint  shop  there  are  two  window-washing 
machines.  These  are  rectangular  in  section  and  are  pro- 
vided with  a  pivoted  wooden  platform  in  the  center. 
Sashes  and  also  car  signs  are  laid  on  this  platform,  and 
a  goose-neck  shower  fixture,  extending  from  a  pipe  con- 


nection, serves  to  spray  hot  water  over  them.  As  sashes 
are  taken  from  each  car  they  are  kept  in  steel  racks,  so 
that  when  they  are  to  be  replaced  no  trouble  is  experi- 
enced due  to  getting  them  in  the  wrong  car. 

In  the  washroom,  which  is  essentially  a  part  of  the 
paint  shop,  is  located  a  machine  for  scrubbing  car  seats, 
Fig.  29.  The  rattan  seats  and  backs  are  removed  from 
the  car  and  placed  on  this  machine  against  revolving 
brushes  where,  with  the  assistance  of  a  good  supply  of 
water,  the  seats  are  cleaned. 

WOOD-WORKING   SHOP 

The  wood-working  shop  is  divided  into  a  mill  room 
and  a  cabinet  shop,  a  small  tool  room  enclosed  in  a  sheet 
steel  and  wire  mesh  partition  occupying  one  corner  of 
the  mill  room.  A  gallery  extending  approximately  the 
full  width  of  the  mill  room  serves  for  the  employees' 
locker  room  and  lunch  room.  One  end  of  this  gallery 
is  occupied  by  the  templet  room,  and  adjoining  it  is  the 
space  provided  for  the  indirect  radiation  auxiliary  heat- 
ing system. 

A  single  track  enters  the  wood-working  shop  from 
the  transfer  table  beside  it.  The  center  of  this  track  is 
parallel  to  the  mill-room  partition  separating  it  from 
the  cabinet  shop.  A  32  foot  aisle  between  this  track  and 
the  building  wall  is  used  for  storage  of  lumber. 

The  equipment  in  the  cabinet  shop  consists  princi- 
pally of  benches  and  facilities  for  gluing  and  finishing 
cabinet  work.  By  separating  the  cabinet  from  the  mill 
room,  it  is  kept  free  from  the  dust  and  dirt  incidental 
to  the  use  of  wood-working  machinery. 

All  wood-working  machine  tools  are  driven  by 
motors  in  the  basement  below  the  mill  room,  where  also 
arc  installed  the  conduit  carrying  the  power  circuits  to 
the  various  tools,  the  main  and  return  pipes  in  the  heat- 
ing system  and  the  shaving  and  refuse  exhaust  system. 


no.  29 — SE.\T  WASHER 

To  minimize  accidents  the  management  has,  wher- 
ever possible,  covered  all  moving  parts,  such  as  gears, 
pinions,  pulleys,  belts,  etc.,  with  either  sheet  iron  or 
wooden  housings.  Since  it  is  not  advisable  to  box  in 
motors  on  account  of  overheating  them,  also  to  ecrno- 
mize  space  and  to  obtain   a   more  efficient   drive,   the 
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motors  in  most  cases  have  been  mounted  on  concrete 
pillars  in  the  basement,  and  beside  each  motor  is  placed 
its  automatic  control  panel.  This  location  of  motors 
eliminates  all  line  shafting.  To  start  a  machine  the 
workman  merely  presses  a  button.  To  stop  it  he  presses 
another  button. 

In  the  basement  is  also  installed  a  blower  belted  to  a 
40  horse-power,  550  r.p.m.  motor.  Pipes  from  this 
blower  extend  to  the  saws,  planers,  mortising  machines 
and  all  other  wood-working  machines  on  the  floor  above. 
Also  pipes  extend  to  numerous  floor  sweeps,  or  holes  in 
the  floor,  located  near  the  various  machines  and  work 
benches.  To  clean  away  the  shavings  and  sawdust 
from  the  floor  near  his  machine  or  workbench,  the  work- 
man merely  has  to  remove  a  cover  from  one  of  these 
floor-sweeps  and  shovel  the  shavings  and  refuse  into  it. 


All  this  refuse  is  drawn  into  the  boiler  room,  where  it 
is  fed  into  one  of  the  boilers.  The  refuse  is  sufficient  to 
heat  all  of  the  hot  water  and  steam  needed  during  the 
summer  months.  The  larger  pieces  of  refuse  wood  are 
turned  into  rounds  and  handles  when  possible,  while 
pieces  not  suitable  for  this  are  cut  up  on  a  36  inch  band 
saw  and  stored  away  in  the  basement  for  use  in  starting 
fires  in  cars  during  the  winter  months. 

For  the  heating  of  this  building  a  hot-air  blower 
belted  to  a  7.5  horse-pow-er,  1850  r.p.m.  motor  is  in- 
stalled. This  draws  fresh  air  from  the  outside  over 
steam-heated  grates  and  forces  it  into  the  room.  This 
system  distributes  heat  uniformly  and  creates  a  good 
circulation  of  air  currents  throughout  the  room.  During 
the  hot  months  the  steam  can  be  shut  off  and  the  same 
system  used  to  cool  the  building. 


Some  Points  on  Car  Wiring 

W.  H.  Smith 

Railway  Engineering  Dept., 

Westinghouse  Electric  &  Mfg.  Company 


THE  wiring  of  a  car  with  control  and  power  circuits 
is  a  feature  of  the  equipment  that  necessitates 
careful  consideration,  as  it  is  a  factor  on  which 
the  reliability  of  car  operation  will  greatly  depend.  Of 
course,  permanence  of  insulation  is  one  of  the  funda- 
mentals on  which  the  success  or  failure  of  any  equip- 
ment depends.  A  failure  in  service  usually  reflects  on 
the  manufacturer  of  the  electrical  equipment,  whether  it 
was  due  to  a  short-circuit  or  a  ground  in  the  wiring  or 
to  some  piece  of  the  apparatus.  Therefore  it  is  essential 
for  the  installing  engineer  to  keep  this  in  mind  and  make 
a  study  of  the  details  of  car  wiring  and  see  that  the  best 
types  of  construction  are  carried  out,  thus  minimizing 
this  possibility  of  failure. 

After  the  motors,  the  control  is  one  of  the  most  im- 
portant parts  of  a  car  since,  for  successful  operation,  the 
switches  must  be  closed  and  opened  according  to  some 
predetermined  sequence.  It  must  stand  all  weather  con- 
ditions, shocks  and  vibrations  encountered  in  rough 
service. 

HANGING  THE  APPARATUS 

The  control  apparatus,  air  cylinders  and  brake  rig- 
ging should  be  placed  so  that  the  weight  is  approxi- 
mately evenly  distributed  on  the  two  sides  of  the  car. 
Consider,  for  example,  two  pieces  of  apparatus  weigh- 
ing 100  and  200  pounds,  respectively.  If  the  one  weigh- 
ing 100  pounds  is  placed  two  feet  from  the  center  line 
of  the  car  then  the  other  should  be  placed  one  foot  from 
the  center  line  on  the  opposite  side.  The  sum  of  all 
these  moments  should  be  within  8  or  10  percent  of  each 
other,  otherwise  the  car  body  will  have  a  tendency  to 
incline  to  the  heavier  side  after  being  placed  in  service. 

Accessibility  and  future  maintenance  should  be  con- 
sidered rather  than  the  saving  of  a  few  feet  of  cable  in 


the  initial  installation.  In  Fig.  i  is  shown  the  mounting 
of  a  switch  group,  line  switch  control  resistor  and  con- 
trol change-over  where  accessibility  was  considered  as  a 
primary  feature.  The  main  resistors  are  mounted  on 
the  left  near  the  edge  of  the  car. 

Space  is  an  important  factor  under  a  car,  and  any 
arrangement  will  have  its  disadvantages.  Usually  the 
layout  of  the  control  and  brake  apparatus  is  determined 
prior  to  the  construction  of  the  car,  so  it  remains  only 


FIG.    I — MOUNTING  OF  CUNTROI.   APP.\RATUS   UNDER   CAR 

The  switch  groups  have  covers  removed, 
to  place  it  and  install  the  air  piping  and  conduit  for  the 
control  and  power  cables.  All  short  bends  should  be 
avoided  if  possible,  because  they  make  it  very  difficult 
to  pull  in  the  cable.  Generally  the  equipment  is  installed 
by  the  builder.     Car  builders  usually  keep  experienced 
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wiremen,  pipe  fitters  and  have  power-operated  pipe- 
cutting  and  threading  machinery,  etc.,  and  are  better 
prepared  for  such  work  than  the  railway  companies. 

WIRING   OF    CONTROL    CIRCUITS 

It  is  very  important  that  the  control  circuits  be  in- 
stalled permanently.    Otherwise  they  may  prove  to  be  a 


nc.    2 — MOTORMAN's    COMPARTMliXT 

Showing  master  controller  and  control  and  reset  switches, 
source  of  trouble.    There  are  two  primary  requirenienls 
to  keep  in  mind  while  installing  these  circuits : — 

a_Use  flexible  wire  only,  so  that  vibration  with  the  motion 
of  the  car  will  not  break  it. 

fc— Use  wire  with  a  good  insulation  and  with  sufficient  me- 
chanical strength. 

Where  a  number  of  cables  enter  a  piece  of  apparatus, 
they  should,  if  possible,  be  arranged  so  that  any  one  can 
be  withdrawn  without  disturbing  the  others.  Where  a 
control  change-over  switch  or  third  junction  box  is  em- 
ployed, practically  all  of  the  control  cable  will  connect 
through  it,  and  if  a  mass  of  control  wires  are  taped  to- 
gether it  would  be  very  difficult  to  withdraw  any  one 
should  it  become  damaged.  Splicing  should  be  avoided 
where  possible.  Where  a  small  stranded  wire  becomes 
filled  with  solder  it  becomes  inflexible  and  is  easily 
broken  at  that  point. 

When  a  tap  wire  is  to  be  taken  oft"  it  should  not  leave 
the  main  wire  at  the  point  where  the  splice  is  made  as 
shown  at  B,  Fig.  3,  but  should  be  taped  along  with  it  for 
about  an  inch,  as  shown  at  A,  and  then  taken  off  in  the 
direction  required.  This  will  leave  the  tap  wire  flexible 
at  the  point  C  where  it  leaves  the  main  wire  and  reduce 
the  possibility  of  its  being  broken,  and  will  also  insure 
better  insulating  at  the  splice. 

A  control  cable  should  not  be  connected  so  that  anv 
of  the  individual  wires  are  in  tension.  Too  much  slack 
must  also  be  avoided,  as  the  wires  may  vibrate  with  the 
motion  of  the  car  and  cause  the  insulation  to  chafe, 
finally  resulting  in  a  short-circuit  or  ground.  All  ter- 
minals should  be  numbered  or  marked  with  some  kind 


of  a  tag,  as  shown  at  D,  Fig.  3.    This  will  prove  valuable 
in  the  future  in  tracing  the  wiring. 

MAIN   CIRCUIT  WIRING 

Some  operators  specify  that  each  main  circuit  cable 
be  run  in  a  separate  conduit,  while  others  use  several,  as 
the  case  may  require.  In  the  main  circuit  wiring,  shown 
in  Fig.  I,  each  cable  is  run  in  a  separate  conduit. 

When  connections  are  made  outside  of  the  switch 
group  the  cable  should  have  a  U-shaped  loop  before  it 
enters  the  group,  as  shown  in  Fig.  I.  The  power  circuits 
seldom  give  any  trouble  except  at  the  motor  leads.  If 
these  leads  are  left  long  and  hanging  loose  they  may 
catch  on  some  projection  of  the  motor  case  or  truck  and 
cause  injury  to  the  insulation  when  the  car  passes 
around  a  curve.  This  may  result  in  a  short-circuit  and 
possibly  an  expensive  repair  bill,  as  well  as  a  delayed 
car.  These  leads  should  be  brought  up  to  the  body  of 
the  car  in  some  kind  of  a  loop,  preferably  a  U  shape, 
leaving  just  enough  slack  to  allow  passing  around  the 
sharpest  curve.  The  main  circuit  cables  that  connect  to 
the  motor  leads  should  extend  only  a  short  distance  out 
of  the  conduit,  leaving  the  more  flexible  motor  lead  to 
take  care  of  the  movement  of  the  car  body. 

The  control  and  power  circuit  wiring  should  be  given 
a  thorough  test  before  the  car  is  offered  for  service,  to 
make  sure  that  the  switches  operate  in  the  proper  se- 
quence and  that  the  train-line  connections  are  correct 
for  train  operation.  A  voltage  test  should  also  be  given 
to  eliminate  the  possibility  of  a  ground  or  poorly  insu- 
lated connection. 

ECONOMY    OF   LABOR 

It  is  recognized  that  specialization  will  produce  an 
efficient  workman.  Where  the  output  and  number  of 
cars  to  be  equipped  is  sufficiently  large,  great  economy 
can  be  effected  by  having  workmen  for  each  operation, 
i.  e.,  for  installing  the  apparatus  and  for  wiring  control 
and  power  circuits,  respectively.  Templets  that  con- 
form to  the  terminal  board  of  the  junction  boxes  and 
master  controllers  may  be  used  to  great  advantage.  A 
master  controller  is  shown  in  Fig.  2  where  these  forms 
were  used.  The  use  of  these  templets  or  forms  makes 
it  possible  to  cut  the  wires  to  the  proper  length  and 
solder  the  terminals  on  at  one  end  before  the  cable  is 
pulled  into  the  conduit,  as  well  as  to  relieve  the  wire- 
man  of  some  tiresome  work  in  an  inconvenient  place. 


FIG.   3 — METHOD   OF    SPI.ICINO    WIRES 

Neatness  is  very  essential ;  work  done  in  a  slouchy 
manner  not  only  has  a  bad  appearance,  but  is  also  unre- 
liable. Since  the  problem  of  car  wiring  is  of  primary 
importance  in  securing  reliability  of  service,  railway 
companies  and  manufacturers  can  hardly  give  it  too 
much  attention. 


Low-Floor  Car  Control 


KaRI,    a.    SiMMIlN 


THE  increased  use  of  low-floor  cars  as  a  means  of  elements   being   interchangeable,   readily   accessible   and 
reducing  the  unloading  and  loading  time  element  simple  in  construction,  as  is  shown  in  Fig.  4.     The  re- 
has  necessitated  the  development  of  various  kinds  verser  is  pneumatically  operated,  rugged  and  compara- 
of  apparatus,  among  the  more  important  of  which  is  the  tively  large  for  the  work  to  be  done,  the  reduction  in 


control.  A  controller  box  which,  together  with  a  master 
c  o  n  troller,  control  switch, 
grid  resistor,  main  fuse  and 
the  necessary  inter-connect- 
ing cables,  constitute  a  com- 
plete equipment  for  this  kind 
of  cars,  is  shown  in  Figs,  i, 
2  and  3.  All  parts,  other 
than  the  controller  box 
proper,  are  of 
well  -  known 
standard  design. 
The  controller 
box  is  divided 
.     ,  into    compart- 

KaRI.    a.    biMMON 

ments,  one  con- 
taining three  switches  or  circuit  breakers, 
one  containing  the  reverser  and  commu- 
tating  switch,  and  two  small  end  compart- 
ments housing  the  motor  cutout  switches, 
relays  and  control  terminals.  The  distribu- 
tion of  the  various  elements  is  such  that  the 
working  or  wearing  parts  can  readily  be  in- 
spected. 

The  outline  dimensions  of  the  controller 
bo.x  are  shown  in  Fig.  4.  The  arrangement 
of  the  compartments  and  the  method  of 
mounting  is  such  that  this  piece  of  appar- 
atus can  be  hung  either  longitudinally  or 
transversely  with  respect  to  the  car  framing. 
While  the  maximum  depth  is  over  seven- 
teen inches,  this  occurs  only  above  the 
switch   compartment,   the   top   of    which    is 


depth  to  meet  low-floor  conditions  not  being  a  material 
handicap  to  liberal  design  when  pneumatic  power  is 
available. 

The  commutating  switch,  which  cuts  in  and  out 
resistance  according  to  a  predetermined  sec^uence,  is 
located  adjacent  to  the  reverser.  This  switch  is  of  the 
drum  type,  operated  by  the  well-known  PK  or  balanced 
air  pressure  method,  which  has  been  employed  so  suc- 
cessfully in  both  city  and  subway  service.     The  aux- 


and  3- 


-I'RONT   AND   RliAR   VIEWS   OF    HI.D   CONTROLLER   BOX, 
WITH    COVER    REMOVED 


IIG.    I  —  HLU  CONTROLLER  BO.X 

only  fourteen  inches  square  and  e.xtends  between  the 
sills,  so  that  the  effective  depth  of  equipment  beneath 
the  car  sills  is  only  fourteen  and  one-half  inches. 

Each  of  the  three  unit  switches  is  of  the  well-known 
HL  or  electropneumatically-operated  type,  the  various 


iliary  details  located  in  the  small  end  compartments, 
such  as  relays  and  cutout  switches,  are  of  standard  con- 
struction, rugged  yet  light  in  weight  and  positive  in 
action. 

The  main  circuit  connections  for  a  typical  two-motor 
equipment  are  shown  schematically  in  Fig.  6.  This  dia- 
gram shows  in  detail  the  distribution  of  the  three  unit 
switches  or  circuit  breakers  which  open  and  close  the 
circuit  during  normal  operation  as  well  as  during  over- 
loads and,  in  addition,  efTect  the  transition  from  series 
to  parallel.  All  main  circuit  changes  not  effected  by  the 
unit  switches  are  made  on  the  commutating  switch  drum 
which,  owing  to  the  inherent  arrangement  of  connec- 
tions, does  not  interrupt  the  circuit  during  normal  oper- 
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ation.  The  resistance  changes  effected  by  the  drum  pro- 
vide an  especially  smooth  acceleration  with  four  notches 
in  series  and  parallel.  Shunting  transition  is  employed 
when  passing  from  series  to  parallel,  thus  making  it 
possible  to  insert  all  of  the  external  resistance  ahead  of 
the  motors. 


riG.    4 — SECTIONAL   VIEW    OF    SWITCH    COMPARTMENT 

Type  HLD  control,  while  primarily  designed  for 
light-weight,  low-floor  cars,  is  capable  of  handling  two 
or  four  motors  having  an  aggregate  capacity  of  not  over 
200  hp  at  600  volts.  The  control  circuits  may  be  oper- 
ated from  a  storage  battery  or  with  line  current,  very 
little  energy  being  consumed  in  either  case.    The  many 


advantages  of  this  new  low-floor  car  control  are  more 
or  less  similar  to  the  characteristics  of  HL  and  PK 
control,  among  the  more  important  of  which  are : — 


/ — Compactness. 

2 — Reliability. 

J — Ease  of  installation. 

4 — Light  weight. 


5 — Low  maintenance. 
(5— Safety. 
7 — Simplicity. 


J 


It. 


\ 
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nC.    5 — PLAN    AND   ELEVATION   OF  CONTROLLER  BOX 

Showing  outline  dimensions. 


riC.  6 — SCHEMATIC   MAIN  CIRCUIT  DIAGRAM 

Two  600  volt  motors. 

The  evolution  of  city  car  construction  during  the  last 
live  years  appears  to  indicate  the  necessity  for  the  adop- 
tion by  many  of  the  operating  companies  of  this  coun- 
try of  a  type  of  control  similar  to  that  described. 


Light-Weight  Grid  Resistors 


JuSKPH    D.   BiRRELL 


SINCE  this  is  the  day  and  age  of  light-weight  car 
equipments  and  every  part  of  the  equipment  comes 
in  for  its  share  of  the  "cut,"  it  is  only  logical  that 
attention  be  given  to  the  reduction  in  weight  of  acceler- 
ating resistors.  This  reduction  can  only  be  brought 
about  by  giving  up  at  least  one  of  the  more  advantage- 
ous characteristics  of  what  is  considered  a  standard 
grid  resistor.  This  characteristic  is  "thermal  capacity" 
or  heat-absorbing  capacity,  and  when  it  is  considered 
that,  other  things  being  equal,  thermal  capacity  is  di- 
rectly proportional  to  weight,  it  will  be  seen  that  on 
reducing  the  weight  the  thermal  capacity  is  also  reduced 
in  proportion. 


\\  hen  cars  operate  for  long  periods  in  "downtown" 
service,  which  is  mostly  operation  on  resistor  notches,  it 
is  a  great  advantage  to  have  a  resistor  with  large  thermal 
capacity  in  order  that  the  heat  generated  may  be  ab- 
sorbed by  the  grids  without  dangerous  temperature  rise. 

A  reduction  in  grid  weight  for  the  same  continuous 
grid  capacity  can  be  accomplished  by  reducing  slightly 
the  cross-section  of  the  active  resistor  element  and  in- 
creasing the  spacing  of  the  grids  by  widening  the  boss, 
thus  giving  better  ventilation.  The  reduction  is,  of 
course,  accompanied  by  a  reduction  in  thermal  capacity, 
which  amounts  to  appro.ximately  35  percent  average. 
It  will  thus  be  realized  that  to  apply  a  light-weight  re- 
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sistor  more  complete  and  accurate  data  must  be  obtained 
than  was  formerly  the  case,  in  order  that  the  resistor 
may  be  "safe"  and  still  the  maximum  reduction  in 
weight  be  obtained. 

For  the  sake  of  comparison,  assume  two  resistors 
each  having  the  same  overall  dimensions,  ohmic  resist- 
ance at  25  degrees  C.  and  continuous  capacity,  but  built 
up  as  follows : — 


(a)     standard  (narrow  boss) 
grid  resistor 

One  frame  of  22—8  in.  3  point 
cast-iron  grids ; 

Grid  pattern  A; 

Assembled  multiple— 2,  series 
— II ; 

Continuous  capacity,  109.6  am- 
peres ; 

Resistance  at  25  degrees  C, 
0.27  ohms ; 


(b)      I.ir.HT-WEIGHT  (wide  boss) 
GRID   RESISTOR 

One  frame  of  13 — 8  in.  3  point 

cast-iron  grids ; 
Grid  pattern  B ; 
Assembled  series — 13  ; 

Continuous  capacity,  109.5  am- 
peres ; 

Resistance  at  25  degrees  C. 
0.265  olims ; 


Weight  of   active  material,   72  [  Weight  of   active   material,   5-' 
pounds.  pounds. 

The  following  is  a  comparison  of  a  typical  frame 
of  light-weight  and  standard  resistors  as  shown  in 
Fig.  I  :— 

LIGHT-WEIGHT    (wiDE  BOSS) 
GRID    RESISTOR 

I — Active  material  weighs  27,7 
percent  less  than  narrow 
boss  grid  resistor ; 

3 — Thermal  capacity  41  percent 
(average)  less  than  narrow 
boss  grid  resistor ; 

3 — Cost  of  resistor  24  percent 
less  than  narrow  boss  grid 
resistor; 

4 — Lighter  weights  tending  to- 
ward lower  operating  costs 
than  at  present. 

Both  types  of  resistors  are  assembled  in  the  stand- 
ard manner,  i.  e.,  make  use  of  the  three-point  method  of 
support.  The  resistors  are  built  up  of  cast  grid  units, 
which  are  easily  replaceable  without  the  risk  of  other 
units  falling  out.  The  resistor  elements  have  a  high 
melting  point,  which  greatly  exceeds  the  critical  tem- 
perature or  sagging  point  of  either  rolled  or  drawn  ma- 
terial. 

From  Fig.  2  it  will  be  seen  that  these  two  particular 
grids  under  consideration  have  approximately  the  same 
average  thermal  capacity  per  individual  grid.  The  total 
thermal  capacity  will  therefore,  on  the  average,  be  in 
proportion  to  the  number  of  grids. 

Better  ventilation  and  radiation  is  obtained  with  the 
wide  boss  than  with  the  standard  resistor,  due  to  the 
wider  spacing  of  the  grids,  as  shown  in  Fig.   i.     The 


STANDARD    (narrow    BOSS) 
GRID    RESISTOR 

/—Active  material  weighs  38.3 
percent  more  than  wide 
boss  grid  resistor; 

.'—Thermal  capacity  70  percent 
(average)  more  than  wide 
boss  grid  resistor ; 

3 — Cost  of  resistor  31.8  percent 
more  than  wide  boss  grid 
resistor; 

4 — Standard  weight  means 
operating  costs  as  at  pres- 
ent. 


amount  of  air  passing  through  a  resistor  will,  of  course, 
vary  with  the  speed  of  the  car  and  existing  conditions 
at  any  particular  time  under  consideration.  Due  to  this 
better  ventilation  of  the  wide  boss  resistor,  the  average 


FIG.    I — RliSlSTuRS 

A — Standard,  narrow  boss  grid  resistor. 
B — Light-weight,  wide  boss  grid  resistor. 

continuous   current   rating  per  grid   can  be   materially 
increased. 

Numerous  light-weight  resistors  of  the  type  de- 
scribed are  already  employed  for  certain  service  condi- 
tions and  are  giving  entire  satisfaction,  the  reduction  in 
thermal  capacity  not  having  reduced  the  factor  of  safetv 
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sufficiently  to  affect  the  reliability  appreciably.  An 
api)licatiun  wlicre  jjractically  all  grades  are  eliminated 
and  automatic  acceleration  is  used  is  comparatively  ideal 
for  a  light-weight  resistor. 


The  Design  of  Direct-Current  Railway 
Accelerating  Resistors 


L.   J.    HlJiltAKU 

Railway  Engineering  Department, 
Westinghonsc  Electric  &  Mfg.  Company 


THE  design  of  a  direct-current  railway  accelerating 
resistor  involves  three  distinct  problems : — 
/—The  determination  of  the  total  amoimt  of 
resistance  required  in  the  circuit  when  the  controller  is 
on  the  first  notch. 

2 — The  determination  of  the  number  of  steps  and 
their  ohmic  values,  into  which  the  resistance  must  be 
divided  to  give  uniform  acceleration. 

J — The  deterinination  of  the  current-carrying  ca- 
pacity of  the  various  steps  which  is  necessary  to  prevent 
the  overheating  of  the  resistor  element. 

AMOUNT  OF   RESISTANCE  REQUIRED  IN   CIRCUIT  AT  START 

The  total  resistance  required  in  the  circuit  at  start, 
and  the  amount  of  resistance  that  is  cut  out  at  any  given 


IIG.   I — RESISTOR  CONNECTIONS 

Eo   :=  Line  voltage. 

£1  =  Counter  e.m.f.  at  instant  contact  is  made  at  i?,. 
E\  —  Counter  e.m.f.  at  instant  contact  is  broken  at  i?,. 
Hj  =  Counter  e.m.f.  at  instant  contact  is  made  at  R~. 
£'j  =  Counter  e.m.f.  at  instant  contact  is  broken  at  R,. 
fi,  =  Counter  e.m.f.  at  instant  contact  is  made  at  R^. 
H'3  =  Counter  e.m.f.  at  instant  contact  is  broken  at  R,. 
H,  =  Counter  e.m.f.  at  instant  contact  is  made  at  i?,. 
E\  =  Counter  e.m.f.  at  instant  contact  is  broken  at  R,. 
Ei   =  Counter  e.m.f.  at  instant  contact  is  made     at  R:,. 

instant,  depends  upon  the  permissible  rate  of  accelera- 
tion. For  car  equipments  this  rate  lies  between  one  and 
two  miles  per  hour  per  second.  To  accelerate  a  car  at 
the  rate  of  1.5  miles  per  hour  per  second  it  is  necessary 
to  exert  approximately  150  pounds  tractive  cfifort  per 
ton  weight  of  car. 

Assuming  an  acceleration  of  1.5  miles  per  hour  per 
second  and  given  the  car  weight  in  tons,  it  is  possible  to 
determine  the  total  tractive  effort  which  must  be  exerted 
by  the  motors.  Dividing  this  total  tractive  effort  by  the 
number  of  motors  on  the  car  gives  the  tractive  eiifort 
which  must  be  exerted  by  each  motor.  Knowing  the  gear 
ratio  and  wheel  diameter,  the  value  of  the  current  which 
will  produce  the  above  tractive  effort  can  be  obtained 
from  the  torcpe  curve  of  the  motor.  Then,  by  means  of 
the  line  voltage,  the  total  resistance  can  be  determined. 
The  value  of  the   resistance  obtained  by  this  method 


must  be  reduced  by  a  factor  which  varies  from  0.7  to 
0.8,  i.  e.,  the  resi.stance  must  be  multiplied  by  approxi- 
mately 0.75  to  give  the  value  of  resistance  which  is  actu- 
ally placed  in  the  circuit.  The  necessity  for  using  this 
factor  is  due  in  general  to  two  causes ;  first,  the  induct- 
ance of  the  motors,  and  second,  the  regulation  of  the 
transmission  system.  By  following  the  method  outlined 
and  by  using  a  constant  of  0.75,  the  amount  of  resistance 
which  is  required  in  the  circuit  at  start  can  be  deter- 
mined, and  then  by  subtracting  the  motor  resistance 
from  the  total  the  external  resistance  which  is  required 
is  obtained. 

NUMBER  OF  STEPS 

To  accelerate  the  motors  at  a  constant  rate  it  is  nec- 
essary to  keep  a  certain  average  value  of  current  flowing 
through  them  during  the  acceleration  period.  When 
external  resistance  is  used  to  accelerate  a  motor  equip- 
ment the  resistance  must  be  cut  out  in  steps  of  such  a 
value  that  the  current  will  vary  between  two  limits  such 
that  the  average  value  will  produce  the  desired  rate  of 
acceleration. 

On  the  average  railway  equipment  the  variation  in 
tractive  effort  should  not  be  greater  than  25  or  30  per- 
cent. If  these  values  are  exceeded  the  mechanical  parts 
will  be  subjected  to  severe  strains  and  the  passengers 
will  be  jolted  unduly. 

The  number  of  steps  and  their  ohmic  values  can  be 
calculated  from  the  following  formulae : — * 


P  = 


Log  CK 


— I  (straight  rheostatic  notching) 


r,  =CKRm 

r,  =CKn       =  C^  A'2  /?m 

r,  ==C  Kr^      =  a  K'  n  =  C  K'  Rm 

rn  =C  K  rn-i  =  C»  K^  rn-i  =   C"'  A»-'  /? ,„ 

Where    rn        =  First  step  of  resistance  cutout. 

rn-i      =  Second  step  of  resistance  cutout. 

rn-2     =Third  step  of  resistance  cutout. 
.\nd        r,         =  Last  step  of  resistance  cutout. 

Rm      =  Resistance  of  motors  and  wiring. 

P         =  Xumber  of  steps. 

Rt      =  Total  resistance  in  circuit  at  start. 

CK     =A  constant  whose  value  depends  upon: — 

(1)  Motor  characteristics. 

(2)  Variations  in  torque  on  each  notch.  (In  ordinary 
railway  service  the  value  of  CK  will  be  appro.xiniatcly 
1.465,  see  Fig.  2). 

CAPACITY 

To  determine  the  current-carrying  capacity  of  each 
step  it  is  necessary  to  know : — 


*For  derivation  of  these  formulae  sec  end  of  article. 
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(7 — The  niaxinuini  time  spent  on  each  notch. 

h — /max.  and  Imm.  from  which  it  is  possible  to  deter- 


mine the  value  of  -i '(/'n 


+  P„n„.)- 


c — The  time  required  to  complete  one  cycle  of  the 
speed-time  curve.  If  the  time  required  to  complete  this 
cycle  varies,  the  minimum  value  should  be  chosen. 

Knowing  these  values,  it  is  possible  to  determine  the 
root  mean  square  value  of  the  current  flowing  through 
each  step  of  the  resistor.  The  resistor  element  that  is 
used  should  be  able  to  carry  this  value  of  current  con- 
tinuously without  overheating.  Also  this  resistor  ele- 
ment should  have  sufficient  thermal  capacity  to  with- 
stand the  peak  loads  without  dangerous  heating.  The 
capacities  obtained  by  this  method  are  safe  only  on  the 
assumption  that  the  acceleration  is  automatic.  If  the 
equipments  are  accelerated  by  hand  the  above  capacities 
should  be  increased,  the  amount  of  increase  depending 
upon  the  type  of  service  and  upon  the  class  of  motor- 
men. 

As  an  example,  take  an  equipment  as  follows : — 

Number  of  motors 4 

Horse-power  of  motors 140 

Hourly  rating 200  amperes. 

Continuous  rating 125  amperes. 

Resistance  of  the  four  motors  in  parallel 0.045  ohms. 

Average  line  voltage 530  volts. 

Gear  ratio 2 1 :56 

Wheel  diameter 33  inches. 

Desired  rate  of  acceleration 1.5  m.p.h.p.s. 

Pounds  tractive  effort  per  ton  weight  of  car 150  pounds 

Car  weight 35-8  tons 

Type  of  acceleration Hand 

To  find  the  total  resistance  required  in  the  circuit: — 

Total  tractive  effort  required  =35.8X150  =  53691  pounds. 
Tractive  effort  per  motor  =  5369^-4  =  1342.5  pounds. 
Torque  per  motor  =  i342. 5X21 -H56X33-H 24  =  692  pounds  at 

one  foot  radius. 
Current  required  per  motor  (from  Fig.  4)  =  155  amperes. 

Type  of  notching =  straight  rheostatic. 

Average  amount  of  current      =4X155=620  amperes. 
Maximum  amount  of  current    =620X1 .08*  =670  amperes. 
Minimum  amount  of  current     =620X0.92*  =  570  amperes. 
Inductance  and  line  regulation  factor  =  0.75. 

Resistance  required  in  circuit =530-^670  =  0.79. 

Total  resistance  actually  placed  in  circuit  =0.79X0.75  =0.595. 

To  find  the  number  of  steps: — 

CK  =  1.465  when  the  variation  in  tractive  effort  =approximate 
25'per  cent.* 

T^,      „     L     0045 J 

rhenP=  J 7- — 7=4.7i 

Log  1.46s  ^     -' 

Therefore,  from  the  result  in  last  foi'mula  four 
steps  are  used. 

To  find  the  Ohmic  value  of  each  step: — 
ri=   1.465      X  0.045=0.0659 
r,  =  (i  .465)2  X  0.045=0.0966 
r3  =  (l. 465)3  X  0.045=0.1415 
r<=(i.465)^  X  0.045=0.2075 

o  5115 
Resistance     of     four 
motors  in  parallel .  .  .  .  =  o .  0450 


i?T  for  four  steps  ....  =0.5565 

If  five  steps  are  used : 

fs  =(1.465)5  X0.045  =03033 

Rt  for  five  steps =  0  .  8598 

The  continuous  capacity  of  resistor  which  should  be 
selected  depends  on  the  length  of  time  it  is  normally  in 

*See  Fig.  2. 


service.  The  first  grid  to  be  cut  out  can  therefore  have 
a  lower  continuous  capacity  than  the  last  one.  For 
average  operating  conditions,  experience  indicates  that 
in  a  four-step  resistor  satisfactory  operation  will  be  se- 
cured with  the  steps  having  capacities  of  30,  45,  60  and 
75  percent,  respectively,  of  the  total  continuous  rating 
of  the  motors.  In  the  above  example  the  total  continu- 
ous motor  rating  is  4  X  125,  or  500  amperes.  The  con- 
tinuous rating  of  the  resistors  should  therefore  be 

For  Ti  =  0.30  X  500  =  1 50  amperes. 
For  r3  =  0.45X500  =  225  amperes. 
For  r2  =  0.60X500  =  300  amperes. 
For  fi  =0.75X500  =  375  amperes. 
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riG.   2 — V.\RI.\TION   OF  COUNTER  E.M.F.   AND   CURRENT 

On  this  curve:  — 

£min.  106.5 

^    =^?       =  -rrr=o  935 


K      =- 


"£max.     ~       : 

/max.     _      167.5    _ 
=  /min.     -      142,5    "    '-'"^ 

CK   =0.935   X   1. 175   =   II 

Assuming  an  inductance  factor  of  0.75,  the  value  of  CK  by 
substitution  into  formula  will  be  I .  I-HO  75  =  i  .465.  Also  assum- 
ing the  variation  in  tractive  effort  equal  to  25  percent.  Then  for 
railway  motors  the  tractive  effort  equals  a  constant  times  torque 
equal  approximately  a  constant  X  /'*  or  if: — 
(Tractive  effort)  1         /i^° 

^   /.,i-6      =1-5 
Jmin. 
/.,     -'    '"'-^-/max. 


(Tractive  effort); 
Therefore 


PROOF  OF  FORMULAE 
(Straight  Rheostatic  Notching) 
To  derive  a  formula  for  the  number  of  steps  let 
/mill.  =  minimum  value  of  current  allowable  during  accelera- 

£min.  =countcr  c.ni.f.  of  motor  at  full  speed  with  /min.  flow- 

Imax.  =  maximum  value  of  current  allowable  during  accelera- 
1. 
£max.  =  counter  e.m.f.  of  motor  at  full  speed  with  /max.  flow- 


/min. 

7 

/max. 

"    K 

= 

A' 

£max 

I 

C 

£min; 

C 

CK'   =  Z'   =  V 
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P     =  Number  of  steps. 

i?T   =  Total  resistance  in  circuit  when  the  controller  is  on  the 
first  notch. 

iJm  =  Resistance  of  motors  and  wiring. 


SERIES  PARALLEL  CONTROL 


The  formula  as  given  by  equation  (12)  is  correct  for 

straight  rheostatic  control.     It  is  not  absolutely  correct 

From  Fig.  i  it  is  seen  that  counter  e.m.f.'s  E^  and      ^^^  ^^^-^^^  parallel  operation,  due  to  the  fact  that  the 

E\  are  generated  at  the  same  speed.    Also  to  satisfy  the  ^^ 

conditions  of  acceleration  assumed—  ratio  -^changes  slightly  when  the  motors  are  changed 

■Ea  _.Emax.  =c'or£2  =  C'E\  from  series  to  parallel  connection.  However,  if  this  is 
'  ■^™"i-  neglected  and  if  the  transition  point  is  considered  as  an 
Similarly — — '  =-f  =—  =C  acceleration  step  the  number  of  steps  in  series  and  par- 
Let  i?i=  the  total  resistance  required  in  circuit  at  start  to  allow  allel  will  be  equal, 
/max- to  flow.  (Fig./).  ^  If,  however,  this  variation  is  taken  into  consideration 
Then-Ri  =—2 —  =  -7 •' From  which  ""°"  =  K'  =  g^d  if  the  transition  point  is  not  used  as  an  acceleration 

/max.        /min-  J  max.  '^ 

E^—E',^^^  c"  _p  /  —K')  (i)     ^'■^P  ^^^  following  formula  for  the  number  of  steps  re- 

quired for  series  parallel  operation  may  be  derived. 


^and£'i=£o(^ 


-E', 


=  K' 


R„    =iio: i:2_  =  ii2 — ^H-f .  .  .From  which     °""" 

/max.  /min.  /max. 

Eq—E'^  and£'2=£e  {i—K')+K'E2 (2) 

E^—Ei 

But  from  Fig.  2,  £2  =  C'E\  =  C'E„  (i—K') 

Then:— E',=Eo  {I— K')  +  C'K'EAl-K')  ,      ^     ^^,^ 

Likewise :— £'3  =£„  U-K')  +K'E3  and  £3  =  C'E'2  =  C'£„ (i-K') 
+  {C'')K'E,  (i-K')  or£'3=£e  {i-K')  +  C'K'E,  U-K')  +  (Cr(.K'y 
E^{i-K') (3) 

Similarly: —  „      ,  „„ 

£',=£;(/-x')+c'A"£„  (/-/:') +«:t(X')=£o  ii-K')+{cy 

(K'YE^  (z-K') (4) 

£'.  =  £0  {i-K')  +  C'K'E,  {i-K')  +  {C')KK'yE,  {i-K')  +  {C'y 
[K')'E,  {i-K')  +  (.C')*  (X')*  £0  (i-Kl (5) 


Referring  to  Fig.  I : 

I.     p      r£o— £'i    £,— £'s1  -I       (F'     F'\ 

or:     ri  =  - 
Likewise: 


.(6) 


(C')*(K'YE„{i-K') 

/n 


r2  =  i?3— i?4  =  ^ 


-(£'4-£'3)  = 


JOHKyEJi-K') 


■(7) 


Thus:     IL  =  C'A-'  =  -|-,  =  -^  or  ro  =  Zn 

Similarly: — 

r^^Zri;  u^^Zrs;   rn  =  Zrn-l 

Therefore  in  the  same  way:^ 

n  =2i?m (8) 

n  =Zri=Z^Rm (9) 

n  =Zrt  =  Z''r,  =  Zmm (10) 

rn  =Zrn-X  =ZVn-2=Zn-l  i?m (n) 

In  general  if  Rt  equals  total  resistance  in  circuit  (equals  Ri, 

Fig.  I):     RT  =  Rm+n  +  r,  +  ri.  .  .  .  rn-I  =Rm+ZRm+Z'RTn+Zm„^ 

+ Zo-iiJm 

or:— ^  =i+Z+Z'-+Z'+ Z"-! 
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I-IG.    3 — VARIATION    OF    TORQUE    WITH    CURRENT 

Let  Ps    =  Number  of  notches  required  in  series  connection. 
Pp   =  Number  of  notches  required  in  parallel  connection. 

—5!   =  motor  resistance  in  parallel  connection. 
4 
Rgp     =external  resistance  in  parallel  connection, 
^m   =  Motor  resistance  in  scries  connection. 
i?T     =Total  resistance  on  first  notch  of  series  connection. 
The  equation  for  the  number  of  steps  required  for  the  series 
connection  is  identical  with  equation  (12). 

For  the  parallel  connection  i?gp  =  -  ■-     "   —         « —    = 


2  In 


KE, 


K  RtIu 


and 


Rm         I-Z 
Rt 


Z'^  =  l-^{i-Z). 


LogZn=Log    [,_|l(/-Z)] 


Therefore: — n   = 


Log  Z 


But  n  =  P+i  where  P=number  of  steps. 
Log  r/-g(7-CA-)j 
Log  CK  " 


4  /max-  4  /max 

and  i?Tp  =  Pgp  + 

connection. 

Lo, 

Then:Pp= 

and:  Po=Pp+Ps  = 

r     KRr+R 
Log\^i— 


KRt 
4 
Rm_KRt+R 
4 


4  In 


[-k 


4 
KRr+Rt 


=  Total  resistance  in  parallel 


'\  (i-CA)J 


Rn 


(i~CK)'\  [i-^(.i-CK)~\ 


.(13) 


LogCK  — ^'"^ 

Thus  by  substituting  the  necessary  values  into  equa- 
tions (8),  (9),  (10),  (11),  (12),  (13)  and  (14)  it  is 

*ii+Z+Z'-+Z^ Z"— 1)  is  a  geometric  series  and  will  re-     possible  to  determine  the  number  and  ohmic  value  of  the 

//— ZA  ^  .     , 

duce  to  the  form   I    _^   I  steps  required. 


Therefore: — P  = 
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Conducted  by  R.  H.  WILLARD 
Aim — To  connect  theory  and  practice 


Parallel  Operation  of  Three-Wire  Generators 

Connections  for  two  three-wire  machines  in  parallel  are 
shown  in  Fig.  i.  For  parallel  operation  the  commutating  and 
series  fields  are  divided  and  half  the  windings  put  on  each  side 
of  the  machine.  This  arrangement  is  necessary  so  that  if  all 
the  load  is  between  neutral  and  negative  the  current  will  still 


FIG.   I — CONNECTIONS  OF  THREE-WIRE  GENERATOR 

flow  through  part  of  the  series  and  commutating  fields.  If  the 
fields  were  not  divided  in  this  way  the  machine  would  not  com- 
pound or  commutate  properly  with  unbalanced  load,  since  part 
of  the  current  would  not  flow  through  the  series  or  com- 
mutating fields. 


Synchronous  Induction  Motor 

A  special  form  of  induction  motor  which  runs  at  synchron- 
ous speed  is  used  in  some  cases  where  only  high  torque  is  re- 
quired. The  primary  is  a  regular  winding  to  produce  a  ro- 
tating magnetic  field,  but  the  secondary  has  salient  poles,  i.  e., 
projections  of  the  core  to  correspond  to 
the  primary  poles.  This  motor  starts  as  a 
simple  induction  motor,  but  when  nearly 
up  to  synchronous  speed  locks  into  syn- 
chronism because  the  salient  poles  on  the 
secondary  form  a  low  reluctance  flux  path 
in  comparison  to  the  part  of  the  second- 
ary between  poles  so  that,  on  account  of 
the  magnetic  circuit  tending  to  make  the 
flux  a  ma.ximum,  the  rotor  locks  into 
step.  The  torque  available  is  not  very 
great,  but  in  most  all  salient  pole  machines 
operating  as  induction  motors  it  is  suf- 
ficient to  drive  the  rotor  at  synchronous 
speed.  This  is  true  of  self-starting  syn- 
chronous motors  and  converters.  It  is 
immaterial  whether  the  rotor  is  primary 
or  secondary ;  in  a  converter  it  is  the 
primary. 


FIG.  I — SCHEMATIC 

DIAGRAM   OF 

INDUCTION   MOTOR 

WITH    SALIENT 

POLES 

As  poles  A^,  S,  N, 
S  travel  around  the 
stator  frame  the 
tendency  t  o  keep 
the  flux  a  maxi- 
mum causes  the 
rotor  to  rotate  in 
svnchronism. 


Signal  and  Track  Circuit 
Enamelled 
Resistances 

Vitreous  Enamel  insures  absolute  pro- 
tection, against  chemical,  electrical  or 
mechanical  depreciation. 


Standard  R.  S.  A.  mounting  bases.     Any  resistance  from 
O.I  ohm  to  7000  ohms 


One  of  these  units  will  be  sent  gratis  to  any  engineer 
writing  for  same  and  stating  the  purpose  for  which  such  a 
vitreous  enamelled  unit  is  of  interest. 

CONSTRUCTION 


■Mod 


Enamelled  Resistance  Units  are 

sistancea.  Each  unit  is  composed  ot  a  porcelain  tube  wound 
with  a  special  resistance  wire  of  practically  zero  temperature 
co-efficient.  The  tube  after  being  wound  with  wire  is 
covered  with  a  vitreous  enamel  which  holds  the  wire  firmly 
in  place.  The  copper  connecting  wires  or  terminal  leads 
consist  of  round  copper  braids  each  composed  of  a  large 
number  of  flexible  copper  wires.  Grounding  is  absolutely 
impossible  as  the  support  is  composed  of  the  most  perfect 
insidating  material. 


The  finest  wire  when  properly  embedded  in  the  special 
enamel  used  for  these  Ward  Leonard  resistance  units  is 
entirely  free  from  any  mechanical  strain  due  to  the  heat 
ing  and  cooling  and  is  perfectly  protected  against  alt 
oxidation  or  other  chemical  depreciation,  such  as  is  in- 
variably met  with  where  fine  wires  are  exposed  to  the 
air  at  any  part  of  their  length  or  are  embedded  in  any 
materials  such  as  cement,  japan,  shellac  or  any  other 
insulating  material  thus  far  used,  with  the  single  exception 
of  enamel. 


Ward  Leonard  Electric  Co.,  Mt.  Vemon,  n.  y. 


EaHLWAY  ©FIMATM^  PAT  A 


How  to  Babbitt  Motor  Bearings 

CLEANING  THE   SHELL 

Cast  Iron,  Malleable  Iron  or  Cast  Steel  Shells  (Untinncd) 
—Remove  all  the  old  lining  from  the  shell.  This  may  be  done 
by  heating  the  shell  sufficiently  to  melt  out  the  old  lining.  Re- 
move all  oil,  dirt  or  other  foreign  matter  by  dipping  the  shell 
in  a  solution  of  caustic  potash  or  by  burning.  If  the  burning 
method  is  used,  continue  the  burning  until  all  smoke  ceases, 
showing  that  all  oil  and  dirt  have  been  burned  off ;  then  scrape 
the  surface  with  a  file  and  rub  down  with  coarse  sandpaper  in 
order  to  remove  all  scale  and  oxide. 

Bron::e,  Pipe  or  Steel  Shells  (Tinned) — Remove  the  old 
lining  by  heating,  preferably  in  a  pot  of  scrap  babbitt,  and  be 
sure  not  to  heat  above  375  degrees  C.  Just  as  soon  as  the  old 
lining  is  melted  out,  swab  the  tinned  surface  with  zinc  chloride 
(a  saturated  solution  of  zinc  in  hydrochloric  acid),  then  dip  into 
a  pot  of  "half  and  half"  solder,  which  should  be  kept  at  a  tem- 
perature not  less  than  340  degree*  *'    anrl  not  m.,r.'  than  375  de- 


FIG.    I — .\N    EXPERT   POURIXG   BAHBITT 

Showing  the  correct  method  of  holding  and  steadying  the  ladle 

during   the   operation. 

grees  C.  If  shells  are  to  be  babbitted  immediately,  do  not  touch 
tinned  surface  after  removing  from  the  solder  pot.  If  the  shells 
are  to  be  allowed  to  cool,  brush  off  the  tinned  surfaces  with  a 
piece  of  clean  waste. 

TINNING 

Bronze  or  Steel  Shells— Faint  the  parts  not  to  be  tinned 
with  a  thin  mixture  of  graphite  and  water.  When  dry  swab 
the  parts  to  be  tinned  with  zinc  chloride,  then  dip  the  shell 
into  a  pot  of  "half  and  half"  solder,  which  should  be  kept 
at  a  temperature  not  less  than  340  and  not  more  than  375  de- 
grees C.  Leave  the  shell  in  the  solder  until  it  is  just  hot  enough 
for  the  solder  to  run  off,  leaving  a  thin  coating.  Remove  the 
shell  from  the  pot  and  rub  the  surface  to  be  coated  thoroughly 
with  a  swab  saturated  with  zinc  chloride,  then  dip  in  solder 
again  to  wash  off  all  traces  of  zinc  chloride.  If  any  untinned 
spots  can  be  detected  on  the  surface  to  be  babbitted  repeat  the 
operation.  If  shells  are  to  be  babbitted  immediately  do  not 
touch  tinned  surfaces  after  removing  from  the  solder  pot.  If 
the  shells  are  to  be  allowed  to  cool  brush  off  the  tinned  surfaces 
with  a  piece  of  waste. 

Steel  shells  must  be  pickled  to  remove  the  scale  before 
being  tinned. 

PREHE.\TING    OF    MANDRELS    AND    SHELLS 

Iron  or  Steel  Sheels  (Untinncd) — Preheat  the  mandrel  to 
a  temperature  of  approximately  150  degrees  and  the  shell  to  100 
degrees  C.  If  the  shell  is  heated  too  hot,  the  length  of  time  for 
cooling  may  be  so  prolonged  that  the  heavier  metals  in  the  bab- 


bitt will  have  time  to  settle  to  the  bottom  end  of  the  bearing,  in 
which  case  the  metal  in  the  one  end  of  the  bearing  will  be  soft 
and  in  the  other  end  brittle,  while  if  the  shell  is  too  cold  it 
will  cool  the  babbitt  too  suddenly  and  cause  it  to  shrink  away 
from  the  shell.  After  each  bearing  is  poured  swab  off  the 
mandrel  with  a  piece  of  waste  which  has  been  dampened  with 
clay  wash.  This  leaves  on  the  surface  of  the  mandrel  a  thin 
layer  of  fine  clay  dust,  which  has  been  found  to  be  of  great 
assistance  in  producing  smooth,  clean  bearings  free  from  pin- 
holes and  other  surface  defects. 

Bronse  or  Steel  Shells  (Tinned) — Preheat  the  mandrel  to 
about  100  degrees  C.  The  same  reasons  for  having  the  temper- 
ature correct  apply  here  as  given  under  Preheating  of  Mandrels 
for  Iron  or  Steel  Shells.  .'Kfter  each  bearing  is  poured  it  may 
be  found  necessary  to  cool  the  mandrel.  This  is  done  by  dip- 
ping it  in  a  clay  wash,  which  leaves  a  layer  of  fine  clay  dust,  the 
same  as  the  swabbing  for  iron  and  steel  shells.  When  the 
mandrel  is  at  the  proper  temperature  the  water  of  the  clay  wash 
will  evaporate  very  quickly  on  the  surface  of  the  mandrel,  but 
will  not  spatter  vigorously.  The  brass  shell  is  preheated  in  the 
tinning  operation  and  should  be  babbitted  immediately  after  it 
has  been  tinned,  before  losing  the  heat  given  to  it  by  the  tinning 
operation. 


FIG.    2 — SELF-SKIMMING    LADLES 

Showing  Inside  bridges  for  predetermining  the  size  of  the  metal 

stream  in  pouring  and  for  preventing  slag  from   the  top 

of    the    ladle    getting    into    the    bearing.      Leather 

holders  for  these  ladles  are  shown  at  the  right. 

MELTING 
Melt  the  babbitt  in  an  iron  pot  or  kettle  and  maintain  at  a 
temperature  between  460  and  470  degrees  C.  It  is  very  neces- 
sary that  this  temperature  be  maintained  when  pouring  bear- 
ings and  that  the  upper  temperature  of  470  degrees  C.  be  not 
exceeded  at  any  time,  as  in  certain  grades  of  babbitt  the  metal 
is  irreparably  damaged  if  this  temperature  is  exceeded.  The 
use  of  an  automatic  regulator  is  necessary  to  hold  the  tempera- 
ture within  these  limits.  Stir  the  metal  thoroughly  at  frequent 
intervals,  otherwise  the  heavy  metals  will  settle  to  the  bottom 
of  the  pot.  Keep  the  babbitt  metal  covered  with  charcoal  or 
graphite  to  prevent  oxidation. 


Pour  from  a  ladle  in  a  steady  stream  directly  down  along 
the  mandrel  to  avoid  splashing  or  pocketing  of  air.  The  lip  of 
the  ladle  should  be  kept  free  from  burrs  or  other  surface  irreg- 
ularities in  order  to  pour  a  smooth,  round  stream.  If  the  metal 
is  splashed  up  against  the  mandrel  it  will  cause  blowholes  and 
give  a  mushy  bearing. 

IN   BRIEF 

Pouring  temperature  for  babbitt — 460  to  470  degrees  C. 

Temperature  of  "half  and  half"  solder  for  tinning — 340  to 
375  degrees  C. 

Preheat  iron  and  steel  shells — 100  to  150  degrees  C. 

Preheat  bronze  shells  in  tinning  operation. 

Preheat  mandrel  for  iron  and  steel  shells — 100  to  150  de- 
grees C. 

Preheat  mandrel  for  bronze  shells — 100  degrees  C. 


Our  subscribers  a^e  invited  to  use  this  department  as  a  means  or  securing  authentic  informatioa  on  electricaj  and  mechanical  sulijecls. 
Questions  concerning  general  engineering  theory  or  pracbce  and  questions  regarding  apparatus  or  materials  desired  for  particular  needs  wiJU  be. 
answered.     Speatic  data  regarding  design  or  redesign  of  individual  pieces  of  apparatus  cannotbe  supplied  through  this  department. 

To  receive  prompt  attention  a  self-addressed,  stamped  envelope  should  accompany  each  query.  A  personal  reply  is  mailed  to  each  questioned 
as  soon  as  the  necessary  information  is  available;  however,  as  each  question  is  answered  by  an  expert  and  checked  by  at  least  two  others,  a  reason- 
able length  of  time  should  be  allowed  before  expecting  a  reply.     Care  should  t>e  used  to  furnish  all  data  needed  for  an  inteUigent  answer. 


1372 — Synchronous  Motors  —  .A.ssume 
a  150  k.v.a.,  2300  volt,  three-phase,  60 
cycle,  900  r.p.m.  generator  and  a  150 
k.v.a.,  460  volt,  three-phase,  60  cycle, 
900  r.p.m.  generator,  and,  further- 
more, assume  that  these  two  gener- 
ators are  used  as  synchronous  motors. 
What  is  the  induced  voltage  on  the 
revolving  field  of  each  at  start  under 
identical  starting  conditions  ; — that  is, 
if  each  is  started  by  a  starter  giving 
half  normal  voltage?  What,  in  each 
case,  is  the  voltage  induced  across  the 
field  windings  at  start.'  When  run- 
ning the  above  generators  as  syn- 
chronous motors  is  it  satisfactory,  as 
a  temporary  arrangement,  to  use 
water  boxes  in  two  of  the  three  legs 
for  starting;  and  if  this  device  is  used 
is  the  induced  strain  on  the  revolving 
field  any  greater  than  if  used  with  an 
auto-starter?  c.  F.  M.  (vT.) 

When  a  motor  is  started  with  the  field 
winding  at  open  circuit,  the  voltage  in- 
duced in  that  winding  cannot  be  calcu- 
lated without  knowing  the  design  of  the 
motor.  With  a  machine  of  normal  de- 
sign and  the  characteristics  given,  as- 
suming that  the  motor  has  a  125  volt 
field  winding,  the  induced  voltage  is  ap- 
proximately 1500  volts.  If  the  armature 
ampere  turns  and  the  field  turns  are  the 
same  for  both  machines,  the  same  volt- 
age will  be  induced  in  the  field  winding. 
This  voltage  is  the  result  of  the  field 
turns  cutting  the  flux  produced  by  the 
armature  current,  and  is  proportional  to 
the  armature  ampere  turns  and  to  the 
number  of  turns  in  the  field  winding. 
Sufficient  torque  to  start  the  motor  will 
not  be  produced  with  a  starting  equip- 
ment consisting  of  two  water  boxes  con- 
nected in  two  phases  of  the  inotor,  pro- 
viding enough  resistance  is  used  to  suit- 
ably limit  the  current.  In  this  case,  the 
phase  voltages  will  be  badly  unbalanced 
and  the  current  will  produce  but  a  small 
proportion  of  the  torque  that  would  be 
produced  by  the  same  maximum  current 
and  balanced  voltages.  If  resistance  is 
connected  in  each  of  three  phases  and  so 
adjusted  that  the  proper  percentage  of 
norma  Ivoltage  is  applied  to  each  phase, 
the  motor  will  start  and  the  strain  on  it 
will  be  no  greater  than  if  it  were  started 
by  means  of  an  autostarter.  The  strain 
on  the  system  will  be  greater,  however, 
because  the  line  current  is  the  same  as 
the  motor  current,  the  additional  power 
being  wasted  in  the  resistances.  It  is  a 
tedious  and  difficult  procedure  to  prop- 
erly adjust  the  water  boxes,  and  because 
of  this  and  the  increased  line  power  re- 
quired this  method  should  be  used  only 
when  no  other  means  of  starting  is 
available.  r.  k. 

1373 — Test  for  Grounds — Having  no 
portable  instruments  for  testing,  what 
is  the  most  convenient  method  of  lo- 
cating a  grounded  coil  in  an  induction 
motor  if  direct  current  at  low  poten- 
tial is  available?   Motors  are  all  three- 


phase,  60  cycles,  with  squirrel-cage 
rotors,  and  range  in  size  from  one  to 
sixty  horse-power,  there  being  30 
motors  working.  j.  s. 

We  assume  these  motors  are  con- 
nected to  a  line  that  does  not  exceed  250 
volts.  It  will  then  be  practicable  to  rig 
what  is  known  in  shop  parlance  as  a 
"lighting  out"  line.  This  consists  of  a 
pair  of  insulated  wires,  with  about  one 
inch  of  the  conductors  bared  and  sharp- 
ened at  one  end,  and  the  insulation  re- 
inforced with  tape  to  form  a  handle.  In 
series  with  one  of  these  wires  connect  a 
sufficient  number  of  lamps  to  equal  the 
line  voltage.  The  lamps  should  take 
about  50  watts  at  normal  brilliance.i 
Connect  this  line  across  one  phase  of 
the  power  line  and,  after  separating 
the  connections  between  phases,  the 
grounded  phase  may  be  located  by  plac- 
ing one  sharpened  wire  on  the  frame  of 
the  machine  where  there  is  no  paint. 
Touch  the  other  against  the  bared  con- 
nections. When  the  grounded  phase  is 
found  the  lamps  will  light  nearly  full 
brilliance.  In  like  manner  after  open- 
ing the  connections  at  various  points  in 
the  winding  of  the  ground  phase  it  will 
be  possible  to  locate  the  grounded  coil 
by  a  process  of  elimination.  This 
method  must  not  be  used  for  working 
on  motors  of  high  voltage,  as  there  is 
too  much  risk  to  the  operator  in  han- 
dling live  leads  of  high  voltage  unless 
they  are  heavily  insulated  and  provided 
with  large  insulating  handles  with  in- 
sulating guards.  The  guards  should  be 
discs  of  insulating  material  about  four 
or  five  inches  in  diameter  made  of  a 
rigid  material  about  one-quarter  or 
three-eighths  inch  thick.  They  should 
be  fitted  on  the  insulating  handles  so 
that  the  fingers  cannot  come  in  contact 
with  the  bare  ends  of  the  conductors. 

J.  E.  M. 

1374  —  Size    of    Rotary    Converters — 

Will  you  kindly  advise  me  what  size 
of  rotary  converters  to  use  to  take  the 
place  of  two  200  kw  and  one  60  kw, 
230  volt,  direct-current  generators,  the 
average  day  load  being  1300  amperes : 
with  lights  on,  1600  amperes ;  momen- 
tary peak  load,  1900  amperes?  The 
above  three  units  are  all  running  when 
lights  are  on  and  the  60  kw  is  used  at 
night  for  light  loads.  We  use  a  bal- 
ancing set  in  order  to  get  no  volts  for 
the  lighting  circuit.  Would  you  recom- 
mend a  three-wire  converter  in  place 
of  the  balancing  set?  s.P.j.  (pa.) 

For  the  above  load  we  would  suggest 
one  300  kw,  250  volt  converter,  and  one 
200  kw,  250  volt  converter ;  the  small 
machine  to  be  three-wire  to  take  care  of 
the  lighting  load.  The  300  kw  machine 
would  have  a  two-hour  rating  of  450  kw 
and  the  260  kw  machine  of  250  kw.  If 
the  load  is  increasing  so  that  additional 
capacity  may  be  required  in  a  reasonable 
time  we  would  suggest  two  300  kw  ma- 
chines. R.  A.  M. 


1375  —  Transformer    Taps — In    Fig. 

l37S(a),  A,  B,  C  represent  the  pri- 
maries of  transformers  connected  in 
delta;  a,  b.  c  represent  secondaries  of 
transformers ;  d,  e,  f  are  taps  taken 

ad        nil     _, 
off.    Ratio  of  J—  =  —  .  With  a  given 

kw  capacity,  how  do  the  currents  di- 
vide in  the  various  circuits?  In  Fig. 
1375(b),  which  is  the  same  as  above 
except  that  taps  are  placed  as  shown, 
how  do  the  currents  divide  in  the  vari- 
ous circuits?  What  precautions  are 
necessary  if  three-phase,  core  type 
units  are  used  instead  of  three  single- 
phase  units  as  shown  above? 

S.  C.  (MONTREAL) 

Let  JHi  =  the  voltage  between  points 
(I  and  d  in  both  figures ;  wi,  =  the  volt- 
age between  points  d  and  c  in  Fig. 
1375(a)  and  between  points  a  and  c  in 
1375(b)  ;  Ed!  =  the  voltage  between 
points  d  and  /;  /ad,  /do  and  /ac  =  cur- 
rents in  windings  between  points  ad,  dc 
and  ac  respectively ;  and  IV  =  the  total 


FIGS.  1375(a)  and   (b) 

three-phase     load     drawn     from     points 
def    in    volt-amperes.      Then    for    Fig. 


1375(a)    /ad    =    Ida    = 
/ad 


w 


and  Ed!   = 


—  niim^  - 

W 
VsEd! 


3  Ed! 
For  Fig.  1375 (b) 

— s —  and  h,\i    = 
3  Edt 


'\^3>"x'  +  J'»r'"2  +  I'h'-  The  currents 
and  voltages  for  the  other  phases  are 
the  same  as  for  the  phase  that  has  been 
considered.  A  proof  of  these  expres- 
sions is  not  given  here  on  account  of  the 
considerable  space  that  would  be  re- 
quired. No  greater  precautions  are  nec- 
essary if  three-phase  core-type  units  are 
used,  than  for  single-phase  units,   j.  F.  P. 

1376  —  Grounded  Motor  —  (a)  Fig. 

1376(a)  shows  diagrammatically  the 
connections  of  a  motor-generator  set 
in  a  large  generating  station.  On  one 
occasion,  on  attempting  to  start  up  the 
set,  the  motor  broke  down  as  soon  as 
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the  starting  switch  was  closed,  several 
coils  breaking  down  to  ground.  At 
the  same  time  the  ground-indicating 
lamps  and  lamp  receptacles  on  the 
direct-current  machine  were  blown  to 
pieces  and  the  main  oil  switch  for  the 
motor  opened  automatically,  blowing 
off  one  oil  tank.  It  was  afterwards 
found  that  the  2200  volt  main  bus  was 
badlj'  grounded  on  one  phase,  but 
whether  the  ground  was  there  before 
the  attempt  to  start  the  motor  was 
made  or  not  is  not  known.  An  opin- 
ion as  to  what  caused  the  burning  of 
the  lamps  on  the  direct-current  ma- 
chine would  be  greatly  appreciated. 
The  distance  between  the  centers  of 
motor  and  generator  is  about  three 
feet.  Would  the  abnormal  current 
taken  by  the  motor  cause  an  e.m.f.  to 
be  induced  in  the  field  coils  of  the 
direct-current  machine?  (b)  On  an- 
other occasion  in  the  same  plant,  after 
all  the  apparatus  had  been  pretty  well 
soaked  with  water  due  to  an  accident 
in  the  power  house,  a  water-wheel 
driven  exciter  was  started  up  and,  with 
about  50  volts  showing  on  the  direct- 
current  voltmeter,  the  ground-indi- 
cating lamps  on  the  machine  were 
burning  brilliantly  white,  showing  that 
the  lamps  were  each  getting  some- 
thing like  140  or  150  volts.  The  direct- 
current  voltmeter  was  found  to  be 
O.K.  Can  you  explain  where  the  volt- 
age across  the  lamps  was  coming 
from  ?  The  lamps  were  connected  in 
a  manner  similar  to  those  shown  in 
question   (a).  w.  G.  s.  (canad.\) 

(a)  The  information  given  in  the 
question  is  not  sufficiently  complete  to 
enable  us  to  give  a  complete  answer,  but 
it  is  our  opinion  that  the  following  e.x- 
planation  is  correct.  We  are  unable  to 
see  how  any  abnormal  current  in  the 
motor  winding  could  cause  an  e.m.f.  to 
be  induced  in  the  field  coils  of  the  direct- 
current  machine.  It  is  more  probable 
that  the  break-down  of  the  motor  coils 
found  a  lower  resistance  path  to  ground 
through    the     frame    and    brushholder 
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FIG.  1376(a) 

part  of  the  direct-current  machine  and 
through  the  ground-indicating  lamps. 
We  are  expressing  this  opinion  on  the 
assumption  that  the  motor  generator  set 
is  mounted  on  a  concrete  base  that  is 
fairly  dry  and  has  a  comparatively  high 
resistance.  This  condition  has  been 
found  to  obtain  in  other  installations, 
and  to  avoid  difficulty  in  the  future  we 
would  suggest  grounding  the   frame  of 


the  set  to  some  good  ground  around  the 
power  house,  (b)  There  was  probably 
sufficient  leakage  between  the  voltmeter 
leads  to  prevent  full  voltage  on  the  volt- 
meter, although  the  exciter  itself  was 
delivering  the  voltage.  Otherwise,  the 
lamps  on  the  frame  would  not  have 
lighted  up.  F.  c.  H. 

1369 — Repulsion  Motor — I  am  having 
trouble  with  a  2  hp,  60  cycle,  induction 
repulsion  motor  which  has  had  a  com- 
plete new  winding,  data  being  taken 
from  old  winding.  The  motor  when 
running  has  a  loud  rumbling  noise 
and  sparks  bad  at  the  energy  brushes. 
It  runs  quietly  when  energy  brushes 
are  disconnected,  but  runs  about  2400 
r.p.m.  G.  H.p.  (neb.) 

The  energy  brushes  referred  to  are 
apparently  the  ones  known  as  the  com- 
pensating brushes.  By  lifting  these 
brushes  from  the  commutator  the  motor 
would  run  as  a  repulsion  motor  at  an 
increased  speed  of  from  2400  to  2600 
r.p.m.     By   opening   the    energy   circuit 
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(the  short-circuited  brushes)  the  motor 
would  come  to  a  standstill  unless  there 
is  a  short-circuit  in  the  armature  wind- 
ing. In  this  case,  and  with  the  brushes 
removed,  there  would  be  no  starting 
torque,  but  if  the  motor  were  started  it 
would  run  at  synchronous  speed.  The 
sparking  at  the  brushes  and  rumbling 
noise  would  indicate  over-compensation. 
From  the  diagram  the  bottom  pole  is 
connected  wrong.  The  connection  from 
the  top  pole  should  be  brought  to  the 
small  coil  at  the  center  of  the  pole  in- 
stead of  to  the  outside  pole.  With  the 
connection  as  shown  there  would  be  60 
turns  included  in  the  compensating  cir- 
cuit of  the  bottom  pole  instead  of  33. 
This  would  cause  over-compensation,  or 
too  high  voltage  across  the  compensating 
brushes.  To  correct  this  it  will  be  nec- 
essary to  rewind  the  bottom  pole,  as  by 
changing  connections  the  bottom  pole 
polarity  would  be  reversed.  L.  w.  s. 

1378 — Number  of  Poles — In  changing 
poles  on  a  stator  of  a  wound  second- 
ary induction  motor  do  you  have  to 
change  also  the  poles  on  the  stator  as 
well?  E.  M.  D.  (wash.) 

Yes.  The  number  of  poles  on  the 
rotor  must  always  be  the  same  as  on  the 
stator.  A.  M.  D. 

1379 — Charging  Current — If  unloaded 
transformer  banks  are  connected  to  a 
transmission  line,  will  the  charging 
current  be  reduced  from  the  value  in- 
dicated when  no  transformer  banks 
are  connected?  How  is  this  condition 
allowed  for  when  calculating  charging 
current  on  a  given  transmission  line? 
R.  B.  G.  (calif.) 


If  unloaded  banks  of  transformers  are 
connected  to  a  transmission  line  the 
charging  current  drawn  from  the  gener- 
ators will  be  reduced.  The  reason  for 
this  is  that  the  charging  current  for  a 
transmission  line  is  at  a  low  power- 
factor  leading,  while  the  magnetizing 
current  for  transformers  is  at  a  low 
power-factor  lagging;  consequently,  the 
latter  neutralizes  part  and  sometimes 
practically  all  of  the  former.  In  calcu- 
lating the  regulation  or  current  in  a 
transmission  line  the  magnetizing  cur- 
rent for  the  transformers  should  be  con- 
sidered as  a  constant  loads  at  a  lagging 
power-factor  of  cos.  6,  where  tan.  d  =  true 
iron  loss  -j-  exciting  volt-amperes,    j.  F.  p. 

1380 — Lightning  Arrester  Choke  Coils 

Should  you  consider  that  lightning  ar- 
rester choke  coils  of  either  of  the  fol- 
lowing dimensions,  used  on  a  trolley 
car  and  connected  in  series  with  the 
motor  circuit,  have  sufficient  self- 
induction  to  stop  the  discharge  through 
its  circuit  of  an  induced  lightning 
charge  on  the  trolley  wire ;  Coil  A — 
14  turns,  No.  00  wire  on  a  four-inch 
wood  core;  Coil  B — 9  turns.  No.  6 
wire  on  a  two-inch  wood  core? 

G.  w.  D.  (mass.) 
Coil  A  has  approximately  a  sufficient 
amount  of  inductance  for  street  car  ser- 
vice when  the  lightning  is  not  of  great 
severity,  though  it  would  be  preferable 
to  have  a  coil  of  greater  inductance. 
Coil  B  has  too  little  inductance  to  be  of 
much  value.  We  would  reject  coil  B. 
We  do  not  consider  that  any  coil  would 
entirely  stop  the  passage  of  a  lightning 
discharge.  A  choke  coil  should  be  con- 
sidered as  an  auxiliary  to  a  lightning 
arrester.  A  part  of  an  incoming  light- 
ning surge  would  be  passed  through  the 
coil.  But  with  a  very  much  broader 
wave  front  and  much  reduced  in  volt- 
age, a  part  would  be  absorbed  by  the 
coil,  while  the  main  part  of  the  surge 
would  be  reflected  back  onto  the  line, 
when  it  will  travel  back  and  forth  until 
dissipated  as  PR  losses  on  the  line.  A 
choke  coil  may  be  considered  as  a  bufler 
or  shock  absorber.  The  degree  of  pro- 
tection afforded  by  a  choke  coil  varies 
directly  as  the  inductance  of  the  coil. 

G.  c.  D. 


ADDENDA 


The  following  paragraphs  should  be 
added  to  the  article  by  Mr.  Charles 
Fortescue,  in  the  Journal  for  Septem- 
ber, 1916,  p.  430:^ 

"A  useful  application  of  the  diagram 
is  for  the  determination  of  the  amount 
of  capacitance  required  at  the  end  of  a 
transmission  line  to  maintain  a  constant 
voltage  at  any  given  load  and  power- 
factor.  A  circle  is  drawn  with  O  as 
center  and  radius  corresponding  to  the 
desired  voltage,  and  the  desired  power 
circle  is  also  drawn.  The  power-factor 
circle  passing  through  the  point  of  inter- 
section of  these  two  circles  gives  the  re- 
sultant power-factor  required.  Then  if 
Q  be  the  wattless  component  of  the  load 
to  be  supplied  and  Q,,  that  given  by  the 
diagram  to  maintain  the  required  volt- 
age. Q  —  Qi  will  be  the  condensive  k.v.a. 
required  at  this  point. 

"The  diagram  may  be  used  for  a  bal- 
anced polyphase  transmission  by  consid- 
ering it  as  the  equivalent  of  a  single- 
phase  system  of  one-third  the  rating, 
considering  the  resistance  and  induct- 
ance corresponding  to  that  of  one  wire 
to  neutral  and  the  voltage  corresponding 
to  that  between  one  wire  and  neutral." 
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FINANCIAL     SECTION 


ELECTRIC   RAILWAY 
SECURITIES 

Electric  railway  corporations,  both 
street  and  interurban,  as  well  as  the 
holders  of  their  securities,  are  occupy- 
ing a  much  more  enviable  position  in  the 
financial  world  this  year  than  last.  Last 
year,  in  addition  to  the  loss  in  revenues 
caused  by  a  long-continued  business  de- 
pression which  was  only  just  beginning 
to  show  improvement,  the  electric  rail- 
ways of  the  country  were  in  the  midst 
of  the  jitney  competition,  which  was 
causing  many  companies  large  losses  in 
revenues.  By  the  opening  of  1916  the 
general  business  of  the  country,  espe- 
cially that  of  the  section  east  of  the 
Mississippi,  was  in  the  full  flow  of  pros- 
perity and,  in  addition,  the  end  of  the 
jitney  competition  could  be  seen. 

From  the  start  of  the  jitney  move- 
ment, the  operation  of  motor  cars  at  a 
five-cent  fare  was  seen  by  all  discerning 
men  to  be  an  economic  impossibility, 
and  it  was  predicted  that  wherever  an 
attempt  was  made  to  operate  them  on 
any  long  hauls  there  would  be  a  quick 
decrease  in  their  number,  and  also  that 
regulation,  however  slight,  would  also 
put  them  out  of  business.  For  a  time 
dealers  in  second-hand  cars  and  the 
makers  of  the  cheaper  class  of  motor 
cars  heralded  the  jitney  as  the  deliverer 
of  the  common  people  from  the  tyranny 
of  the  street  railway  and  predicted  that 
within  a  comparatively  short  time  jit- 
neys would  largely  take  the  place  of  the 
electric    street    car.      However,    it    was 
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soon  found  that  the  jitneys  would  oper- 
ate only  in  rush  hours,  when  they  could 
secure  a  full  load  at  once ;  also  that  they 
would  not  operate  in  rainy  days  or  in 
cold,  snowy  weather,  and  that,  whereas 
the  street  cars  operated  steadily  and  on 
a  regular  schedule,  the  jitneys  observed 
only  their  own  will  in  regard  to  sched- 
ules and  routes.  In  addition,  there  was 
at  once  a  great  increase  in  street  acci- 
dents, and  when  the  situation  became 
better  understood  there  was  almost  a 
general  call  for  their  regulation.  With 
regulation  the  jitneys  began  to  disap- 
pear. There  is  not  a  city  today  where 
jitney  regulation  has  been  put  in  effect 
that  they  are  operating,  and  it  is  only  in 
the  cities  and  towns  where  they  are  un- 
regulated that  they  are  now  any  menace 
to  the  revenues  of  the  electric  railways. 
The  high  cost  of  gasoline  and  motor  ac- 
cessories also  affected  the  jitneys,  but  it 
was  regulation  that  put  them  out  of 
business.  As  soon  as  they  had  to  ob- 
serve regular  routes  and  schedules,  cease 
piling  passengers  on  running  boards  and 
fenders  and  were  compelled  in  other  re- 
spects to  operate  at  least  to  some  ex- 
tent on  the  same  basis  as  the  street  rail- 
ways they  disappeared  from  the  streets. 
In  Los  Angeles,  San  Francisco,  Port- 
land, Seattle  and  a  few  other  Pacific 
Coast  cities,  as  well  as  in  a  few  New 
England  towns,  they  are  still  a  factor  in 
urban  transportation,  but  already  their 
decline  is  being  seen  in  several  of  these 
places  where  there  is  some  slight  at- 
tempt being  made  at  regulation.  How 
much  the  jitney  invasion  cost  the  elec- 
tric railways  of  the  country  in  actual 
loss  in  revenues  in  the  short  time  they 
were  in  general  operation  probably  will 
never  be  known,  but  this  was  but  small 
in  comparison  with  the  loss  to  investors 
by  the  decline  in  street  railway  securi- 
ties, and  to  the  companies  in  the  high 
price  the  latter  had  to  pay  for  new  cap- 
ital in  the  period  the  invasion  lasted. 
Many  frightened  investors  threw  over- 
board at  panic  prices  their  street  rail- 
way securities,  despite  the  assurances 
from  the  best  electric  railway  operators 
of  the  country  that  the  competition 
could  not  last.  By  reason  of  the  largely 
decreased  price  of  their  securities  the 
companies  were  obliged  to  borrow 
money  on  short  time  and  at  high  rates, 
thus  further  adding  to  their  losses. 
Now,  however,  the  jitney  competition 
may  be  definitelj'  said  to  have  ended 
and,  while  they  still  exist  in  a  few  cities, 
their  reign  in  these  can  be  but  short  at 
the  most  and  only  until  regulation  places 
them  under  such  control  as  other  com- 
mon carriers. 

In  the  past  year  there  has  been  a  good 
recovery  in  the  prices  of  street  and  in- 
terurban railway  securities  and,  while 
these  companies  are  not  showing  such 
large  average  gains  in  revenues  as  the 
electric  light  and  power  companies, 
their  increases  in  revenues  are  most 
gratifying  to  the  men  who  have  never 
lost  faith  in  the  future  of  the  electric 
railway  industry. 

How  large  the  electric  railway  indus- 
try of  the  country  really  is  has  probably 
not  been  fully  realized  by  the  majority 
of  people,  even  those  directly  interested 
in  its  operation.  The  latest  available 
figures  place  the  total  capital  invested  in 


the  electric  railways  of  the  country  in 
excess  of  $5363000000,  of  which  50  per- 
cent is  devoted  to  actual  operation  of 
the  street  railway  lines  and  50  percent 
to  power  generation,  distribution  and 
application.  The  electric  railways  of 
the  country  have  annual  operating  reve- 
nues of  more  than  $700000000  a  year 
and  give  employment  to  more  than 
330  000  men.  In  addition,  there  are 
electrified  steam  lines  with  investments 
of  more  than  $200000000  and  employ- 
ing more  than  15  000  men  on  their  elec- 
trified divisions. 

Improvement  in  the  revenues  of  the 
electric  street  and  interurban  railways  of 
the  country  began  in  the  last  half  of 
igiS  and  has  been  steadily  continuing 
since  then.  At  present,  from  available 
statistics  and  returns  from  lines  in  all 
sections  of  the  country,  it  is  probable 
that  operating  revenues  of  the  compa- 
nies are  averaging  an  increase  of  ten 
percent  over  corresponding  period  of 
191 5,  while  net  operating  revenues  are 
increasing  at  an  average  rate  of  be- 
tween 13  and  14  percent.  The  largest 
gains  are  being  made  in  the  section  of 
the  country  east  of  the  Mississippi  and 
north  of  the  Ohio  river,  while  the  sec- 
tion east  of  the  Mississippi  and  south 
of  the  Ohio  is  also  showing  quite  satis- 
factory increases.  Because  of  the  jit- 
ney competition  still  existing  on  the  Pa- 
cific Coast,  and  also  because  general 
business  conditions  began  to  improve  at 
a  later  date  in  that  section,  the  western 
division   of  the  country  is  not   showing 
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as  large  gains,  the  average  probably 
being  around  five  percent  in  gross,  with 
net  running  but  slightly  above  that  of  a 
year  ago.  What  this  improvement  in 
revenues  means  to  the  electric  railways 
of  the  country  may  be  seen  when  it  is 
stated  that  1915  was  the  worst  year  in  a 
long  period,  when  earnings  of  the  elec- 
tric railway  lines  are  taken  into  consia- 
eration.  It  was  the  first  year  in  the 
history  of  the  industry  in  which  a  de- 
crease in  both  gross  and  net  revenues 
of  the  electric  railways  of  the  country 
was  shown  over  the  preceding  year. 
These  decreases  were  small  when  com- 
pared with  revenues  for  1914,  in  which, 
while   a  gain   in   gross   was   made   over 

1913,  reported  a  slight  decrease  in  net 
compared  with  that  year.  Of  272  elec- 
tric railway  companies  reporting  for 
1915,  with  total  gross  of  $513967674, 
compared  with  $514028402  in  1914, 
there  were  148  which  reported  decreases 
totaling  $10726907,  while  net  revenues 
of  the  272  companies  were  $194  893  975 
in    1915,   compared   with   $196921712   in 

1914,  a  decrease  of  $2027737,  or  1.03 
percent.  Of  the  272  companies  there 
were  131  reporting  decreases  in  net  reve- 
nues, these  totaling  $10937946.  How- 
ever, this  showing  will  not  be  repeated 
in  1916,  as  enough  is  already  known  of 
the  year's  operation  to  make  it  certain 
that  the  electric  railways  of  the  country 
will  show  good  gains  in  both  gross  and 
net  over  1915  and  probably  will  report 
the  largest  total  earnings  of  any  year  in 
the  history  of  the  industry. 

This  rapid  recovery  in  earning  power 
has  resulted  in  a  much  more  favorable 
outlook  for  electric  railway  securities, 
and  within  the  last  six  months  both  the 
demand  and  the  price  for  these  have 
been  improving.  The  investors  who  held 
to  their  electric  railway  investments 
through  the  dark  days  of  the  last  half  of 
1914  and  the  first  half  of  1915  now  know 
that  they  made  no  mistake  in  refusing 
to  sacrifice  their  holdings,  and  the  men 
who  bought  street  railway  securities  at 
their  low  prices  in  that  period  now  have 
handsome  profits  to  show  as  the  result 
of  their  faith  in  the  future  of  the  in- 
dustry. 

The  prices  of  the  securities  of  many 
electric  railway  companies.  Iiowever, 
have  failed  as  yet  to  reflect  the  great 
advance  in  the  earning  power  of  the  is- 
suing companies,  and  in  these  securities 
may  be  found  some  great  opportunities 
for  the  discriminating  investor.  There 
are  a  number  of  electric  street  and  in- 
terurban  railway  securities  which  are 
still  selling  at  low  prices.  While  they 
were  issued  by  companies  of  high  earn- 
ing power  and  with  good  credit,  as  yet 
the  market  has  not  realized  how  great  a 
security  there  is  behind  a  number  of 
these  issues.  The  very  fact  that,  with 
but  few  exceptions,  the  electric  railways 
of  the  country  passed  through  the  most 
trying  period  of  their  history  without 
disaster,  should  give  additional  strength 
to  their  bonds  especially.  Of  course, 
there  were  some  fatalities  among  a  few 
of  the  weaker  corporations,  but  in  every 
instance  the  companies  were  either  im- 
properly financed  or  improperly  handled 


from  an  operating  viewpoint  and  not 
prepared  for  a  storm  of  any  magnitude. 
The  companies  which  have  been 
tested  by  the  last  two  years  and  have 
come  through  with  unimpaired  and  now 
steadily  increasing  earning  power  and 
with  good  credit  have  a  right  to  ask  for 
the  confidence  of  the  investors  of  the 
country.  There  are  still  many  problems 
before  the  electric  railway  financiers 
and  operators  of  the  United  States,  but 
these  are  being  worked  out,  and  from 
now  on  there  should  be  a  growing  pros- 
perity among  these  companies  and  a 
steady  growth  in  the  market  position  of 
their  securities.  With  steadil)'  increas- 
ing revenues,  with  the  general  regula- 
tion of  jitneys  and,  for  this  reason,  their 
practical  disappearance  as  factor  in 
urban  transportation,  with  increasing 
credit  in  security  markets,  with  ability 
to  secure  capital  on  lower  and  easier 
terms,  and  with  improvements  in  meth- 
ods of  transportation  which  are  now 
being  worked  out,  securities  of  electric 
railway  corporations  must  again  become 
popular.  It  will  take  some  time  to  over- 
come all  the  ill  effects  of  the  last  three 
years,  but  we  firmly  believe  that  the  in- 
vestor who  makes  a  discriminating  se- 
lection of  electric  railway  securities  at 
their  present  prices  will  find  within  a 
few  years  that  he  has  not  only  been  re- 
ceiving a  good  rate  of  income  on  his  in- 
vested capital,  but  at  the  same  time  will 
see  that  capital  largely  increased  by  the 
enhancement  in  the  market  value  of  his 
holdings. 


WHY  ELECTRIC  PLANT  E.\RN- 

ING  POWER  HAS  GROWN 
With  many  of  the  smaller  electric 
generating  and  distributing  companies 
of  the  country  showing  gains  in  earn- 
ings from  light  and  power  sales  run- 
ning from  30  to  50  percent  over  a  year 
ago,  it  is  being  asked  by  investors  not 
familiar  with  the  causes  for  the  rapid 
increase  in  business  of  these  properties 
how  such  a  showing  is  possible.  Many 
of  these  investors  have  the  idea  that  the 
growth  of  earning  power  in  this  class 
of  properties  should  be  largely  in  line 
with  the  increase  in  population,  forget- 
ting the  many  new  uses  for  electric  cur- 
rent being  found  almost  daily,  and  also 
that  the  more  progressive  companies 
have  been  putting  into  effect  extremely 
active  campaigns  for  new  business.  As 
showing  how  revenues  of  these  compa- 
nies have  been  gaining,  one  of  the  latest 
combinations  of  several  independently 
operated  plants  may  be  taken  as  an  ex- 
ample, it  also  being  of  interest  as  one 
of  the  newer  subsidiaries  of  Cities  Ser- 
vice Company.  In  1912  the  three  sep- 
arate plants  serving  Elyria,  O.,  were 
acquired  by  this  organization  and  these, 
with  others,  have  been  combined  to 
make  up  the  Lorain  County  Electric 
Company,  serving  electric  current  to 
Elyria  and  Lorain,  O.,  and  three  smaller 
communities.  Lorain  now  has  a  popula- 
tion of  35  000,  having  increased  from 
5000  in  1890,  while  Elyria  has  22  000,  an 
increase  from  14  500  in  1910.  Before 
the  consolidation  of  the  separately-oper- 
ated properties  almost  all  the  large  power 
users    had    installed    their    own    electric 


plants  because  of  the  inability  of  the 
local  companies  to  furnish  an  adequate 
amount  of  power.  In  1913  there  was 
but  1000  kilowatts  capacity  in  the  plants ; 
in  1913  this  was  increased  to  3500  kilo- 
watts, with  a  further  increase  of  7500 
kilowatts  in  191 5,  and  by  the  end  of  this 
year  the  central  generating  station  will 
have  14000  kilowatts  capacity.  Central- 
ization of  management  and  generation 
of  energy  has  resulted  in  an  average  de- 
crease of  30  percent  in  the  cost  of  cur- 
rent for  both  light  and  power  to  the 
consumers.  The  number  of  customers 
has  more  than  doubled  and,  for  the  year 
ended  July  31,  1916,  sales  of  current  to- 
taled 1 1  505  908  kw-hrs.  compared  with 
7044817  kw-hrs.  in  the  12  months  ended 
July  31,  1915,  a  gain  of  more  than  63  per- 
cent in  the  year.  As  soon  as  the  cen- 
tralization of  power  supply  was  com- 
pleted the  company  began  a  campaign 
for  the  business  of  the  industrial  com- 
panies which  had  their  own  generating 
plants,  and  much  progress  has  been  made 
in  this.  Some  of  the  largest  consumers 
of  the  company  are  the  Baltimore  & 
Ohio  Railroad,  taking  3600  horse-power, 
and  the  Elyria  factory  of  the  Willys- 
Overland,  taking  3000  horse-power. 
The  record  of  this  company  operating  in 
several  small  industrial  communities 
shows  graphically  how  similar  compa- 
nies are  able  to  show  such  large  gains 
in  revenues,  and  the  men  most  familiar 
with  the  electric  generating  and  distri- 
bution business  say  that  the  progress 
made  in  the  last  two  years  is  only  a 
slight  indication  of  the  much  greater 
l)rogress  that  will  be  made  in  the  com- 
ing five  years. 


GROWTH  IN  CENTRAL  STATION 
BUSINESS 

Engineers  of  central  station  light  and 
power  companies  are  predicting  the 
greatest  era  of  expansion  within  the 
next  two  years  in  the  history  of  these 
companies.  These  men  say  that  be- 
cause of  the  developments  now  going  on 
in  the  progress  of  electric  heating  that, 
where  in  small  manufacturing  towns 
5000  kilowatts  generating  capacity  in  a 
central  station  is  considered  ample,  it 
will  not  be  long  until  the  same  towns 
will  require  from  20000  to  25000  kilo- 
watts generating  capacity. 

The  electric  furnace  now  seems  to  be 
coming  into  its  own.  and  in  1916  the 
United  States  came  into  first  place  in 
the  countries  of  the  world  in  the  num- 
ber and  size  of  these  furnaces  in  use, 
and  their  installation  is  only  in  its  in- 
fancy as  yet.  One  of  the  largest  brass 
and  copper  melting  and  rolling  plants  in 
the  country  is  preparing  to  entirely 
abandon  the  use  of  coal  as  fuel  and  to 
install  electric  furnaces  instead. 

The  central  station  industry,  which 
almost  since  its  organization  has  been 
largely  a  domestic  proposition  serving 
light  and  domestic  and  commercial 
power,  now  appears  at  last  to  be  com- 
ing into  its  own  in  the  industrial  field, 
and  men  close  to  the  industry  expect 
that  in  the  next  few  years  there  will  be 
the  greatest  growth  ever  recorded  in 
the  central  station  generating  and  dis- 
trilnitinc  industrv. 
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AMERICAN   ELECTRIC   RAILWAY 

ASSOCIATION   ANNUAL 

CONVENTION 

The  thirty-fifth  annual  convention  of 
the  American  Electric  Railway  Associa- 
tion will  be  held  on  Young's  Million- 
Dollar  Pier  at  Atlantic  City,  October 
9-13.  Present  indications  are  that  this 
meeting  will  be  an  especially  important 
and  well-attended  one.  The  convention 
program  as  announced  is  as  follows : — 

Monday,  October  9  —  9:30  a.  m.  to 
12:30  p.  M. — Registration  and  distribu- 
tion of  badges. 

2  TO  5  p.  M. — Annual  addresses  of 
presidents,  annual  reports  of  executive 
committees,  annual  reports  of  secretary- 
treasurers,  appointments  of  convention 
committees  of  Transportation  and  Traf- 
fic Association,  Engineering  Association, 
Accountants  Association  and  Claims  As- 
sociation. 

Reports  of  Committees — (a)  Stand- 
ards, (b)  Construction  of  Schedules  and 
Time  Tables. 

Paper  —  "Development  of  Schedule 
Makers,"  H.  E.  Donecker  (T.  &  T.) 

Reports  of  Committees — (a)  Power 
Distribution,  (b)  Standards,  (c)  Spe- 
cial Sub-Committee  on  Stranding  Cables 
(Engineering) . 

Paper  —  "The  Statistician,"  W.  E. 
Jones.  Reports  of  Committees — (a)  Ac- 
counting Definitions,  (b)  Standard 
Classification  of  Accounts,  (c)  Repre- 
senting Association  at  Convention  of 
Railroad  Commissioners  {Accountants) . 
Paper — "Commission  Valuation  of  Pub- 
lice  Service  Properties  for  Purposes  of 
Rate  Regulation,"  John  E.  Benton  (Ac- 
countants). 

Reports  of  Committees — (a)  Employ- 
ment, (b)  Ways  and  Means  (Claims). 

Paper  —  "Workmen's  Compensation 
Account,"  Roy  C.  Green  and  L.  S.  Hofif- 
man    (Claims). 

4:30  TO  5  p.  M. — Report  of  Committee 
on  Claims — Transportation  (T.  &  T. 
and  Claims) . 

Tuesday,  October  10 — 9:30  a.  m. — 
Annual  addresses  of  presidents,  reports 
of  executive  committees,  reports  of  sec- 
retary-treasurers. Appointment  of  com- 
mittees on  resolutions,  nominations,  on 
president's  recommendations.  Reports 
of  Committees — (a)  Convention,  (b) 
Education.  Addresses — "Electric  Rail- 
ways and  Preparedness" — (a)  Maj.  Gen. 
Leonard  A.  Wood,  (b)  Capt.  S.  E.  Em- 
bick.  Reports  of  Committees — (c)  Rep- 
resenting Association  American  Good 
Roads  Congress,  (d)  National  Joint 
Committee  on  Overhead  and  Under- 
ground Line  Construction,  (e)  Company 
Membership,  (f)  Valuation.  Paper— 
"Unit  Costs  and  Overhead  Charges." 
Reports  of  Committees  —  (g)  Federal 
Relations,  (h)  Compensations  for  Car- 
rying United  States  Mail  (American). 

Tuesday,  October  10 — 2  to  3:30  p.  xi. 
— Reports  of  Committees — (a)  Engi- 
neering— Accounting,  (b)  Life  of  Rail- 
way Physical  Property  (Engineering 
and  Accounting) . 

Reports  of  Committees — (a)  Passen- 
ger Traffic,  (b)  Uniform  Definitions. 
Paper — "Training  Men  for  Supervision 
and  Executive  Positions,"  L.  C.  Bradlev 
(T.  &  T.) 

3:30  TO  5  P.  .M.— Address — "Commis- 
sion Accounting  Inconsistencies,"  H.  A. 
Dunn.  Paper— "The  Federal  Census  of 
the  Electrical  Industries,"  W.  K.  Stew- 
art (Accounting). 


Reports  of  Committees  —  (a)  Block 
Signals,  (b)  Transportation — Engineer- 
ing, (c)  Standards  (T.  &  T.  and  Engi- 
neering). 

Paper  —  "Near-Side  Stop,"  John  J. 
Rennels  and  S.  B.  Hare  (Claims). 

Wednesday,  October  ii — 9:30  a.  m, — 
Reports  of  Committees  —  (a)  Elec- 
trolysis, (b)  Company  Sections  and  In- 
dividual Memberships,  (c)  Award  of 
Company  Section  Medal,  (d)  Conditions 
of  Awarding  Brady  Medal,  (e)  Public 
Relations.  Address.  "Publicity,"  Ivy 
L.  Lee.  Reports  of  Committees — (f) 
AER.\  Advisory  Board,  (g)  Changes  in 
Constitution  and  By-Laws,  (h)  Opera- 
tion of  Motor  Vehicles,  (i)  Insurance, 
(j)  Standards  for  Car  Loading,  (k) 
Street  Traffic   (American). 

Wednesday,  October  ii — 2  to  5  p.  m. 
— Reports  of  Committees — (a)  Cost  of 
Rush-Hour  Service,  (b)  Fares  and 
Transfers.  Prepayment  Systems — Dis- 
cussion. Report  of  Committee  —  (a) 
Express  and  Freight  Traffic  (T.  &■  T. 
and  Accounting) . 

Reports  of  Committees — (a)  Power 
Generation,  (b)  Standards,  (c)  Way 
Matters   (Engineering). 

Paper  —  "Automobile  Accidents  and 
Traffic  Regulations,"  H.  G.  Winsor  and 
.A..  G.  Brown   (Claims). 

Thursday,  October  12 — 9:30  a.  m. — 
Report  of  Committee — (a")  Taxation 
Matters.  .Address — "The  Physical  De- 
velopment of  Electric  Railways."  Frank 
T.  Sprague.  Address — "The  Financial 
Development  of  Electric  Railways,"  A. 
B.  Leach.  Renorts  of  Convention  Com- 
mittees—  (a)  President's  Message,  (h^ 
Resolutions.  Cc)  Nomination.  Election 
and  Installation  of  Officers  (American). 

Thitrsdav.  October  12 — 2  to  s  p.  m. — 
Reports  of  Committees — fa)  Claims — 
.Accounting   ( .Accouutinn  and  Clai-"s). 

.Address— "The  Part  Which  Acconnt- 
inpr  has  nlaved  in  the  Development  of 
Modern  Tndustrv."  J.  R.  Wildman.  -Ad- 
dress— "Some  National  Issues  in  Local 
Straet  Railwav  Franchises,"  C.  L.  King. 
Reports  of  Committees — (a)  Resolu- 
tions, fb")  Nomination  and  Election  of 
Officers   ( .Accounting). 

Report  of  Committee  —  fa")  Rules. 
Companv  Publications — fa')  Their  LTse 
and  Value,  fb")  Their  Preparation  and 
Publication   (T.  S-  T.) 

Reports  of  Committees — fa")  Equip- 
ment, fb")  Standards.  Buildings  and 
Structures.  Paper — "The  Lighting  of 
Cars"    (Enninccrina). 

Paner— "Claim  Work."  E.  P.  Walsh 
and  C.  G.  Rice  (Claims). 

Friday.  October  1.3 — 2  to  ^  p.  m. — Re- 
ports of  Committees — fa)  Heavv  Elec- 
tric Traction,  (h)  Standards,  fc")  Elec- 
trolysis. Election  and  Installation  of 
Officers   (Engineering). 


PERSONALS 


Mr.  Peter  Junkersfeld,  assistant  to  the 
vice  president  of  the  Commonwealth 
Edison  Company,  Chicago,  was  elected 
president  of  the  Association  of  Edison 
Illuminating  Companies  at  its  thirty- 
seventh  annual  convention  at  Hot 
Springs,  Va.,  September  4-7. 


Mr.  L.  H,  Haight.  of  the  New  York 
district  office  of  the  Westinghouse  Elec- 
tric &  Mfg.  Company,  has  resigned  and 
accepted  a  position  in  the  New  York 
sales  office  of  the  Ward-Leonard  Elec- 
tric Company,  of  Alount  A''ernon,  N.  Y. 


Mr.  Arthur  J.  Sweet,  well  known  as 
an  illuminating  engineer  and  who  for 
several  years  has  been  a  member  of  the 
consulting  engineering  firm  of  Vaughn, 
Meyer  &  Sweet,  will  conduct  a  general 
consulting  engineering  business  in  steam 
and  electrical  engineering,  as  well  as  in 
liis  specialtj^  of  illumination,  with  offices 
in  the  Palace  Theater  building,  Milwau- 
kee, Wis. 


Mr.  Samuel  Insull,  president  of  the 
Commonwealth  Edison  Company,  Chi- 
cago, has  been  elected  chairman  of  the 
l)oard  of  directors  of  the  reorganized 
Chicago  &  Milwaukee  Electric  Railway 
Company,  which  is  to  be  known  here- 
after as  the  Chicago,  North  Shore  & 
Milwaukee  Railway  Company. 


Messrs.  F.  B,  H.  Paine,  William  Mc- 
Clellan  and  H.  T.  Campion  have  formed 
a  consulting  engineering  partnership 
under  the  firm  name  of  Paine,  Mc- 
Clellan  &  Campion,  with  offices  at  25 
Church  street.  New  York,  and  1420 
Chestnut  street,  Philadelphia. 


Mr.  C.  E.  Skinner,  in  charge  of  the 
research  engineering  department  of  the 
Westinghouse  Electric  &  Mfg.  Com- 
pany, has  been  appointed  a  member  of 
the  Edison  Medal  Committee  by  the 
.\merican  Institute  of  Electrical  Engi- 
neers. 


Mr.  W.  F.  Kleine,  of  the  New  York 
district  office  of  the  Westinghouse  Elec- 
tric &  Mfg.  Company,  has  resigned  to 
accept  a  position  in  the  New  York  sales 
office  of  the  Northwestern  Electric 
Equipment  Companj'. 


Mr.  W.  P.  Allen,  inspector  of  signals 
of  the  Pennsylvania  Railroad,  resigned 
to  accept  the  appointment  as  resident 
manager  of  the  New  York  office  of  the 
Union  Switch  &  Signal  Company. 


Mr.  Walter  N.  Wamsley,  formerly 
general  manger  of  the  Sao  Paulo  Tram- 
way, Light  &  Power  Company,  has  been 
appointed  general  manager  of  the  Ala- 
bama Power  Company. 


Mr.  Edgar  A.  Loew,  assistant  pro- 
fessor of  electrical  engineering  at  the 
LTniversity  of  Washington,  Seattle,  has 
been  promoted  to  an  associate  professor- 
ship. 


Mr.  Roy  E.  Schaulin,  formerly  of  the 
Westinghouse  Lamp  Company  and  for 
the  past  three  years  a  member  of  the 
business  staff  of  the  Electrical  World, 
has  resigned  to  accept  the  position  as 
manager  of  the  New  York  office  of  the 
Franklin  Electric  Mfg.  Company,  of 
Hartford,  Conn. 


Mr.  H.  P.  Williamson,  of  the  Robert- 
son-Cataract Company,  of  Buffalo,  N. 
Y.,  has  resigned  to  become  connected 
with  the  Chicago  district  office  of  the 
Westinghouse  Electric  &  Mfg.  Company. 


Mr.  Wesley  C.  Picker,  of  the  com- 
mercial training  department  of  the 
Westinghouse  Electric  &  Mfg.  Com- 
pany, East  Pittsburgh,  has  accepted  a 
position  with  the  Detroit  district  office 
of  the  company. 


Mr.  Guy  L.  Bayley,  who  was  chief  of 
the  mechanical  and  electrical  depart- 
ments   of    the    Panama-Pacific    Interna- 
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tional  Exposition,  has  opened  an  office 
as  consulting  engineer  in  the  First  Na- 
tional Bank  building,  San  Francisco. 
Mr.  Bayley  is  at  present  engaged  in 
building  an  hydroelectric  plant  for  the 
Department  of  the  Interior  in  the  Yose- 
mite  Valley  on  the  Merced  river. 


Mr.  N.  M.  Overall,  of  the  Houston 
(Tex.)  office  of  the  Westinghouse  Elec- 
tric &  Mfg.  Company,  is  now  located  at 
the  Pittsburgh  district  office  of  the  com- 
pany. 


Mr.  Trygve  D.  Yensen,  formerly  of 
the  engineering  experimenting  station  of 
the  University  of  Illinois,  has  accepted  a 
position  in  the  research  department  of 
the  Westinghouse  Electric  &  Mfg.  Com- 
pany at  its  East  Pittsburgh  virorks. 

The  article  by  Mr.  David  Hall  on 
"The  Compensated  Generator,"  which 
appeared  in  the  Journal  for  August,  is 
reprinted  in  The  Practical  Engineer  for 
September  15,  1916. 


The  editorial  entitled  "Silent  Ineffici- 
ency," published  originally  in  the  Jour- 
nal for  July,  1916,  appears  as  an  edi- 
torial in  The  Isolated  Plant  for  Septem- 
ber, 1916. 


NEW  GROUNDING  DEVICES 

A  new  grounding  device  has  been 
placed  on  the  market  by  Hickey  & 
Schneider,  61  Broadway,  New  York, 
called  the  Burn-Boston  carbon  ground. 
This  is  composed  of  a  solid  carbon  elec- 
trode which  is  non-porous  and  is  sur- 
rounded by  a  carbonaceous  mixture 
which  is  porous  and  moisture-absorbing. 
The  grounding  device  is  in  the  shape  of 
a  long  upright  cone,  so  that  the  pressure 
of  the  earth  will  compact  closely  against 
it.  At  the  top  is  a  copper  lug  for  con- 
nection to  the  circuit.  It  is  claimed  that 
this  form  of  grounding  cone  eliminates 
entirely  electrolysis,  which  is  one  of  the 
causes  of  deterioration  in  many  forms 
of  grounding  devices.  As  a  ground 
which  is  ineffective  is  worse  than  use- 
less, the  importance  of  this  new  devel- 
opment is  evident.  The  fact  that  these 
grounds  are  placed  on  the  market  to  sell 
at  $1.50  each  should  also  be  attractive  to 
operating  companies. 


ORDER  FOR  LARGE  TURBINE 

A  20  000  kw,  1 1  000  volt,  25  cycle  tur- 
bine unit  complete  with  a  24000  sq.  ft. 
surface  condenser  and  auxiliaries  has 
recently  been  ordered  by  the  Pennsyl- 
vania Railroad  from  the  \\estinghouse 
Electric  &  Mfg.  Company,  of  East 
Pittsburgh,  Pa.  This  turbine  is  for  in- 
stallation in  the  railroad's  Long  Island 
City  power  house,  which  supplies  power 
for  the  operation  of  the  Pennsylvania 
Terminal  and  the  Long  Island  Railroad. 


INSULATING  CABLES  WITH  CON- 
DUCELL  AND  CONDULINE 

The  Condttcell  method  of  insulating 
cable  joints  in  underground  distribution 
systems  by  the  use  of  factory-formed  in- 
sulation, in  conjunction  with  the  Condu- 
line  filling  compound,  as  described  in 
the  two  latest  bulletins  of  the  Mica  In- 
sulator Company  of  New  York  and  Chi- 
cago, has  many  unique  features.  It 
eliminates  uncertainties  as  to  the  dielec- 
tric quality  of  the  joint  and  makes  it  as 
dependable  as  the  cable  itself.  The 
Conducell  method  consists  of  placing 
the  factory-formed  insulation,  requiring 


only  mechanical  assembly,  between  and 
around  the  conductors,  and  leaves  no 
choice  to  the  workman  as  to  thickness 
and  relative  location  of  the  parts.  The 
Conducell  insulators  are  made  of  mican- 
ite  in  various  sizes  to  suit  all  cables. 
Conduline  is  a  special  compound  used 
with  the  Conducell  process  for  filling 
and  sealing  the  joints  of  cables  after  the 
Conducell  units  are  placed  on  the  cable 
joints.  The  peculiar  characteristic  of 
this  compound  with  respect  to  viscosity 
and  hardness  in  relation  to  temperature 
makes  it  an  ideal  joint-filling  substance. 
Bulletins  describing  this  new  method 
may  be  obtained  by  addressing  the  Mica 
Insulator  Company,  68  Church  street. 
New  York  City. 


ELECTRICAL  ATTACHMENT  FOR 
OIL  LAMPS 

.\n  interesting  and  rather  unusual  de- 
vice is  the  No.  5403  oil  lamp  attachment 
which  is  shown  herewith  mounted  in  a 
Rochester  burner  and  which  is  adapted 
for  use  with  any  type  of  oil  lamp  hav- 
ing a  common  burner  either  of  the  flat 
wick  or  central  burner  type.  As  shown, 
the  attachment  can  be  sprung  down   in 


on,   LAMP   ATTACHMENT 

the  same  manner  as  the  lamp  chimney 
and  current  taken  from  any  nearby 
socket  or  receptacle,  thus  converting  the 
oil  lamp  to  an  electric  lamp.  If  so  de- 
sired, the  lamp  may  be  immediately  con- 
verted back  for  use  with  oil,  as  the  at- 
tachment of  the  device  does  not  inter- 
fere in  any  way,  it  is  stated,  nor  are 
tools  required  to  attach  or  detach.  It  is 
provided  with  seven  feet  of  cord  and  a 
new  style  porcelain  attachment  plug 
which  was  recently  described  in  these 
columns.  The  device  has  been  brought 
out  by  Harvey  Hubbell,  Inc.,  Bridgeport, 
Conn. 


THE  ELECTRICAL  POSTER 
EXHIBITION 

Under  the  auspices  of  the  Pittsburgh 
Advertising  Club  and  through  the  cour- 
tesy of  the  Carnegie  Institute  of  Tech- 
nology, the  two  hundred  drawings  sub- 
mitted by  artists  all  over  the  country  in 
the  recent  poster  exhibition  held  by  the 
Society  for  Electrical  Development,  Inc., 
of  New  York  City,  will  be  exhibited  for 
one  week,  in  the  early  part  of  Novem- 
ber, at  the  Carnegie  Institute  of  Tech- 


nology, Pittsburgh.  L'nusual  interest 
has  been  shown  throughout  the  country 
in  this  traveling  exhibit,  it  having  been 
or  will  be  shown  in  Boston,  New  York, 
Philadelphia,  Atlantic  City,  Baltimore, 
Milwaukee,  Cincinnati,  Cleveland  and, 
after  the  Pittsburgh  exhibition,  in  other 
cities,  there  being  many  requests  for  it. 
Anyone  interested  in  the  advertising  and 
sales  department  of  electrical  concerns 
should  make  it  a  point  to  see  these 
posters,  many  of  which  were  drawn  by 
the  best  commercial  artists  in  the  coun- 
try. Invitations  will  be  sent  to  all  or- 
ganizations interested  in  electrical  devel- 
opment in  the  Pittsburgh  district  as  soon 
as  the  date  has  been  definitely  fixed.  The 
committe  in  charge  of  the  exhibition  is 
R.  L.  Forsythe,  Sherman  Smith,  G.  B. 
Martin  and  H.  R.  Fielding  and  H.  L. 
Gage,  Director  of  the  Department  of 
Printing,  Carnegie  Institute  of  Tech- 
nology. J.  Tyrone  Kelly  is  chairman  of 
the  Poster  Committee  for  the  Society 
for  Electrical  Development,  Inc. 


NEW  BOOKS 


"Steam  Power"— C.  F.  Hirshfeld  and  T. 
C.  Ulbricht.  420  pages,  232  illustra- 
tions. Published  by  John  Wiley  & 
Sons,  New  York  City.  Price  $2.00. 
This  is  one  of  the  Wiley  technical 
series  of  books  for  vocational  schools 
and  is  an  attempt  to  collect  in  a  compar- 
atively small  book  such  information  re- 
garding steam  power  as  should  be  fa- 
miliar to  engineers  whose  work  does  not 
require  that  they  be  conversant  with 
thermodynamic  principles.  Mathematic 
treatments  have  been  eliminated  to  the 
greatest  possible  extent,  only  elementary 
algebra  being  used.  Beginning  with  a 
chapter  on  heat-power  and  on  steam, 
discussions  are  given  on  the  ideal  steam 
engine,  the  entropy  diagram,  the  real 
steam  engine  with  detail  illustrations  of 
parts,  the  indicator  diagram  and  its  use, 
compounding,  high  -  efficiency  engines, 
regulation,  a  short  discussion  of  the 
steam  turbine,  also  of  condensers  and 
related  apparatus.  The  subject  of  com- 
bustion is  given  considerable  attention, 
also  fuels,  steam  boilers,  the  latter  sec- 
tion being  profusely  illustrated  with 
typical  boiler  layouts.  The  final  chapters 
are  devoted  to  the  recovery  of  waste 
heat,  boiler  feed  pumps  and  auxiliaries. 


"Electrical  Motors,  Direct  and  Alter- 
nating" —  David  Penn  Morton.  241 
pages;  115  illustrations.  Published  by 
Frederick  J.  Drake  S:  Co.,  Chicago. 
Price  $1.00. 

This  book  is  prepared  particularly  for 
the  practical  man.  The  first  three  chap- 
ters treat  the  fundamental  principles  of 
electric  and  magnetic  circuits.  The  com- 
mon methods  of  measuring  current, 
pressure,  resistance  and  power  are  ex- 
plained in  Chapter  IV.  Chapters  V  and 
IX  are  devoted  to  armature  windings, 
particular  attention  being  given  to  de- 
fining common  terms.  Chapters  VI,  VII 
and  VIII  are  devoted  to  the  different 
types  of  direct-current  motors,  their 
characteristics,  repair,  etc.  Chapters  X, 
XI  and  XII  are  devoted  to  the  different 
types  of  alternating-current  motors,  the 
discussion  being  given  along  the  same 
general  lines  as  for  direct-current 
motors.  \  number  of  examples,  with 
their  solutions,  are  given  throughout  the 
book  to  illustrate  the  application  of 
working  principles  and  to  assist  the 
reader  in  getting  a  clear  understanding 
of  the  subject. 
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Steel  Mill 
Electrification 


Motor  drive  for  the  main  rolls  of  steel 
mills  was  first  used  in  this  country 
about  ten  years  ago,  and  for  a  period 
of  eight  years  the  number  of  installations  per  year  aver- 
aged 25  units,  totaling  33  750  horse-power,  including  300 
horse-power  motors  and  larger.  During  the  last  two 
years  the  number  of  installations  has  increased  very 
rapidly,  including  approximately  125  units,  totaling 
265  000  horse-power,  which  represents  an  addition  of 
more  than  65  percent  of  the  drives  installed  from  1906 
to  1914.  The  demonstrated  advantages  of  motor  drive 
which  the  several  years  of  experience  has  made  positive 
and  convincing  are  thus  rapidly  leading  to  its  universal 
adoption  in  mill  work. 

A  further  analysis,  with  respect  to  reversing  mills, 
gives  very  substantial  evidence  of  the  exceptional  ad- 
vantages of  motor  drive  for  this  particular  type  of  mill. 
More  than  seventy-five  percent  of  the  new  blooming 
mills  added  during  191 5  and  1916  are  designed  for 
motor  drive.  Other  types,  such  as  universal  plate 
mills,  structural  mills,  billet  mills  and  flat  mills,  are  in- 
cluded in  the  list  of  reversing  equipments,  totaling  12 
units. 

There  is  more  economy  of  operation  to  be  gained  by 
the  electrification  of  the  reversing  mill  than  of  any  other 
type.  Some  very  interesting  data  is  available  from  the 
several  reversing  mills  in  operation,  which  show  marked 
increase  in  efficiency,  not  only  from  the  standpoint  of 
steam  consumption,  but  also  of  general  improvements 
in  the  operation  of  the  mill  with  the  result  of  increased 
tonnage  and  reduced  cost  of  production. 

A  great  deal  of  attention  is  given  today  to  the  subject 
of  scientific  management,  which  is  largely  based  on  a  de- 
tailed analysis  of  operations.  The  motor-operated  revers- 
ing mills  are  giving  the  steel  industry  a  most  practical 
demonstration  of  the  value  of  electric  drive  in  connec- 
tion with  this  idea,  for  it  makes  convenient  and  easy  the 
obtaining  of  complete  records  of  power  requirements, 
and  costs  of  power,  of  repairs  and  of  maintenance,  in 
order  to  determine  production  costs  accurately.  Graphic 
power  records  also  assist  materially  in  the  development 
of  the  general  design  of  the  mill,  serve  as  a  check  on 
mill  friction  and  indicate  immediately  and  positively  un- 
favorable operating  conditions.  Prompt  attention  to 
these  matters  will  often  result  in  a  considerable  saving 
of  power  and  mill  maintenance  and  eliminate  serious 
trouble. 

The  steel  mills  of  this  country  are  working  to  a  very 
high  capacity.  Tonnage  is  the  most  important  item,  and 
this  undoubtedly  means  that  many  mills  will  have  to  be 
repaired  in  a  very  thorough  manner  in  the  near  future. 
In  the  majority  of  cases  the  drive  can  be  remodeled  to 
advantage,  adopting  a  unit  of  increased  capacity  to  be 
consistent  with  the  other  general  improvements  which 


have  been  planned  to  increase  the  mill  capacity.  When 
the  time  comes  to  decide  definitely  the  details  of  the  new 
drive  the  mill  management  should  keep  in  mind  the  idea 
of  constructive  improvement,  not  in  respect  to  the  one 
or  more  mills  in  question,  but  of  the  entire  plant. 

Motor  drive  is  particularly  attractive,  because  the 
advantages  afforded  in  any  one  plant  increase  as  its  ap- 
plication is  extended.  It  is  for  this  reason  that  it  is 
important  and  advisable  to  plan  for  the  future  better- 
ment of  the  plant  as  a  whole  and  work  back  to  the  indi- 
vidual mill  in  order  to  establish  the  true  value  of  the 
improvement  contemplated.  In  the  rebuilding  of  exist- 
ing mills,  the  electrification  of  the  reversing  mills  will 
give  the  greatest  returns  on  the  investment  and,  in  the 
majority  of  cases,  will  merit  first  attention.  The  records 
show  that  for  entirely  new  plants  or  extensive  improve- 
ments, motor  drive  is  selected  almost  without  exception. 

Brent  Wiley 


The  Wonders    ^^  '^  reported  that  a  renowned  scientist 

of  the  admitted  to  a  few  of  his  friends  that 

after  a  lifetime  of  study  he  was  still 

np  ace   ^j^j^^jg  (.q  understand  the  electric  light. 

Whereupon  his  host  explained :— "It's  perfectly  simple. 

You  press  this  button— so,  and  the  lamps  light.     You 

press  this  other  button  and  the  lamps  are  extinguished. 

That's  all  there  is  to  it." 

It  must  be  admitted  that  to  many  of  its  users  the 
telephone  is  equally  simple.  One  lifts  the  receiver,  gives 
a  number  and  converses  with  a  friend.  Small  wonder 
that,  when  the  process  seems  so  simple,  exasperation 
should  be  felt  when  the  thing  goes  wrong,  and  insists 
that  the  "line  is  busy"  or  the  "party  doesn't  answer." 

In  reality,  however,  the  telephone  is  not  so  simple. 
To  obtain  even  a  general  idea  of  the  elaborate  and  costly 
mechanism  whereby,  within  a  few  seconds,  any  one  of 
many  thousand  telephones  can  be  connected  to  any 
other,  and  suitable  signal  service  provided,  requires 
either  a  visit  to  an  exchange,  or  careful  perusal  of  a 
description  such  as  that  by  Mr.  F.  K.  Singer  in  this  issue 
of  the  Journal.  To  understand  the  operation  of  the 
various  devices  in  detail  requires  long  study  and  a 
knowledge  of  the  basic  principles  of  electrical  engineer- 
mg.  And  it  is  only  from  a  comprehension  of  the  ex- 
ceedingly minute  and  rapid  variations  of  current  that  are 
required  to  transmit  a  range  of  voices  from  bass  to 
soprano,  with  all  the  varied  overtones  which  produce 
voice  individuality,  and  of  the  tremendous  difficulties  of 
transmitting  such  variations  of  current  unimpaired 
through  hundreds  of  miles  of  underground  cables  and 
overhead  wires,  that  one  is  able  to  realize  the  marvel- 
ous display  of  ingenuity  that  lies  back  of  that  every- 
day, commonplace  instrument — the  telephone. 

Chas.  R.  Riker 


The  Grant  Telephone  Exchange,  Pittsburgh 

A  TYPICAL  TELEPHONE  CENTRAL  OFFICE  INSTALLATION   OF  THE 
MOST   MODERN    METROPOLITAN   TYPE 


F.  K.  Singer 

Supervisor  of  Maintenance, 

The  Central  District  Telephone  Company 


THE  visitor  to  the  new  Grant  building  of  the  Cen- 
tral District  Telephone  Company  in  Pittsburgh 
usually  makes  two  inquiries :— "Why  is  a  building 
of  such  size  required?"  and  "Why  was  this  particular 
site  selected?"  Something  quite  elemental  in  the  fur- 
nishing of  telephone  service 
enters  into  both.  Most  careful 
studies  show  that  a  great  city's 
need  for  telephone  service  can 
best  and  perhaps  only  be  served 
when  there  are  established  a 
sufficient  number  of  what  arc- 
known  as  "central  office  areas" 
within  the  community,  each 
with  its  own  switchboard  equip- 
ment, with  connections  to  every 
other,  and  all  woven  into  the 
whole  fabric  of  the  city's  inter- 
communication. So  the  Pitts- 
burgh exchange  area  is  served 
by  21  central  offices,  and  the 
Grant  building  is  the  newest, 
the  most  modern  and  perhaps 
the  best  of  Pittsburgh's  25  tele- 
phone buildings. 

In  constructing  the  highways 
of  the  telephone  in  Pittsburgh. 
now  embracing  about  two  hun- 
dred and  twenty  thousand  mik> 
of  wire,  two  of  the  principal 
arteries  of  the  undergroun.l 
plant  were  laid  years  ago  north 
and  south  on  Cherry  Way  and 
east  and  west  on  Seventh  Ave- 
nue. And,  as  the  old  building 
at  416  Seventh  Avenue  and  its 

equipment  became  inadequate,  the  new  structure  natur- 
ally took  its  location  near  the  intersection  of  these  two 
cable  arteries  and  at  a  point  which  is  not  only  approxi- 
mately in  the  center  of  the  Grant  central  office  area,  but 
adjacent  to  the  then  existing  structure  and  equipment. 

The  new  building,  while  it  now  houses  but  one  cen- 
tral office  switchboard,  is  built  for  the  future  as  well  as 
for  the  present.  Several  years  ago  there  was  under- 
taken in  Pittsburgh  a  development  study  on  which  was 
determined  a  fundamental  telephone  plan  for  the  city. 
Estimates  were  necessary,  of  course,  but  they  were 
based  on  careful  computations  and  analysis ;  and  so 
there  exists  today  a  "picture"  of  the  city  twenty  years 
hence — its  population,  the  distribution  of  that  popula- 


tion, its  building  development  and  its  property  values. 
So,  too,  the  underground  telephone  plant  of  the  future 
is  plotted  out,  the  switchboard  sizes  and  locations  antici- 
pated, and  the  development  of  the  art  forecasted.  In 
sum  and  substance,  this  development  study,  checked  con- 
tinually against  each  year's  re- 
sults, permits  the  engineers  to 
look  always  ahead.  The  Grant 
building  was  not  designed  with- 
.  I  out  careful  reference  to  Pitts- 
burgh's fundamental  telephone 
plan ;  and  while  it  now  houses 
several  hundred  employes  en- 
gaged in  a  variety  of  telephone 
work,  the  next  generation  will 
find  the  new  Grant  switchboard 
augmented  by  two  other  central 
office  boards  of  like  size,  each 
with  its  terminal  room  ecjuip- 
ment,  rest  rooms  and  dining 
rooms  for  the  operating  forces, 
occupying  substantially  the  en- 
tire ten  floors,  and  the  per- 
sonnel of  the  building  will  then 
have  become  almost  entirely 
operating  in  character. 

GENERAL    DESCRIPTION 

The  building  was  designed 
with  the  primary  purpose  of 
housing  telephone  central  office 
equipment.  All  of  the  structural 
steel  work  is  extremely  heavy, 
one  column  in  particular  weigh- 
ing nearly  a  ton  per  foot  for  a 
'    "  "  '   '  '   ' '  ""'^'-  section  of  38  feet.    This  unusual 

strength  is  necessitated  by  reason  of  the  heavy  loads  car- 
ried;  on  some  of  the  floors,  containing  or  hereafter  to 
contain  central  office  equipment,  the  required  capacity 
per  square  foot  is  325  lbs.,  as  against  125  lbs.  to  150  lbs. 
for  the  usual  office  building. 

As  compared  with  ordinary  business  structures,  tele- 
phone buildings  present  numerous  points  of  dissim- 
ilarity. As  an  example  of  its  type,  the  new  Grant  build- 
ing includes  several  features  of  design  which  at  once 
attract  attention. 

First,  there  is  the  large  amount  of  natural  light  and 
ventilation  afforded  by  confining  the  building  width  to 
40  feet  and  providing  nearly  500  windows.  The  gen- 
eral construction  is  of  steel  framing  with  tile-arch  floors 
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and  "curtain''  walls — walls  built  in  between  the  steel 
work  of  adjacent  floors  and  supported  by  this  steel,  thus 
making  them  independent  of  the  walls  on  the  other  floor. 

The  fire  protection  consists  of  a  water  tank  on  the 
roof  and  an  automatic  centrifugal  pump  in  the  basement 
capable  of  delivering  750  gallons  per  minute  at  125  lbs. 
pressure ;  also  there  is  a  liberal  distribution  of  fire  hose 
and  chemical  extinguishers  throughout  the  building. 
The  fire  escapes — of  which  there  are  two,  one  at  the 
front  and  one  at  the  rear — are  both  of  the  enclosed  type, 
the  entrances  being  through  outside  "smokeproof"  bal- 
conies at  the  floor  levels.  The  only  wood  used  in  the 
construction  is  found  in  the  hand  rails  of  one  stairway ; 
the  doors  are  steel  and  windows  are  set  in  steel  sashes, 
supported  in  steel  frames.  All  windows  exposed  to  any 
fire  hazard  are  paned  with  wire  glass.  The  main  stair- 
way is  completely  isolated  by  metal  fire  doors,  as  are  the 
entrances  to  the  fire  towers.  Automatic  self-releasing 
latches  are -used  on  these  doors,  which  open  when  appre- 
ciable pressure  is  exerted  against  the  bar  of  the  latch, 
extending  the  full  width  of  the  door.  The  equipment 
floors  contain  scuppers  or  pipes  with  check  valves  carry- 
ing water  from  the  floors  to  the  outside  wall,  thus 
minimizing  water  damage  should  a  fire  hose  be  turned 
into  the  building.  Outlets  for  telephone  wires  are  so 
spaced  on  each  floor  that  a  desk  may  be  placed  in  any 
position  in  any  room  and  have  a  connection  for  tele- 
phone service  under  it. 

The  power  and  artificial  light  are  normally  derived 
from  two  separately  routed  circuits  from  the  Duquesne 
Light  Company,  a  2200  volt  alternating-current  and  a 
550  volt  direct-current  circuit.  The  largest  motors  are 
two-phase,  220  volt,  with  the  exception  of  the  six  ele- 
vator  motors,   which   are    550   volt   direct   current.      A 


FIG.  2   (above) — the  "a"  switchboard  at  grant 

All  o£  tlie  64  positions  occupied.     The  supervising  operators 

are  standing. 

FIG.  3  (at  right) — the  "b"  switchboard 

Chief  operator's  desk  in   foreground.     The   15000  telephones 

in   the   Grant   central   office   area   originate   75  000  calls 

daily,  and  the  incoming  traffic  is  nearly  as  heavy. 


single-phase  circuit  is  used  for  lighting  and  in  the  opera- 
tion of  fans  and  other  small  motors.  For  emergency 
use,  two  gas-engine  units  are  mounted  in  the  basement 
on  a  seven-foot  foundation,  high  enough  to  clear  a  river 
stage  of  47  feet.  One  of  these  is  a  three-cylinder,  125  hp 
Westinghouse  engine  direct  coupled  to  a  75  kw  gener- 
ator ;  this  unit  is  designed  to  be  used  for  the  operation 
of  machines  connected  to  the  two-phase  power  circuit, 
such  as  the  pneumatic  tube  motors,  the  air  compressors, 
the  refrigerating  machine,  the  drinking  water  circulat- 
ing pump,  battery  charging  machine  motors,  and  so  on. 
The  other  is  a  three-cylinder  Nash  engine,  coupled  to  a 
30  volt,  1000  ampere  direct-current  generator,  which  can 
be  used  for  charging  the  storage  batteries  directly.  This 
emergency  equipment  is  obviously  for  use  in  case  the 
outside  power  should  fail.  All  of  the  operating  quarters 
are  equipped  with  gas  arcs,  in  addition  to  the  electric 
lighting, — and  therefore  the  combined  loss  of  the  two 
feeder  circuits  and  gas  supply  must  occur  before  there 
can  be  any  interruption  of  telephone  service.  Further, 
the  storage  battery  equipment,  the  main  battery  of  which 
has  a  capacity  of  620  amperes  for  eight  hours,  has  suf- 
ficient total  capacity  to  supply  the  switchboards  for 
from  twelve  to  twenty-four  hours,  according  to  the 
state  of  charge. 

The  power  equipment  is  all  electrical,  and  the  pur- 
chase of  power  from  outside  sources  tends  to  absolute 
quiet  and  cleanliness.  Electric  vacuum  cleaners,  scrub- 
bing machines  and  the  usual  complement  of  addresso- 
graphs,  calculating  machines,  etc.,  are  used. 

The  lighting  is  semi-indirect  throughout,  thus  insur- 
ing an  even  distribution  of  light ;  100  and  200  watt  nitro- 
gen lamps  are  used.  The  elevators  are  equipped  with 
complete  safety  apparatus  and,  of  course,  telephones. 
Taken  altogether,  the  building  represents  a 
type  which,  although  partially  that  of  an  office 
building  at  the  present  time,  can  gradually  be 
converted  into  an  equipment  building  in  its 
entirety. 

FUNDAMENTALS 

The  prime  mechanical  requirements  of  tele- 
phone operation,  in  addition  to  the  telephone 
itself,  are  two ; — a  wire  system  furnishing  a 
commercial  grade  of  transmission  between  any 
two    tele])hones    within    it,    and    such    supple- 
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FIG.  4  (at  right) — THE  WIRE  chief's  desk  in  the 

TERMINAL    ROOM    AT   GRANT 

Here  is  maintained  supervision  over  the  complete 
wire  system  of  the  central  office. 

FIG.  5  (lower  left) — a  typical  clerical  office  in 

THE  accounting  DEPARTMENT 

The  building's  500  windovi^s  afford  ample 
natural  light. 

FIG.  6  (lower  right) — A  corner  of  the  plant 

DEPARTMENT 

The  building  now  houses  800  employes,  in  addition 
to  the  operating  force. 


mental  equipment  as  provides  a  means  of 
connection  and  disconnection  and  the  sig- 
naling therefor. 

As  to  the  wire  system  itself,  and  its 
manual  manipulation,  a  rather  brief  expla- 
nation must  suffice;  though  when  it  is  con- 
sidered that  one  telephone  expert  has  compiled  a  text- 
book of  over  two  thousand  pages  describing  only  the 
fundamentals  of  telephone  practice,  it  will  be  appre- 
ciated that  any  adequate  explanation  must  be  of  some 
length. 

In  a  city  such  as  Pittsburgh,  the  plant  of  a  telephone 
company  comprehends  much  more  than  the  lay  mind 
would  suppose,  for  the  telephone  instrument  itself,  with 
its  bell  box  and  wiring  complete,  represents  only  some- 
thing like  two  percent  of  the  plant  involved  in  an  ordi- 
nary telephone  connection. 

First,  there  is  the  central  office  equipment,  with  its 
elaborate  switchboard  and  terminal  room  equipment. 
Then  reaching  out  from  the  central  offices  are  the 
underground  wireways,  wood  and  terra  cotta  ducts 
(there  are  over  900  miles  of  such  duct  in  Pittsburgh's 
139  miles  of  telephone  subway)  through  which  run  the 
lead-sheathed  cables  containing  the  wires  which  connect 
together  the  many  switchboards  and  bring  in  the  sub- 
scribers' circuits  to  the  central  offices.  Along  these 
underground  wireways  are  the  manholes — there  are 
2000  in  the  city — in  which  the  cable  lengths  are  spliced 
together,  sometimes  2400  copper  wires  to  a  cable,  and 
the  smaller  lateral  cables  are  led  oflf,  still  underground, 
to  the  more  removed  business  and  residence  districts. 
In  localities   where   the   development   is   not  great   the 


cables  eventually  leave  the  ground  and  run  aerially  to 
junction  points  where,  just  as  in  the  more  thickly  popu- 
lated parts,  the  cables  are  opened  up,  "tagged"  in  junc- 
tion boxes,  and  the  circuits  continued  by  open-wire 
"drops"  to  subscribers'  premises. 

It  is  probable,  though,  that  the  central  office  is  the 
point  of  greatest  interest,  for  here  enters  the  personal 
element — the  operator,  with  all  the  delicate  and  compli- 
cated apparatus,  part  manual  and  part  automatic,  which 
is  within  her  control. 

A  telephone  call  in  a  central  office,  such  as  Grant, 
always  involves  at  least  two  operators — the  A  operator, 
who  receives  the  call,  and  the  B  operator,  who  completes 
it.  This  necessitates  an  A  board  and  a  B  board,  the  for- 
mer requiring  between  two  and  three  times  more  oper- 
ators' positions. 

The  Szvitchboard  Apparatus — The  A  Board— Th^ 
operator's  position,  Fig.  2,  at  the  A  switchboard  is,  in 
part,  equipped  with  a  row  of  double-ended  cords,  two 
answering  jacks  for  each  subscriber's  line  handled  by 
her  and  two  supervisory  lamps  for  such  line.  As  only 
subscribers'  or  "originating"  calls  are  answered  here,  the 
equipment  before  the  operator  does  not  include  what  is 
known  as  the  "multiple,"  by  which  connections  are  com- 
pleted to  called  subscribers.  Instead,  a  "trunk  multi- 
ple,"  so  called,  is  installed,  and  by  this   the  operator 
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answering  a  call  may  secure  connections  over  trunk 
lines  with  any  other  central  office  from  which  the  called 
subscriber  may  be  served,  as  well  as  to  the  B  switch- 
board of  her  own  central  office,  through  which  calls  may 
be  completed  to  subscribers  served  by  the  same  central 
office.  The  two  "answering  jacks,"  which  are  the  ter- 
minals of  a  given  subscriber's  line,  take  the  form  of 
apertures  in  the  switchboard ;  and  as  there  are  two  of 
them  for  each  subscriber's  line,  separated  by  an  interval 
of  several  feet  on  the  switchboard,  any  one  of  seven 
operators  may  answer  the  call,  whereas  on  a  switchboard 
of  older  design  equipped  with  single  answering  jacks 
only  three  operators  can  make  the  answering  connec- 
tion. This  tends,  of  course,  to  facilitate  the  service,  par- 
ticularly to  quicken  it  when  only  a  portion  of  the  posi- 
tions at  the  switchboard  are  occupied,  as  during  the 
hours  when  the  traffic  load  is  not  heavy,  and  also  prevent 
calls  "piling  up"  at  certain  sections  of  the  board. 

The  B  Board  is  equipped  with  single  cords,  each 
tipped  with  a  plug,  the  other  ends  of  the  cords  termi- 
nating in  the  "trunk  multiple  jacks"  of  the  A  boards  all 
over  the  city,  certain  groups  being  numbered  consecu- 
tively and  being  assigned  to  each  other  central  office.  The 
B  operator  cannot  listen  in  on  any  call  and  cannot  talk  to 
subscribers,  her  dealings  being  entirely  with  the  A  oper- 
ators of  her  own  or  other  central  offices. 

Now  say  that  a  Grant  subscriber  takes  his  telephone 
receiver  ofif  the  hook.  This  is  brought  to  the  attention 
of  one  of  the  A  operators  at  Grant  by  a  small  signal 
lamp  which  lights  directly  above  the  answering  jack 
at  the  switchboard  at  which  the  subscriber's  circuit 
terminates ;  this  is  brought  about  by  the  short-circuiting 
of  the  line  wires,  as  shown  in  Fig.  11,  causing  current  to 
flow  through  the  telephone  set  on  the  subscriber's  prem- 
ises, and  through  the  2000  ohm  windings  of  a  small 
relay  at  the  central  office,  which,  when  operated,  closes 


KIC.   7 — A    TYPICAL   REST   ROOM 

Of  which  there  are  two  for  the  women  employed  in  the 
Grant  building. 

a  local  circuit  through  the  signal  lamp  (o.i  ampere,  24 
volts). 

The   operator   answers   by   inserting   in   the   proper 
answering  jack  one  of  the  plugs  of  any  of  the  connect- 


ing cords  which  may  not  be  in  use  before  her,  which 
extinguishes  the  signal  lamp  by  cutting  off  the  current 
supply  to  the  line  and  at  the  same  time  "feeds  battery" 
through  the  cord  circuit  to  the  subscriber's  telephone 
for  the  purpose  of  transmission.  On  being  advised  as 
to  the  exchange  and  number  with  which  connection  is 
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FIG.    8 — ONE   OF    THE   TWO   DINING    ROOMS    IN    THE 
GRANT   BUILDING 

This  is  for  the  women  of  the  clerical  force ;  the  operators  lunch 
in  a  similar  room  on  another  floor. 

desired,  she  passes  that  number  along  to  a  B  operator 
in  the  exchange  central  office  called  for.  To  do  this  she 
presses  one  of  a  group  of  buttons  on  the  keyboard 
before  her,  and  by  doing  so  connects  her  operating  tele- 
phone set  direct  with  an  operator  at  the  B  switchboard 
in  the  called  central  office.  By  selecting  the  proper  one 
of  this  group  of  buttons  she  may  thus  be  connected  with 
an  operator  at  any  B  switchboard  in  the  city.  Let  us 
say  that  a  Grant  subscriber  has  called  Court  4259.  The 
Grant  A  operator,  when  connecting  with  the  Court  B 
operator,  as  described,  says  "Grant  4259,"  meaning  that 
she,  the  Grant  operator,  has  a  call  which  is  to  be  con- 
nected with  Court  4259.  Now  the  Court  B  operator 
picks  up  the  plug  in  which  terminates  a  trunk  line  be- 
tween Court  and  Grant  and  which  at  the  moment  is  not 
in  use,  and,  referring  to  the  trunk  number  associated 
therewith,  says  to  the  Grant  operator  "36,"  for  example, 
which  is  the  number  of  the  trunk  line  by  which  the  con- 
nection between  the  two  central  offices  is  to  be  com- 
pleted. The  Grant  operator  then  takes  up  the  other  end 
of  the  cord  circuit  with  which  she  answers  the  called 
subscriber  and  inserts  the  plug  in  trunk  multiple  jack  36 
of  the  group  of  trunks  connecting  Grant  and  Court; 
while,  at  the  same  time,  the  Court  operator,  after  testing 
in  the  subscriber's  multiple  the  line  called  for  to  make 
sure  that  it  is  not  busy  (this  is  done  by  touching  the  tip 
of  the  cord  plug  to  the  sleeve  of  the  Court  4259  multiple 
jack,  which  produces  a  clicking  sound  in  the  operator's 
head  receiver  if  the  line  is  in  use),  inserts  the  plug  in 
the  jack  and  thereby  completes  the  mechanical  connec- 
tion.   The  ringing  of  the  called  person  is  automatic. 

As  the  test  for  "busy"  is  a  matter  of  particular  inter- 
est to  telephone  users,  it  would  be  well  to  explain  further 


520 


THE   ELECTRIC   JOURNAL 


that  the  B  operator,  when  testing  as  above  described  a 
hne  that  is  in  use,  always  receives  a  buzz  or  cHck  each 
time  she  touches  the  cord  plug  to  the  sleeve  of  the 
answering  jack,  and  also  when  the  contact  is  broken. 
This  is  due  to  the  fact  that  when  a  line  is  busy  the 
sleeves  of  all  jacks  of  the  same  line  throughout  the 
subscriber's  multiple  are  raised  to  a  potential  of  5  volts 
above  the  potential  of  the.  earth,  whereas  the  tip  of  the 
plug  is  at  ground  potential;  further,  if  the  line  is  not 
busy,  the  sleeve  of  the  jack  and  the  tip  of  the  operator's 
plug,  being  of  the  same  potential,  result  in  no  busy  signal 
to  the  operator  when  contact  between  them  is  estab- 
lished. 

Should  the  B  operator  at  Court  find  that  the  line  of 
the  called  telephone  is  busy,  instead  of  inserting  the  plug 
of  the  trunk  line  in  the  subscriber's  multiple  jack,  she 
places  it  in  a  switchboard  jack  which  is  called  the  "busy 
back,"  and  the  calling  subscriber  hears  a  high-frequency 
interrupted  tone,  indicating  the  busy  condition,  while  the 
supervisory  cord-lamp  in  front  of  the  A  operator  at 
Grant  flashes,  advising  of  the  same  condition. 

When  the  Court  B  operator  completes  the  line  con- 
nection by  inserting  the  cord  plug  in  jack  4259  in  the 
Court  subscriber's  multiple,  the  following  occurs : — Be- 
fore it  was  plugged  in,  the  tip  of  trunk  cord  36  was  con- 
nected through  a  small  transformer  to  the  Court  oper- 
ator's receiver ;  the  act  of  plugging  in  causes  a  relay  to 
operate  which  breaks  this  connection  and  makes  the 
cord  circuit  continuous.  Simultaneously,  a  relay,  built 
like  a  double-pole,  double-throw  switch,  disconnects 
both  talking  wires  of  the  trunk  circuit  and  connects  the 
cord  to  the  ringing  generator  circuit  (95  volts,  17 
cycles).  The  cord  then  conveys  this  current  to  the  called 
subscriber's  line,  4259. 

When  the  called  subscriber's  bell  is  rung,  automati- 
cally for  two-second  intervals  with  four-second  rests, 
continually  until  he  answers  or  until  the  call  is  aban- 
doned, the  current  on  the  line  to  operate  the  bell  is  about 
27  milliamperes,  and  when  the  called  subscriber  lifts  his 
receiver  the  impedance  of  the  circuit  is  so  much  reduced 
that  a  current  of  about  60  milliamperes  flows.  This  au- 
tomatically trips  a  tiny  circuit  breaker,  the  winding  of 
which  is  in  series  with  the  generator  supply.  The  oper- 
ation of  the  tripping  relay  (circuit  breaker)  operates 
another  relay  known  as  a  ringing  relay  (another  double- 
pole,  double-throw  switch),  and  this  disconnects  trunk 
plug  36  from  the  ringing  current,  and  in  turn  connects 
it  with  Grant. 

At  this  time  there  is  a  talking  circuit  established  be- 
tween the  Grant  subscriber  and  the  Court  subscriber ; 
but  this  connection  is  not  direct,  for  the  reason  that  the 
Grant  subscriber  draws  his  talking  current  supply  from 
the  Grant  storage  battery,  while  Court  subscriber  draws 
his  talking  current  from  the  Court  battery.  This  re- 
quires the  use  of  two  repeating  coils,  one  of  which  is 
necessarily  in  the  A  board  cord  circuit  at  Grant,  and  the 
other  in  the  B  board  cord  circuit  at  Court. 

As  long  as  these  subscribers  continue  talking  or  have 
their  receivers  ofif  the  hooks  the  cord  circuit  signals  are 


all  out ;  there  is  a  signal  associated  with  each  of  the 
three  cords  in  use.  The  process  of  disconnection  is  as 
follows : — When  the  Grant  subscriber  replaces  the  re- 
ceiver on  the  hook,  a  signal  lamp  associated  with  the 
cord  circuit  used  by  the  Grant  A  operator  in  establish- 
ing the  connection  lights  automatically ;  when  the  Coutt 
subscriber  replaces  his  receiver,  the  lamp  associated 
with  the  plug  that  at  this  time  is  in  trunk  jack  36  before 
the  Grant  operator  also  lights.  The  Grant  operator, 
noting  both  signals,  knows  that  both  subscribers  have 
hung  up  their  receivers,  and  removes  the  plugs  of  the 
cord  circuit  from  both  the  subscriber's  answering  jack 
and  from  trunk  jack  36.  If  the  calling  subscriber 
has  individual  line  measured  service,  just  before  the 
Grant  operator  removes  the  plugs  she  "pegs,"  i.  e., 
presses  a  key  associated  with  the  cord  connected  to 
the  Grant  number,  and  thus  causes  the  armature  of  a 
message  register  meter  permanently  associated  with  the 
Grant  subscriber's  line  to  pull  up.  When  the  armature 
has  traveled  far  enough  to  cause  the  meter  wheel  of  the 
message  register  to  travel  one  step,  an  indicator  lamp 
lights  and  the  operator  knows  that  the  call  has  been 
registered.  The  improper  registering  of  connections  on 
which  the  called  party  does  not  answer  is  eliminated  by 
the  operation  of  the  supervisory  signal  lamps  in  front  of 
the  A  operator.  As  previously  explained,  there  are  two 
such  signals  identified  with  each  cord  circuit,  one  for  the 
originating  end  and  the  other  for  the  receiving  end  of 
the  connection  or  call.  The  second  signal  burns  until  the 
called  subscriber  answers,  and  when  this  signal  goes  out 
the  operator  knows  that  the  receiver  of  the  called  tele- 
phone has  been  taken  ofif  the  hook  and  the  conversation 
begun.  The  registering  of  the  message  is  therefore  not 
done  until,  first,  both  signal  lamps  have  gone  out,  indi- 
cating that  the  conversation  has  begun,  and,  second,  both 
signals  have  again  lighted  up,  indicating  that  the  con- 
versation has  terminated.  The  meters  are  located  in 
plate  glass  cases  in  the  terminal  room  and  are  tested 
monthly ;  their  construction  is  such  that  the  only  me- 
chanical operating  error  which  can  occur  is  in  their 
failure  to  register.  Recording  of  messages  against 
party  line  telephones  is  handled  differently,  as  meters 
are  not  practicable  of  operation  on  party  line  circuits ; 
the  recording  in  such  cases  is  entirely  manual,  on  a 
small  ticket  form,  which  the  operator  completes  simi- 
larly upon  the  termination  of  the  conversation. 

Now,  continuing  the  disconnection  process,  when  the 
cord  circuit  is  removed  from  the  subscriber's  answering 
jack  on  the  Grant  board  by  the  A  operator,  the  line  relay 
and  its  associated  lamp  is  switched  back  into  circuit,  and 
when  she  removes  the  plug  from  trunk  36  an  associated 
lamp  at  Court  is  lighted  and  the  Court  B  operator  takes 
down  the  connection,  setting  the  apparatus  in  position 
again,  so  that  Court  4259  may  receive  another  call  or 
originate  one  without  delay. 

All  of  these  operations  are  completed  very  quickly ; 
although  they  may  be  made  out  of  the  sequence  given 
above,  the  apparatus  will  not  fail  to  perform  its 
proper  functions  nor  will  the  lines  become  "tied  up"  or 
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be  rendered  inoperative.  A  complete  description  of  all 
circuit  operations  which  occur  would  require  a  volume 
of  complex  drawings,  together  with  an  article  of  many 
thousand  words. 

In  considering  the  handling  of  a  call  from  a  Grant 
subscriber  to  another  Grant  subscriber,  question  will 
perhaps  arise  as  to  why  the  A  operator  has  not  within 


percent  of  the  originating  calls  are  for  subscribers 
served  by  other  central  office  switchboards ;  and  whereas 
that  high  percentage  of  the  originating  calls  must  be 
trunked,  there  is  distinct  economy  to  the  company  and 
no  resulting  inconvenience  or  delay  to  subscribers  if  the 
subscribers'  multiple  is  eliminated  from  the  A  switch- 
board and  calls  to  Grant  subscribers  from  Grant  sub- 
scribers are  trunked  through  the  Grant  B 
switchboard,  just  as  are  trunked  such  calls 
from  subscribers  in  Court  or  other  central 
offices.  Not  only  the  annual  charges  are 
saved  on  the  great  investment  that  would  be 
involved  should  the  subscribers'  multiple  be 
extended  from  the  Grant  B  board  to  the  A 
board  as  well,  but  by  its  elimination  from 
the  A  board  the  line  capacity  of  the  switch- 
board unit  is  greatly  increased.  An  A  board 
with  subscribers'  multiple  is — with  the  pres- 
ence of  an  extensive  trunk  jack  section- 
generally  limited  to  about  5000  lines,  by  rea- 
son of  the  natural  limits  of  reach  of  an  aver- 
age operator.  But  by  confining  the  multiple 
to  the  B  board  alone,  from  which  the  trunk 
answering   jacks    are    of   course    eliminated. 


FiG.  9  (above) — an  "a"  switchboard  section 

FIG.  10  (at  right) — a  "b"  switchboard  section 

/ — A  group  of  subscribers'  answering  jacks 
with  associated  line  signals.  2 — A  group  of 
"ancillary"  jacks,  which  duplicate  a  group  of 
answering  jacks  at  a  nearby  position  and 
make  it  possible  for  the  operator  here  to 
assist  in  the  handling  of  calls  at  that  other 
position  when  the  volume  of  traffic  is  very 
heavy  or  when  not  all  positions  are  occupied. 
3 — Plugs  of  the  double-ended  cord  circuits. 
4 — Flexible  portion  of  cord  circuits  exposed. 
5 — Listening  keys  and  supervisory  signals. 
6 — Call  circuit  buttons,  by  which  connections 
are  had  with  B  operators.  7 — Trunk  multi- 
ple jacks.  S — Pilot  and  supervision  signals. 
P — Sockets  at  which  the  operator  connects 
her  operating  telephone  set  to  the  switch- 
board. 10 — Instruction  and  special  informa- 
tion cards.  11 — Trunk  circuit  cords,  by  which 
the  B  operator  completes  through  the  sub- 
scribers' multiple  the  connection  which  has 
been  made  to  the  trunk  circuit  by  the  A  oper- 
ator. 12 — The  subscribers'  multiple  ;  here 
before  the  B  operator  are  the  terminals  of  5300  lines,  with  capacity  for  growth  to  10500,  to  any  of  which  she  may  complete  a 
connection.  13 — Supervisory  signals.  14 — Trouble  jacks,  and  the'  "busy  back"  to  which  the  connection  is  made  when  the  line 
called  for  is  busy.     15 — Connection  socket  for  operator's  telephone. 


her  reach  at  the  switchboard  before  her  a  complete 
Grant  subscribers'  multiple,  that  she  may  thus  herself 
complete  all  calls  from  one  Grant  subscriber  to  another, 
as  is  the  practice  in  smaller  cities  where  all  subscribers' 
lines  are  served  from  one  switchboard.  The  explanation 
is  that  in  a  central  office  such  as  Grant,  approximately  75 


the  multiple  can  be  conveniently  extended  to  embrace 
over  10  000  lines. 

HANDLING   OF   TOLL   AND   LONG-DISTANCE   CALLS 

The  handling  of   a   toll   or   long-distance  call   is   of 
further   interest ;   in   describing   the   operations,   practi- 
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cally  all  reference  to  the  apparatus  may  well  be  elimi- 
nated. 

First,  the  Grant  subscriber,  taking  his  telephone  re- 
ceiver from  the  hook,  asks  for  "Long  Distance,"  and  the 
A  operator  inserts  in  any  of  a  number  of  switchboard 
trunk  jacks  marked  "Long  Distance"  the  other  plug  of 
the  cord  circuit  with  which  she  has  answered  the  sub- 
scriber, and  rings.  This  lights  a  signal  lamp  on  a 
switchboard  at  the  long-distance  office  known  as  the 
recording  board ;  the  operators  on  this  board  are  known 
as  recording  operators,  and  do  not  complete  any  connec- 
tions, as  none  of  the  subscribers'  lines  or  toll  lines  ter- 
minate in  the  board  before  them.  The  calling  subscriber 
then  gives  to  the  recording  operator  the  necessary  infor- 
mation regarding  the  connection  desired,  and  the  record- 
ing operator  originates  a  "ticket" — a  small  piece  of 
paper  on  which  is  put  down  the  details  of  the  call.  After 
the  customary  "Thank  you,  the  operator  will  call  you," 
she  drops  the  ticket  into  a  pneumatic  tube  (vacuum  sys- 
tem, 1.4  inch  of  mercury)  and  the  ticket  is  carried 
through  the  tube  to  one  of  the  distributing  operators, 
who  notes  the  terminating  point  and  forwards  the  ticket 
to  the  proper  line  or  toll  operator  handling  calls  to  that 
point ;  in  front  of  the  distributing  operators  are  tubes 
opening  to  the  various  line  boards,  and  by  one  of  these 
tubes  the  ticket  is  conveyed  to  the  ticket  boxes  on  the 
toll  switchboard,  where  one  of  the  toll  operators  imme- 
diately picks  it  up.  The  toll  operator  then  presses  a 
call-wire  key  leading  to  the  B  operator's  position  at  the 
central  office  where  the  toll  call  originated,  and  asks  the 
B  operator  to  assign  a  trunk  for  later  connection  with 
this  subscriber's  number.  The  B  operator  assigns  a 
trunk  and  the  toll  operator  holds  that  trunk  by  placing  a 
plug  in  the  proper  trunk  jack,  which  condition  is  main- 
tained while  she  selects  an  idle  toll  line  to  the  called 
point  and  secures  the  attendance  of  the  called  person  at 
the  telephone. 

The  toll  operator,  when  the  called  person  is  at  the 
telephone  at  the  distant  point,  rings  manually  the  person 
originating  the  call  and  introduces  the  calling  and  called 
persons.  Then,  at  once,  she  places  the  toll  ticket  in  a 
calculagraph   or   printing-recording   clock   which,   upon 


the  pressing  of  a  lever,  registers  the  time  at  which  the 
conversation  begins ;  later,  when  the  disconnection  sig- 
nals automatically  indicate  the  hanging  up  of  receivers, 
the  pressing  of  another  lever  of  the  calculagraph  regis- 
ters the  elapsed  time  in  minutes  and  quarter  minutes. 
Removing  the  ticket,  the  line  operator  then  drops  it  into 
an  open  ticket  tube  and  it  is  returned  to  the  filing  oper- 
ator ;  on  the  following  day  the  ticket  is  forwarded  to  the 
accounting  department,  where  an  entry  of  the  call,  to- 
gether with  the  amount  of  the  charge,  is  made  on  the 
subscriber's  ledger  page. 

In  the  handling  of  toll  or  long-distance  connections 
there  are  involved,  at  the  point  at  which  the  call  orig- 
inates, an  A  operator,  a  recording  operator,  a  distri- 
buting operator,  a  line  or  toll  operator,  a  B  operator  and 
a  filing  operator;  at  the  terminating  point  there  are  in- 
volved a  line  operator  and  a  B  operator.  Thus  the  ser- 
vices of  eight  operators  are  required  to  handle  a  toll 
call  on  which  no  complications  (such  as  must  be  neces- 
sitated for  the  arrangement  of  messenger  service,  etc.) 
arise.  And,  just  as  a  matter  of  interest,  on  a  65  cent  call 
from  Pittsburgh  to  Cleveland,  something  like  $35  000 
worth  of  plant  is  used,  considering  only  that  equipment 
which  is  directly  involved  in  the  call. 

DETERMINATION    OF   TRAFFIC   LOADS   AND   OPERATING 
REQUIREMENTS 

Were  it  not  for  the  carrying  charges — including  in- 
terest, depreciation,  taxes,  etc.,  on  equipment  and  build- 
ings— the  initial  installation  of  central  office  equipment 
would  tally  as  closely  with  the  ultimate  requirement  as 
existing  switchboard  capacities  permit,  which,  at  the 
present  stage  of  the  art,  is  a  board  sufficient  to  handle 
approximately  10  500  subscribers'  lines.  However, 
those  expense  factors  make  it  economical  to  install  only 
sufficient  equipment  to  last  through  a  given  period  of 
years,  which  period  is  determined  by  the  weighing  of 
carrying-charge  items  against  the  cost  of  engineering 
and  labor  to  make  the  supplemental  installation.  Having 
determined  the  length  of  this  period  and  area  to  be 
served  by  a  particular  central  office,  it  is  necessary  to 
estimate  the  requirements  essential  to  the  giving  of  the 


CeiTTRUOrTKZ 


>.B(1VE.  AXD  COXTIXI'KD  OX   THE   FACIXf.   PAGE,  IS   A  DIAGRAMMATIC  REPRESEXTATIOX  (II    THE  CIRCTTr  EijUIPMEXT  INVOI.VEH  IX  THE 
tOMPLETIOX  OF  THE   MOST   SIMPLE  TELEPHONE  CONNECTION,  AS  IN  A  CITY   WITH   BUT  ONE  CENTRAL   OFFICE 


THE   ELECTRIC   JOURNAL 


523 


best  grade  of  service  to  the  public  in  the  most  econom- 
ical manner. 

Now,  for  a  given  period  under  observation  there  is 
determined  the  approximate  changing  population  figures 
within  the  central  office  area,  the  anticipated  classes  of 
business  and  residence  expansion,  the  expected  telephone 
development  thereunder,  and  the  variety  of  grades 
of  service  that  will  be  in  demand.  From  this,  of  course, 
the  number  and  kind  of  subscribers'  lines  and  stations 
(telephones)  which  will  be  connected  to  the  central 
office  during  and  at  the  termination  of  the  period  are 
determined.  Further,  an  estimate  of  the  volume  of  traffic 
(number  of  calls)  originating  from  and  incoming  to  the 
estimated  stations  is  made.  Having  reached  these  sev- 
eral approximations,  the  number  of  operators'  positions, 
toll  lines  and  trunk  lines  for  connections  to  other  offices 
are  calculated,  based  on  the  best  traffic  data  obtainable ; 
similarly  the  number  of  subscribers'  multiples  and 
answering  jacks  are  determined,  and  the  arrangement 
thereof  to  afford  the  most  efficient  manual  operation. 

From  all  of  the  data  thus  obtained,  and  other  esti- 
mated requirements  under  certain  miscellaneous  equip- 
ment items,  specifications  and  drawings  are  prepared 
and  forwarded  to  the  factory  for  manufacture  and  in- 
stallation. So  the  initial  installation  of  equipment  is 
made  and  from  time  to  time  added  to  until  the  ultimate 
is  reached,  when  another  unit  is  planned. 

In  order  that  the  company  may  have  a  sufficient 
number  of  operators  on  duty  at  all  seasons  of  the  year 
and  at  different  times  of  the  day,  various  studies  are 
made  to  determine  the  amount  of  traffic  from  day  to  day 
and  from  hour  to  hour.  On  account  of  the  many  dif- 
ferent kinds  of  calls  that  are  handled  and  the  amount  of 
work  varying  for  each  class  of  calls,  it  is  necessary 
to  express  the  amount  of  work  involved  in  those  classes 
in  terms  of  units  of  labor,  the  unit  being  common  for 
all  classes.  The  unit  used  is  "local  call."  This  is  the 
type  of  connection  which  is  completed  in  an  office  such 
as  Hiland  when  one  Hiland  subscriber  calls  another 
Hiland  subscriber  and  the  answering  operator  completes 
the  connection  through  the  subscriber's  multiple  in 
front  of  her,  with  no  trunking  of  the  call  to  a  B  oper- 


ator either  at  her  own  central  office  or  at  another  one 
in  the  city.  This  unit  is  used  because  it  is  the  simplest 
class  of  call  handled. 

First,  a  "standard  load"  is  determined,  this  being  the 
number  of  units  that  an  average  operator  can  handle 
for  an  hour  continuously  and  give  a  thoroughly  satis- 
factory grade  of  service ;  it  is,  of  course,  based  on  the 
condition  of  all  switchboard  positions  being  occupied, 
for  during  hours  of  the  day  when  there  is  less  traffic 
and  only  a  portion  of  the  switchboard  positions  are 
occupied,  each  operator  is  expected  to  handle  a  smaller 
number  of  units,  as  the  number  of  incoming  lines  as- 
signed to  her  is  greater  and,  although  the  manual  move- 
ments in  handling  cord  circuits  do  not  increase  in  num- 
ber, the  reach  or  extent  of  those  movements  is  increased. 
Calls  involving  trunking  to  other  operators  or  central 
offices,  as  well  as  calls  involving  ticketing  of  the  traffic 
for  purposes  of  billing,  etc.,  require  more  than  one  unit 
of  labor  each.  In  order  properly  to  estimate  the  traffic 
at  each  central  office  for  each  hour  of  the  day,  it  is  nec- 
essary to  maintain  several  kinds  of  records.  To  deter- 
mine the  total  volume  of  traffic  in  a  given  central  office 
a  continuous  record  is  kept  each  day  in  the  year,  each 
operator  on  making  a  "peg  count"  (by  the  manual 
pressing  of  a  button  on  the  switchboard  in  front  of  her 
whenever  a  call  is  originated)  during  certain  hours  of  the 
day ;  by  the  application  of  averages  and  unit  factors  the 
total  traffic  volume  may  be  determined  from  these  peg 
counts  with  sufficient  accuracy,  as  the  count  is  used  only 
for  the  purpose  of  general  traffic  studies.  Further  peg 
count  records  are  kept  on  a  monthly  basis  (again  by 
manual  pegging)  during  certain  hours  of  the  day  to 
determine  the  distribution  of  the  traffic  by  hours,  while 
other  supplemental  records  are  kept,  on  a  quarterly 
basis,  for  the  purpose  of  determining  the  kinds  of  calls 
handled.  The  supplementary  records  are  summarized 
and  percentages  obtained  of  the  total  traffic  handled  on 
the  days  on  which  the  supplementary  counts  are  taken. 
These  percentages  are  applied  to  the  continuous  records, 
and  there  results  a  very  accurate  estimate  of  the  amount 
of  operating  work  performed  at  each  central  office  and 
for  each  hour  of  the  day. 


TO   SHOW   SIMILARLY  THE   EijUIPMEXT   INVOLVED   IX   THE  ESTABLISHMENT  OF  A  COXNIXTIOX   UETWEEX  A  GRANT  AND  A    HILAND  SUBSCRIBER, 
OR  EVEN  BETWEEN  TWO  GRANT  SUBSCRIBERS,  WOULD  REQUIRE  A   MUCH    ENLARGED   DI.VGRAM 
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FIGS.  12  and  13— CURVES  IXUIC.\TINX   XORM.\L  B.VTTERV  LOADS  AND  TELEPHONE  TRAFFIC  VOLUMES   IN   A   TYPICAL   liL'SIXESS   CENTRAL  OFFICE 
AREA    (grant)    and  A  TYPICAL  RESIDENCE  CENTR.\L  OFFICE    (HILANd) 

Having  determined  from  the  various  records  the 
volume  and  classes  of  calls  handled  for  each  hour  of  the 
day,  the  proper  co-efficient  is  applied,  reducing  the  calls 
to  units  of  work.  The  number  of  operators  required  for 
each  hour  is  then  obtained  from  these  units.  The  hours 
of  duty  for  each  operator  are  so  arranged  as  to  bring 
to  the  switchboard  a  varying  number  of  operators  from 
hour  to  hour  during  the  day,  not  only  in  order  always  to 
have  a  sufficient  number  to  handle  the  traffic  properly, 
but  also  in  order  not  to  provide  more  operators  than  are 
necessary.  The  tour  of  duty  of  a  day  operator  in- 
cludes eight  hours  of  work,  which  are  divided  into  two 
periods  of  approximately  four  hours  each,  and  there 
is  always  at  least  one  hour  allowed  for  lunch  between 
these  hours.  In  the  middle  of  each  period  a  ten-minute 
rest  is  given  to  each  operator,  and  she  may  leave  the 
switchboard  at  any  time  for  any  reason  upon  request  to 
her  supervisor.  Operators  who  work  all  or  a  portion 
of  their  time  in  the  evenings  are  required  to  work  but 
seven  hours  per  day,  and  the  evening  operators  do  not 
work  later  than  10:30  P.  M.  in  Pittsburgh,  in  order  that 
the  hour  of  their  leaving  the  central  office  may  not  be 
too  late  for  them  to  return  safely  to  their  homes.  Wher- 
ever practicable,  operators  are  assigned  to  central  offices 
nearest  their  residences.  The  night  operators  come  on 
duty  about  ten  o'clock  and  leave  at  seven  o'clock  next 
morning,  with  rest  and  lunch  hours  during  the  night ; 
as  the  night  traffic  is  heaviest  between  10  P.  M.  and 
midnight,  the  number  of  operators  on  night  work  is  de- 
termined by  the  volume  of  traffic  between  those  two 
hours ;  for  the  remainder  of  their  tour  of  duty  the  night 
operators  not  required  at  the  switchboard  are  engaged 
in  clerical  work. 

The  curves  shown  in  Figs.  12  and  13  represent  the 
traffic  load  during  an  average  24  hour  period  for  a 
typical  business  and  a  typical  residence  central  office. 
These  diagrams  illustrate  what  tremendous  variation  in 
calls  there  is  from  hour  to  hour,  and  give  some  idea  of 
the  very  careful  planning  that  is  necessary  in  order  to 
have  enough  operators  for  certain  busy  hours  and  not 
too  many  for  the  slack  hours  of  the  afternoon  and  even- 


ing. In  addition  to  the  regular  force,  certain  auxiliary 
or  relief  operators  are  employed  to  balance  the  number 
of  absences  and  resignations,  as  well  as  daily  vacancies 
in  the  force  due  to  operators  being  excused  by  reason  of 
their  having  worked  on  Sunday.  A  record  of  absentees 
is  kept  at  each  office ;  sufficient  absentee-relief  operators 
are  provided  to  cover  a  condition  somewhat  between  an 
average  and  a  maximum.  A  record  of  resignations  is 
also  kept  and,  in  order  that  trained  operators  may  be 
available  when  resignations  occur,  a  resignation  reserve 
is  employed ;  to  permit  operators  who  work  on  Sunday 
to  be  excused  some  other  day  of  the  week,  there  is  a 
force  of  Sunday  relief  operators,  one  of  which  force 
will  provide  during  the  calendar  week  a  relief  for  six 
operators  who  have  worked  on  Sunday. 

As  might  be  supposed,  the  problem  of  training  oper- 
ators to  fill  the  permanent  vacancies  that  necessarily 
occur  continually  in  so  large  a  force  is  no  mean  one, 
and  an  operators'  school  is  in  continuous  session.  Thirty 
years  ago,  when  the  telephone  pioneers  were  just  setting 
forth  on  their  long  path  of  experience  and  progress, 
bright  young  boys  of  fifteen  or  sixteen  were  engaged  to 
operate  the  crude  contrivances  that  were  then  called 
switchboards ;  but  their  outrageous  language  and  man- 
ners soon  pointed  to  the  expediency  of  employing  young 
women  operators.  Telephone  operating  means  more 
than  the  self-control  and  voice  modulation  that  we  have 
come  to  know  so  well.  Public  requirement  demands  a 
maximum  of  speed  and  efficiency,  with  a  minimum  of 
error.  So  came  to  be  established  the  operators'  school. 
Here  each  embryo  operator  must  first  show  herself  to 
be  well  poised,  gracious  and  alert.  The  telephone  "lan- 
guage," the  voice  inflections  and  finally  the  intricacies 
of  the  apparatus  itself  are  individually  taught  and  mas- 
tered ;  after  the  "theory"  there  is  practice — at  a  real 
switchboard,  but  one  without  communication  to  the  out- 
side world.  The  "subscribers"  are  the  instructresses, 
and  the  student  operators  here  train  their  fingers  and 
minds  by  handling  "dummy"  calls  of  the  hundreds  of 
the  varied  sort  that  will  later  come  to  her.  Though 
each  student  operator  is   paid  throughout  the  several 
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weeks  of  her  instruction,  she  does  not  take  a  position 
at  a  central  office  switchboard  until  she  proves  her 
efficiency  at  the  school. 

MAINTENANCE   AND   TROUBLE   TESTS 

A  synoposis  only  of  the  maintenance  and  testing 
work  is  possible  in  a  few  words.  Briefly,  a  subscriber's 
circuit  is  divided  into  three  parts,— the  inside  (central 
office  apparatus),  the  line  (which  may  be  underground, 
aerial  cable,  aerial  wire,  or  a  combination  of  all),  and 
the  substation,  which  is  the  apparatus  on  the  subscriber's 
premises.  Every  subscriber's  line  is  tested  six  nights  a 
week ;  and  as  this  test  is  made  successively  from  differ- 
ent positions  at  the  switchboard  each  night,  every  jack 
in  the  switchboard  is  tested  several  times  a  month,  de- 
pending on  the  size  of  the 
multiple.  By  means  of 
these  nightly  (except  Sat- 
urday) tests,  many  minor 
troubles  are  discovered, 
and  it  is  not  unusual  for 
the  trouble  man  to  call  at 
subscribers'  premises  be- 
fore the  latter  are  aware 
that  their  service  is  in  any 
way  affected. 

Another  test  which  is 
made  on  those  subscribers' 
lines  which  are  in  ex- 
changes equipped  with  au- 
tomatic ringing  is  the  "in- 
sulation break-down"  test, 
which  is  made  monthly  and 
also  immediately  after  elec- 
trical storms.  The  insula- 
tion test  consists  of  a  200 
volt  battery  in  series  with 
a  high-resistance  r  e  1  a  y, 
which  indicates  the  failure 
of  insulation  by  the  light- 
ing of  small  tungsten 
lamps.  One  portion  of  the 
standard  protection  appar- 
atus consists  of  open  space  cut-outs  which  normally 
break  down  at  350  volts.  This  is  accomplished  by  sep- 
arating two  small  carbon  blocks  by  mica  0.0055  inch 
in  thickness.  During  electrical  storms  and  due  to  damp 
conditions,  the  break-down  insulation  between  these  two 
blocks  decreases,  and  when  it  reaches  a  value  which  will 
break  down  at  about  150  volts  the  ringing  generator 
current  jumps  the  air  gap  and  operates  the  tripping 
relay  of  the  B  switchboard  cord-circuit,  previously  de- 
scribed. This  results  in  the  failure  of  the  subscriber's 
bell  to  ring.  The  test  above  described  is  also  applied  to 
all  lines  on  which  trouble  is  reported  and  on  which 
trouble  and  routine  inspections  are  made,  thus  safe- 
guarding the  service  to  the  highest  possible  degree. 

Each   cord-circuit    is   tested   every   week    as   to    its 
rmging,  signaling  and  listening  conditions,  as  a  guard 


TABLE   I— A   FEW   FACTS   AND    STATISTICS 

AS  OF  JULY  I,  1916 

The  New  Grant  Buildinx. 

Construction  Work  Begun March  21,  1914 

Building  Occupied June  I,  1915 

Central  Office  Installation  Begun April  24,  1915 

Length  of  Building 1 80  Feet 

Width  of  Building 58  Feet 

Height  above  Ground 157  Feet 

Depth  below  Ground 26  Feet 

Available  Floor  Space 62  000  Sq.  Ft. 

Weight  of  Steel  in  Structure 2740  Tons 

Approx.  Cost  of  Bldg.  and  Equipment .$1  420  000 

Operators    Employes 

Grant  Bldg.  (complete) 646  1426 

Pittsburgh 1537  2671 

The  Central  District  Telephone  Co . .  .         3347  5375 

The  Bell  Sj'stem 85  ooo        165  000 

Telephones 

Grant  Bldg.  (complete) 307 

Grant  Central  Office  Area 15  200 

Pittsburgh 85  000 

The  Central  District  Tel.  Co 200  000 

The  Bell  System 9  700  000 

Daily  Volume  of  Telephone  Calls 

Grant  Central  Office  * 75  000 

Information,  Toll  and  Long  Distance 13  400 

Pittsburgh 405  000 

The  Central  District  Tel.  Co 671  000 

The  Bell  System 32  000  000 

•Originating-  calls  only. 


against  cords  that  are  beginning  to  break  down  elec- 
trically or  mechanically.  As  an  example  of  how  finely 
some  tests  are  made,  a  brief  description  of  the  three- 
cord  supervision  tests  is  given. 

The  operator  first  tests  by  placing  the  cord-circuit  in 
a  switchboard  jack  marked  "Traffic  Cord  Test ;"  there 
is  a  shunt  resistance  constantly  in  circuit  of  10  000  ohms, 
which  is  to  cause  the  armature  of  the  relay  to  stick  if  it 
is  set  too  closely.  Then,  by  means  of  an  automatic 
device,  a  resistance  of  about  500  ohms  is  connected 
across  the  test  jack  120  times  a  minute,  which  gives,  in 
a  much  intensified  way,  the  same  operation  as  a  sub- 
scriber working  his  hook  up  and  down  on  a  line  of  high- 
loop  resistance.  Note  the  margins  of  safety ;  the  leakage 
current  through  10  000  ohms  is  ten  times  that  normally 
met  with  in  practice,  for 
the  standard  loop  insulation 
in  dry  weather  is  300000 
ohms  and  for  wet  weather 
is  100000  ohms  insulation 
resistance ;  500  ohms  is  an 
artificial  subscriber's  loop 
— the  average  is  200  ohms, 
with  a  maximum  of  300; 
the  receiver  hook  (imi- 
tated) is  operated  one  hun- 
d  r  e  d  times  a  minute — 
double  the  normal  speed  at 
which  a  subscriber  operates 
the  hook  when  recalling  the 
operator  and  three  or  four 
times  as  fast  as  the  hook 
should  be  operated  if  the 
operator's  attention  is  to  be 
secured  most  speedily. 

It  is  customary  each 
week  for  one  of  the  night 
men  in  the  "terminal  room" 
of  the  central  office  to  test 
every  relay  in  the  "routine 
testing  j  a  c  k,"  which  is 
twice  as  severe  a  test  as  the 
one  ])reviously  mentioned. 
The  lamp  must  flash  120  times  a  minute  under  the  fol- 
lowing conditions : — The  test  jack  is  short-circuited  for 
three  seconds  and  then  shunted  with  11 53  ohms,  and  the 
leakage  shunt  is  reduced  to  5431  ohms.  When  a  relay 
requires  adjustment,  the  fineness  of  the  test  is  again 
almost  doubled. 

Without  going  further  into  the  detail  tests  made  in 
the  central  offices,  it  may  be  said  that  special  routine 
tests  have  been  devised  and  equipment  installed  for 
testing  every  piece  of  apparatus  in  the  central  office  with 
sufficient  frequency  to  anticipate  practically  all  trouble 
before  the  service  is  affected.  The  periodicity  of  these 
tests  varies  from  daily  to  annually  according  to  the  im- 
portance and  delicacy  of  the  apparatus  in  the  circuit. 

In  order  to  determine  how  frequently  tests  should 
be  made,  data  was  collected  for  several  years,  showing 
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the  amount  of  trouble  experienced  for  each  type  of  relay 
in  each  class  of  circuit.  In  order  to  determine  the  best 
type  of  test  circuit  to  be  used  many  studies  were  made 
to  ascertain  the  most  severe  condition  under  which  the 
apparatus  would  be  required  to  operate  in  practice,  and 
then  the  test  circuits  were  so  designed  to  allow  a  very 
wide  margin  of  safety.  When  a  subscriber  calls  to  re- 
port line  or  instrument  trouble  of  an  unknown  sort  he 
is  connected  with  the  "trouble  operator."  Upon  learn- 
ing the  number  of  the  telephone  affected,  the  trouble 
operator  removes  the  proper  card  from  a  numerical  file 
of  subscribers  and  records  thereon  the  date  and  time 
and,  in  code,  the  nature  of  the  trouble.  If  the  sub- 
scriber's report  is  that  he  "can't  hear  well,"  the  operator 
enters  "C.H."  and  passes  the  card  along  to  the  test-man. 
The  latter  "orders  up  the  line,"  i.  e.,  the  B  operator  con- 
nects it  to  his  desk  and  he  tests  the  line  for  noise  and 
insulation  trouble  and  rings  the  subscriber,  thus  effect- 
ing a  break-down  insulation  test.  Next,  he  switches 
into  the  circuit  a  20  mile  artificial  cable  and  attempts  a 
conversation.  If  the  result  of  this  test  leaves  any  doubt 
as  to  the  nature  of  the  trouble,  an  inspector  is  sent  out, 
and  when  the  trouble  is  found  and  corrected,  the  card  is 
returned  to  its  proper  place  in  file. 

In  case  the  subscriber's  report  is  that  the  "bell  doesn't 
ring"  ("B.D.R."  is  the  customary  code  therefor),  the 
200  volt  break-down  test  is  applied ;  if  "can't  be  heard" 
("C.B.H."  is  the  code)  is  reported,  or  "can't  get  central" 
("C.G.C."),  particular  tests  are  used  according  to  the 
trouble  indicated  by  the  report. 

Permanent  signals  (the  code  is  "P.S.")  resulting 
from  subscribers  leaving  their  receivers  off  the  hook  or 
pushing  books  and  other  obstructions  under  the  re- 
ceiver so  as  to  lift  the  receiver  hook,  causes  the  greatest 
amount  of  trouble,  about  100  cases  of  this  sort  being 
reported  every  day  in  the  Grant  central  office  alone. 
The  routine  trouble  card  used  by  the  test  men  contains 
space  for  45  trouble  entries,  but  so  frequently  do  per- 
manent signals  result  on  some  lines  that  the  cards  there- 
for last  only  about  a  month. 

About  500  trouble  inspections  are  made  daily — in 
Pittsburgh  and  its  suburbs— of  subscribers'  telephones, 
a  total  of  100  000  telephones,  or  an  average  of  1.5  visits 
per  station  per  year. 

In  addition  to  actual  trouble  inspections,  special 
visits  are  made  even  when  no  trouble  is  reported,  merely 
for  testing  purposes,  and  many  service  interruptions 
are  accordingly  prevented.  Frequently  telephones  are 
slightly  in  trouble  for  long  periods  before  the  sub- 
scribers make  report  thereof,  and  it  is  particularly  with 
this  class  that  the  special  inspections  are  valuable;  the 
great  number  of  parts  replaced  and  the  frequency  of 
apparatus  adjustments  is  evidence  that  the  practice  is 
warranted  where  a  high  standard  of  service  is  to  be 
maintained,  especially  at  business  stations  where  the  rate 
of  calling  is  high  and  usage  of  the  apparatus  sometimes 
rather  rough. 

In  the  case  of  toll  line  maintenance,  routine  tests  are 
made  on  all  toll  circuits  daily — ringing,  listening,  talking 
and  volt-meter  tests.    Monthly  an  insulation  test  is  made 


on  each  individual  wire  and  the  insulation  in  meg-ohms 
is  ascertained  per  mile-wire.  Quarterly  toll-line  tests 
are  made  for  noise,  both  by  day  and  by  night.  Likewise, 
tests  are  made  semi-annually  with  the  Wheatstone  bridge 
to  check  the  ohmic  balance,  i.  e.,  the  similarity  of  the 
resistance  of  the  same  gauge  toll  line  wires  between 
certain  points,  while  annual  tests  are  made  to  determine 
the  amount  of  cross-talk  existing  between  different  cir- 
cuits on  the  same  pole  line;  cross-talk  is  the  very  faint 
talk  which  is  on  occasions  heard  when  a  conversation  is 
held  over  a  long  stretch  of  wire,  and  is  often  a  most 
elusive  leakage  to  deal  with. 

LIGHTING   AND   POWER   LOADS 

Lighting  and  power  loads  for  telephone  buildings  are 
subjects  of  constant  study  among  electrical  as  well  as 
telephone  companies.  The  lighting  load,  while  practi- 
cally nil  during  the  day,  is  almost  constant  throughout 
the  night.  The  power  load  usually  starts  about  8:30 
A.  M.  and,  with  little  variation,  is  over  at  5  P.  M. 
Therefore  only  in  the  late  afternoon  is  any  one  of  the 
supply  company's  peaks  encountered. 

For  the  Grant  building  there  are  installed  four  100 
kw  transformers  in  a  special  vault,  in  accordance  with 
the  city's  regulations.  The  telephone  companies  have 
at  some  points  undertaken  to  make  their  own  power, 
either  by  gas  engine  or  by  steam ;  but  as  a  rule  this  has 
usually  been  supplanted  by  central  station  power  later 
on.  A  few  years  ago  many  exchanges  of  the  Pittsburgh 
division  were  operated  by  gas  engine  plants,  but  these 
have  practically  all  been  replaced ;  the  absence  of  noise, 
reduction  of  fire  hazard  and  cost  of  attendance  are  all 
factors  influencing  the  purchase  of  power  from  outside 
sources  whenever  practicable. 

Altogether,  the  study  of  telephone  equipment  and 
operation  is  one  of  particular  interest,  not  only  to  the 
engineering  mind,  but  also  to  that  of  any  one  interested 
in  business  economics  and  efficiency.  The  telephone  art 
is  a  new  one;  for,  despite  the  forty  years  of  history  that 
lie  behind,  the  road  stretches  endlessly  ahead.  There 
are  almost  daily  presented  for  solution  problems  that  are 
quite  new — problems  involving  original  research  and 
study  along  paths  in  which  new  pioneering  must  be 
done.  The  realization  of  transcontinental  telephony 
and  across-the-ocean  speech  by  wireless  are  but  episodes. 
For  though  they  evidence  the  unusual  accomplishment 
of  the  600  scientists  and  specialists  which  makes  up  the 
engineering  corps  of  the  Bell  system,  yet,  when  all  is 
said  and  done,  they  serve  but  to  point  the  way  toward 
that  ultimate  realization  which  was  spoken  of  by  Chief 
Engineer  J.  J.  Carty,  of  the  American  Telephone  and 
Telegraph  Company,  when,  in  a  recent  paper  before  the 
Franklin  Institute,  he  said: — "No  one  can  tell  how  far 
away  are  the  limits  of  the  telephone  art.  I  am  convinced 
that  they  will  not  be  found  on  this  earth ;  for  I  firmly 
believe  that  some  day  we  will  build  up  a  world  telephone 
system,  making  necessary  to  all  people  the  use  of  a  com- 
mon language  or  a  common  understanding  of  languages 
which  will  join  all  of  the  people  of  the  earth  into  one 
brotherhood." 


Reversing  Roll  Motors  in  Steel  Mills 


W.  R.  Runner 

General  Engineering  Dept., 

Westinghoiise  Electric  &  Mfg.  Company 


A  WELL-KNOWN  characteristic  of  the  American 
steel  mill  operator  is  the  rapidity  with  which  he 
adopts  any  new  device  which  has  proven  itself 
well  suited  to  his  work.  The  rapid  adoption  of  the  elec- 
trically-driven reversing  mill  is  one  of  the  most  striking 
examples  of  this  characteristic.  One  and  one-half  years 
ago  there  were  two  electrically-driven  reversing  mills 
operating  in  the  United  States,  and  one  in  Canada,  with 
two  more  under  construction,  while  at  the  present  time 
15  mills  are  either  in  operation  or  being  constructed. 

This  rapid  spread  of  electrically-driven  reversing 
mills  is  due  largely  to  : — 

/ — Economy  of  operation. 
2 — Reliability  of  operation. 
S — Facilitating  metliods  of  mill  layouts. 

The  steel  which  has  been  converted  from  the  crude 
pig  iron,  either  by 
the  open  -  hearth 
or  the  Bessemer 
process,  is  cast 
into  ingots  weigh- 
ing from  4000  to 
8000  pounds,  o  r 
larger,  depending 
on  the  size  of  the 
mill.  These  ingots 
are  next  placed  in 
f  u  maces,  known 
as  soaking  pits, 
where  they  are 
left  until  they  at- 
t  a  i  n    a   uniform 

temperature  of  approximately  2200  degrees  F, 
are  then  ready  for  the  rolling  mill. 

The  layout  of  a  mill,  designed  for  rolling  sheet  bar, 
this  being  steel  bars  approximately  0.5  by  8  inches,  suit- 
able for  re-rolling  into  sheets,  is  shown  in  Fig.  3.  The 
ingot,  which  is  about  18  by  20  by  50  inches,  is  placed  on 
the  roller  table  at  A  and  is  rolled  down  to  the  mill.  This 
roller  table  consists  of  a  number  of  cast-steel  rollers 
driven  by  a  small  motor,  as  shown  in  the  immediate  fore- 
ground of  Fig.  2.  The  bloomer  or  main  rolls  are  the 
ones  whicn  are  grooved,  being  driven  through  spindles 
which  are  connected  to  two  large  pinions  with  a  one  to 
one  ratio  so  that  both  rolls  turn  at  the  same  speed.  The 
upper  roll  is  moved  up  and  down  by  means  of  a  small 
motor  mounted  on  the  top  of  the  mill,  the  distance 
between  the  rolls  being  indicated  by  dials  on  the  top  of 
the  mill. 

The  ingot  is  passed  through  the  bloomer  rolls  19  or 
21  times,  the  upper  roll  being  lowered  a  little  at  each 
pass.  The  metal  is  frequently  turned  through  an  angle 
of  90  degrees  by  an  electrically-operated  device  known 
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as  the  manipulator ;  this  turning  enables  the  operator  to 
keep  the  cross-section  of  the  metal  approximately 
square.  This  gradually  reduces  the  cross-section  of  the 
ingot,  and  increases  its  length,  until  it  is  8  inches  wide, 
3  inches  thick  and  approximately  62  feet  long.  This  is 
known  as  the  bloom.  This  bloom  is  then  sent  to  the 
shear  by  a  long  roller  table  and  is  cut  into  several 
pieces,  which  are  then  sent  through  the  various  rolls  of 
the  bar  mill,  finally  passing  through  the  bullhead  mill, 
this  giving  the  planishing  pass.  The  bar  now  has  a 
cross-section  of  one-half  inch  by  eight  inches  and  is 
ready  to  be  cut  into  commercial  lengths  and  shipped  to 
the  sheet  mill.  In  other  mills  the  bloom  may  be  rolled  to 
various  shapes  and  sizes,  such  as  I  beams,  angles,  etc., 
for  the  merchant  trade,  or  it  may  be  cut  to  short  lengths, 
known  as  billets,  for  re-rolling  in  bar  or  rod  mills.    The 

treatment  in  the 
bloomer  remains 
p  r  a  c  t  ically  the 
same,  the  size  of 
the  bloom  being 
determined  by  the 
final  product  t  o 
which  it  will  be 
rolled. 

The  electric  re- 
versing-mill 
drive*  of  the  type 
shown  in  Fig.  i 
consists  of  a  re- 
versing motor 
and  a  flywheel 
motor-generator  set,  together  with  the  necessary  ex- 
citers and  control  equipment.  The  flywheel  motor- 
generator  set  consists  of  a  wound-rotor  induction  motor 
driving  a  flywheel  and  two  direct-current  generators, 
these  generators  supplying  the  power  for  the  double- 
unit  reversing  motor.  In  this  installation  the  reversing 
motor  was  built  in  two  units,  mounted  on  the  same  shaft, 
to  reduce  the  inertia  of  moving  parts. 

A  schematic  diagram  of  connections  for  a  reversing- 
mill  drive  using  a  single-unit  motor  is  shown  in  Fig.  4. 
The  same  general  scheme  of  connections  is  used  with 
the  double-unit  set,  except  that  the  four  direct-current 
machines  are  in  series.  The  motors  and  generators  are 
alternated,  thus  placing  a  motor  in  each  circuit  between 
the  two  generators.  The  induction  motor  ACM  re- 
ceives its  power  from  the  main  switchboard  through  a 
series  transformer,  the  secondary  of  which  is  connected 
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*See  "Electric  Drive  for  Reversing  Rolling  Mills,"  by 
Messrs.  Wilfred  Sykes  and  D.  Hall,  Proceedings  A.I.E.B.,  June, 
'16.  p.  739,  and  "Electrically-Driven  Reversing  Mills,"  by  Mr. 
Wilfred  Sykes,  Proceedings  A.I.E.E.,  June,  '11,  p.  1285. 
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to  the  torque  motor  on  the  sHp  regulator  SR.  The 
direct-current  generator  of  the  set  is  connected  directly 
to  the  armature  of  the  reversing  motor,  the  circuit  pass- 
ing directly  through  the  field  of  the  exciter  SeE,  for  sup- 
plying the  series  excitation.  Two  small  exciters  SE  and 
ScE,  driven  by  SACM,  supply  the  field  current  for  both 


KIG.    2 — REVERSING    BLOOM    MILL 

Driven  by  8000  hp  motor,  at  the  Central  Steel  Company's  mill 
at  Massillon,  O. 

the  mill  motor  and  the  generator.  The  type  of  exciter 
set  used  consists  of  a  shunt  exciter,  driving  motor  and 
series  exciter,  as  shown  in  Fig.  5.  The  heavy  bar  field 
winding,  which  carries  the  reversing  motor  armature 
current,  may  be  seen  on  the  series  exciter. 

The  generator  field  is  excited  from  the  shunt  exciter 
through  the  necessary  control  to  vary  the  exciting  cur- 
rent from  zero  to  a  maximum  in  either  direction.  The 
motor  field  winding  is  made  up  of  two  separate  sets  of 
coils.  One  winding  receives  its  excitation  from  the 
shunt  exciter  and  is  known  as  the  constant  potential 
field,  while  the  other  winding  is  supplied  by  the  series 
exciter  and  is  known  as  the  variable  potential  field. 
Since  the  series  exciter  has  its  field  in  series  with  the 
main  circuit  between  the  motor  and  the  generator,  its 
voltage,  and  therefore  the  current  in  the  variable  poten- 
tial field,  will  be  proportional  to  the  current  flowing  be- 
tween the  machines.  This  gives  the  reversing  motor 
the  characteristics  of  a  compound  motor  without  the 
necessity  of  reversing  the  heavy  armature  currents  at 
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every  reversal  of  rotation,  as  would  be  necessary  with 
the  usual  type  of  compound  machine.  A  small  magnetic 
switch  reverses  the  variable  potential  field  and,  as  the 
current  is  less  than  ICK)  amperes,  this  method  of  com- 
pounding has  many  advantages  over  the  usual  type, 
where  it  would  be  necessary  to  reverse  a  circuit  carry- 
ing as  high  as  10  000  amperes. 

The  reversing  motor  is  controlled  from  the  mill 
pulpit  by  means  of  a  small  master  controller,  which 
actuates  the  magnetic  switches  constituting  the  field  con- 
trol for  the  equipment.  Relays  are  provided  to  prevent 
careless  operators  from  mistreating  the  apparatus,  and 
the  entire  equipment  is  so  designed  as  to  give  reliable 
operation  under  the  most  severe  conditions. 

The  general  scheme  of  operation  is  outlined  as  fol- 
lows : — With  the  motor-generator  set  and  the  exciter  set 
running  full  speed,  and  with  the  master  controller  in  the 
off  position,  the  reversing  motor  is  standing  with  full 
excitation  on  its  constant  potential  field.  When  the 
master  controller  is  moved  in  one  direction  or  the  other 


FIG.  3 — GENERAL  LAYOUT  OF  ROLLING  MILL 

2 — Soaking  pits  :  ^ — Blooming  mill ;  .; — Pinion  stands  ;  5 — 
Reversing  motor ;  6 — Circuit  breaker  panel :  7 — Exciter  set : 
S — Equalizer  set  for  reversing  motor  ;  9 — Slip  regulator  ;  10 — 
Switchboard  ;  // — Shear  motor  ;  12 — Bloom  shear  ;  /  ? — Bar  mill 
motor  and  control  with  rope  drive ;  14 — First  stand  bar  mill ; 
75 — Second  stand  bar  mill ;  16 — Bullhead  stand  bar  mill ;  77 — 
Bullhead  motor  with  reduction  gear ;  P — Operators'  pulpits ; 
A — Point  where  ingot  enters  mill ;  B — Point  where  finished 
product  leaves  mill. 


FIG.  4 — SCHEM.^TIC  DIAGRAM    OF   COX.NECTIONS   OF   A   LARGE 
REVERSING   MILL  DRIVE 

OCB— Oil  circuit  breaker  with  no-voltage  and  overload 
trip;  5i?— Automatic  liquid  slip  regulator;  .-JCl/— Alternatmg- 
current  wound  rotor  induction  motor;  DCG — Direct-current 
separatelv  excited  generators ;  £)0/— Direct-current  separately 
excited  roll  motors;  CB— Circuit  brealcers,  /—generator  field, 
, — main  circuit ;  R — Relay  for  operating  circuit  breaker  in  gen- 
erator field  ;  fC— Field  controller ;  5"£— Shunt  exciter  for  gen- 
erator and  roll  motor  fields ;  ^cfi— Roll  motor  exciter,  the  field 
of  which  is  separately  excited  by  the  main  direct-current 
circuit;  5'.'JCi\/— Alternating-current  squirrel-cage  induction 
motor;  F— Voltmeter  ;  ^—Ammeter;  IF— Wattmeter  ;  /^—Fly- 
wheel. 

the  motor  will  rotate  at  a  speed  and  in  a  direction  de- 
pending upon  the  position  of  the  controller  handle.  The 
motor  speed  is  controlled  by  varying  the  generator  volt- 
age up  to  full  vohage  on  the  generator,  speeds  above  this 
being  obtained  by  weakening  the  motor  field.  As  the 
load  comes  on  the  motor  the  vohage  on  the  series  exciter 
increases,  due  to  the  increased  current  in  the  main  cir- 
cuit. This  in  turn  increases  the  field  strength  of  the  roll 
motor,  causing  it  to  slow  down,  thus  decreasing  the 
strain  and  shock  on  the  mechanical  parts  of  the  motor 
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and  mill.  The  increased  field  strength  also  increases 
the  torque  available  for  handling  excessive  loads  due 
to  cold  metal  in  the  rolls  or  to  excessive  reductions. 

The  roll  motor  is  stopped  by  dynamic  braking.  When 
the  controller  handle  is  moved  towards  the  off  position 
the  generator  field  is  weakened,  causing  the  power  to 
flow  towards  the  generator.  The  generator  then  re- 
verses its  function,  now  acting  as  a  motor,  increasing  the 
speed  of  the  set  and  storing  energ)'  in  the  flywheel.  In 
this  way  a  large  part  of  the  energy  used  to  accelerate 
the  motor  is  reclaimed,  tests  showing  that  as  high  as  70 
percent  of  the  accelerating  energy  is  returned  to  the  set 
for  use  during  the  next  pass.  This  regenerative  action 
brings  the  motor  very  quickly  to  rest,  making  the  opera- 
tion of  the  mill  very  fast. 

Since  the  load  on  the  reversing  motor  during  the 
pass  may  be  from  three  to  five  times  the  average  load, 
this  peak  on  some  equipments  often  being  as  high  as 
15  000  hp,  it  will  be  seen  that  it  is  absolutely  necessary 
to  provide  some  means  of  equalizing  this  load.  This  is 
the  function  of  the  fly-wheel  on  the  motor-generator  set. 
As  the  load  comes  on,  the  torque  motor,  being  operated 
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from  the  series  transformer  in  the  primary  circuit  of 
the  driving  motor  on  the  set,  tends  to  separate  the 
electrodes  of  the  slip  regulator.*  When  the  load  in- 
creases beyond  the  setting  of  the  regulator  the  electrodes 
separate,  inserting  resistance  in  the  secondary  of  the 
induction  motor.  This  causes  the  motor-generator  set 
to  slow  down,  permitting  the  flywheel  to  give  up  a  part 
of  its  energy,  and  thus  take  the  peak  loads  without  draw- 
ing excessive  loads  from  the  line.  If  the  regulator  is 
set  to  operate  at  the  average  load  on  the  mill,  the  motor 
will  operate  at  this  load  continuously,  the  flywheel 
giving  up  energy  when  the  mill  load  is  in  excess  of  this 
average,  and  absorbing  energy  when  the  mill  load  is 
below  the  average.  This  ideal  condition  is  very  closely 
approximated  in  actual  service. 

The  reversing  motor  is  of  special  design  and  is  ex- 
tremely rugged,  both  mechanically  and  electrically,  to 
withstand  the  severe  strains  of  steel  mill  service.  Fig.  6 
shows  a   1 5  000  hp  double-unit  motor  having  a  speed 


range  of  o  to  120  r.p.m.  A  single-unit  motor  rated  at 
8000  hp,  having  a  speed  range  up  to  120  r.p.m.  and  the 
equalizer  set  for  this  motor  are  shown  in  Fig.  7.  These 
motors  are  very  substantially  built  and  all  parts  subject 
to  shock  or  strain  are  of  steel,  the  frame  and  spider 
being  steel  castings  of  such  design  that  the  maximum 


FIG.   6 — 15000   HP  DOUBI.E-UNrr   REVERSING    MOTOR 

United  Steel  Company, 
strength  is  secured  without  making  the  motor  unduly 
heavy  and  unwieldy.  The  pedestal  supporting  the  rear 
end  of  the  armature  is  also  of  cast-steel,  as  this  pedestal 
must  withstand  the  thrust  in  event  of  a  spindle  break- 
ing. The  stationary  half  of  the  thrust  bearing  used  is 
shown  in  Fig.  6,  the  hub  of  the  coupling  being  surfaced 
to  form  the  rotating  half  of  the  bearing. 

As  the  load  on  a  reversing  motor  fluctuates  very 
rapidly,  successive  peaks  being  only  two  to  three  seconds 
apart  during  the  first  few  passes,  it  is  necessary  to  make 
special  provision  to  secure  sparkless  commutation.  On 
the  ordinary  commutating-pole,  direct-current  motor  the 
sparking  which  accompanies  severe  load  fluctuations  is 
caused  by  the  shifting  of  the  field  due  to  the  changing  of 
the  armature  magnetization.    To  overcome  this  a  wind- 


FIG.   7 — 8000  HP  SINGLE-UNIT  REVERSING    MOTOR 

Installed  at  the  mill  of  the  Centra!  Steel  Company, 
Massillon,  O. 

ing,  known  as  the  compensating  winding,!  is  added. 
This  winding,  which  is  in  series  with  the  armature  cir- 
cuit, is  embedded  in  the  pole  faces  of  the  machine,  and 


*See  "Control  of  Induction  Motors  for  Rolling  Mill  Drive," 
by  Messrs.  Wilfred  Sykes  and  G.  E.  Stoltz,  in  the  Journ.\i,  for 
Dec,  '14,  p.  709. 


tSee  "The  Compensated  Generator,"  by  Mr.  David  Hall,  in 
the  Journal  for  Aug.,  '16,  p.  378. 
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is  so  proportioned  that  it  completely  neutralizes  the  field 
produced  by  the  currents  in  the  armature.  This  effec- 
tively prevents  all  shifting  of  the  field,  and  consequently 
insures  sparkless  commutation  throughout  the  most  se- 
vere load  fluctuations.     A  single-unit  reversing  motor 


FIG.   8 — 8000   HP   REVERSING    MOTOR 

Showing  compensating  windings. 

with  one-half  of  the  rear-end  bell  removed,  showing 
the  type  of  compensating  winding  used,  is  shown  in 
Fig.  8. 

The  equalizer  set,  consisting  of  a  wound-secondary 
induction  motor,  a  flywheel  and  one  or  more  direct- 
current  generators,  is  mounted  upon  a  large  cast-iron 
bedplate,  which  is  made  in  sections  to  facilitate  ship- 
ment and  erection,  the  sections  being  firmly  bolted  to- 
gether, thus  insuring  the  alignment  of  the  various  ma- 
chines. An  equalizer  set  for  use  with  a  12000  hp 
double-unit  reversing  motor  is  shown  in  Fig.  9  assem- 
bled without  the  flywheel.  The  flywheel  is  to  be  mounted 
on  the  short  shaft  between  the  two  large  bearings.  This 
shaft  is  coupled  to  the  motor  and  generator  shafts,  thus 
making  it  possible  to  dismantle  any  machine  without 
disturbing  the  heavy  flywheel  which,  on  this  set,  weighs 
approximately  90  000  pounds.  After  assembly,  the  fly- 
wheel is  covered 
by  a  sheet  -  steel 
case,  thus  reduc- 
ing the  windage 
losses  and  making 
accidental  contact 
with  the  running 
wheel  impossible. 
The  generators, 
since  they  must 
com  mutate 
the  same  fluctu- 
ating loads  as  the 


Since  the  induction  motor  supplies  only  the  average 
load  throughout  the  cycle  its  rating  is  much  lower  than 
that  of  the  generators.  For  example,  on  a  given  equip- 
ment having  motors  rated  at  12  000  hp  maximum  the 
generators  might  have  a  root  mean  square  rating  of  5000 
kw,  and  the  driving  motor  a  rating  of  3000  hp.  The 
ratios  of  the  driving  motor  capacity  and  the  generator 
capacity  to  the  maximum  rating  of  the  reversing  motor 
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FIG.  9 — EQUALIZER  SET 

For  12  000  hp  double-unit  reversing  motor. 


FIG.    10 — POWER   REQUIRED   TO   ROLL    STEEL 

Using  electric  reversing  motor  drive, 
depend  entirely  upon  the  class  of  rolling  and  must  be 
computed  for  each  proposition. 

The  economy  of  the  electric  drive  is  clearly  shown 
in  Figs.  10,  II  and  12.  The  horse-power-hours  per  ton 
of  steel  rolled,  plotted  against  the  number  of  times  the 
steel  is  elongated  in  the  mill,  is  shown  in  Fig.  10,  which 
shows  the  input  to  the  driving  motor  of  the  set,  and 
includes  all  losses.  The  economy  curve  of  a  5000  kw 
turbo-generator  set  giving  pounds  of  steam  consumed 
per  horse-power-hour  output,  including  all  losses  and 
steam  for  auxiliary  drive,  is  shown  in  Fig.  11.  It  will 
be  seen  from  Fig.  10  that,  at  ten  elongations,  21  hp-hrs. 
are  required  to  roll  one  ton  of  steel.  Assuming  70  per- 
cent load  factor  on  the  generating  station,  13.8  pounds 
of  steam  are  required  to  generate  one  horse-power-hour. 
It  will  therefore  require  290  pounds  of  steam  to  roll  one 
ton  of  steel  when  using  the  electric  drive.  Referring  to 
Fig.  12,  it  will  be  seen  that  the  reversing  engine  will  re- 
quire 570  pounds  of  steam  per  ton  of  metal  rolled  to 
ten  elongations.  This  curve  was  plotted  from  the  re- 
sults of  tests  on  a  large  modern  reversing  engine  and 

may  be  taken  as 
representative  of 
1  h  e  best  Amer- 
ican practice. 

The  first  cost 
"  f  the  electrical 
equipment  is 
irom  10  to  15  per- 
cent higher  than 
that  of  the  steam 
engine,  provided 
the  steel  mill  gen- 
e  r  a  t  e  s  its  own 


reversing  motor,  are  also  of  the  commutating-pole,  com- 
pensated type  described  under  the  reversing  motor. 
With  this  exception  the  set  construction  is  along  the 
standard  lines  of  design  for  moderate-speed  machines. 


power.  Should  central  station  power  be  purchased, 
which  is  frequently  the  case,  the  cost  of  electrical  equip- 
ment will  be  between  30  and  40  percent  less  than  that 
of  the  corresponding  steam  engine  equipment. 
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When  steam  engines  are  used  it  is  often  necessary, 
in  laying  out  the  mill,  to  modify  the  design  to  bring  the 
engines  within  reasonable  distance  of  the  boiler  plant 
and  condensing  water.  As  the  location  of  these  auxili- 
aries is  usually  fixed  by  considerations  other  than  the 
mill,  it  is  easily  seen  that  the  best  layout  as  far  as  rolling 
steel  is  concerned  must  give  way  to  a  modified  design  to 
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FIG.   II — ECONOMY  CURVE  OF  5000  KW   STEAM  TURBINE 

Having  150  pounds  steam  pressure  and  28  inches  vacuum. 

satisfy  these  other  conditions.  With  the  electrically- 
driven  mill  no  such  modifications  are  necessary.  The 
mill  can  be  laid  out  to  handle  the  steel  in  the  fastest  and 
most  economical  way  without  regard  to  the  location  of 
the  power  station.  The  power  station  may  in  turn  be 
located  close  to  the  fuel  and  water  supply  and  the  power 


transmitted  to  the  mill  with  merely  a  nominal  loss.  In 
this  way  an  economical  design  may  be  reached  both  in 
the  power  plant  and  in  the  mill. 

From  the  foregoing  it  will  be  seen  that  no  effort  has 
been  spared  to  make  the  electric  drive  for  reversing  mills 
a  more  economical  and  a  more  convenient  drive  than  the 
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FIG.    12 — STEAM    CONSUMPTION   PER   TON    OF    STEEL 

Using  a  modern  reversing  engine, 
reversing  steam  engine,  and  this  without  sacrificing  reli- 
ability. That  this  end  has  been  attained  is  shown  by  the 
fact  that  the  electric  drive  has  been  chosen  in  practically 
all  of  the  new  mills,  both  proposed  and  under  construc- 
tion. 


Commutating-Pole  Machines  With  the 
Brushes  Off  Neutral 


R.   L.   WiTHAM 

Industrial  Engineering  Dept., 
Westinghouse  Electric  &  Mfg.  Company 


ONE  of  the  prime  features  of  commutating-pole 
machines  is  that  good  commutation  with  a 
change  in  load  may  be  obtained  without  shifting 
the  brushes.  The  proper  position  for  the  brushes,  or  the 
neutral  position,  is  determined  for  each  machine  by  test 
before  it  leaves  the  factory,  and  the  brushes  are  set  in 
this  position  and  so  secured  as  to  maintain  the  proper 
brush  setting  permanently.  If  for  any  reason  this  set- 
ting should  be  disturbed,  there  are  three  important  ef- 
fects which  would  result  from  such  a  shifting  of  the 
brushes.    These  are : — 

I — K  change  in  voltage  in  the  case  of   a  generator  and  a 
change  in  speed  in  the  case  of  a  motor. 
2 — Poor  commutation. 
S — Increased  heating. 

The  extent  to  which  these  effects  become  evident 
depends  upon  the  amount  of  brush  shift  and  the  design 
characteristics  of  the  machine. 

EFFECT  ON  VOLTAGE  OF  GENERATOR 

A  two-pole  generator  having  also  two  commutating 
poles  is  represented  in  Fig.  i.  Assume  the  direction  of 
rotation  to  be  clockwise  and  the  brushes  to  be  in  the  neu- 


tral position.  The  direction  of  the  e.m.f.'s  and  currents 
in  field  and  armature  windings  will  be  as  shown,  using 
the  conventional  form  of  representation.  The  inner 
circle  of  dots  and  crosses  represents  the  direction  of  cur- 
rents actually  flowing  in  the  armature  coils,  while  the 
outer  circle  represents  the  direction  of  the  e.m.f.'s  in- 
duced in  those  same  coils  by  the  magnetic  field  set  up 
by  both  the  main  and  the  commutating  poles. 

Noting  the  direction  of  the  e.m.f.'s  induced  in  the 
armature  conductors  on  the  right  side  of  Fig.  i,  it  is 
seen  that,  although  the  e.m.f.  induced  in  the  conductors 
5i  to  e  is  in  the  same  direction  as  that  in  the  conductors 
e  to  /,  the  e.m.f.  induced  in  the  conductors  /  to  B^  is  in 
the  opposite  direction.  Similarly  on  the  other  half  of 
the  armature  the  e.m.f.  induced  in  the  conductors  from 
B„  to  c  aids  that  induced  in  the  conductors  c  to  rf  to  the 
same  degree  that  the  e.m.f.  induced  in  the  conductors 
from  d  to  B-^  opposes  it.  It  follows  then  that  with  the 
brushes  set  in  the  neutral  position  the  e.m.f.  of  the  gen- 
erator is  neither  increased  nor  decreased  by  the  cutting 
of  the  commutating-pole  flux. 

Assume  that  the  brushes  are  shifted  in  the  direction 
of  rotation  to  a  position  as  represented  by  S^  B^  in 
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Fig.  2.  The  e.m.f.  induced  in  the  armature  conductors 
from  /  to  B^  is  in  opposition  to  that  induced  in  the  con- 
ductors from  Bi  to  /,  while  on  the  other  side  of  the  arm- 
ature a  similar  condition  obtains  for  the  conductors 
from  d  to  B-^  in  relation  to  those  from  B^  to  d.  The 
efifect  of  the  commutating-pole  flux  then  is  in  opposi- 
tion to  that  of  the  main-pole  flux,  making  the  net  flux 
cut  per  revolution  less  than  with  the  brushes  at  neutral. 
Hence,  with  the  brushes  advanced  in  the  direction  of 
rotation  the  e.m.f.  of  the  generator  is  reduced  to  a  value 
less  than  that  given  with  the  brushes  in  the  neutral 
position. 

Assume  next  that  the  brushes  are  shifted  against  the 
direction  of  rotation  to  the  position  B^  B^  shown  in  Fig. 
_,  I  3.      In    this    case    the 

d  ®L;^-~J*   c  e.m.f.    induced    in    the 

'"?'^®®  conductors  from  B^  to 
e  aids  that  induced  in 
the  conductors  from  c 
to  5,,  and  on  the  other 
side  of  the  armature 
the  e.m.f.  induced  in 
the  conductors  from 
Bo  to  c  aids  that  in- 
duced in  the  conductors 
from  c  to  5i,  making 
the  net  flux  cut  per 
revolution  equal  to  the 
sum  of  the  main-pole 
and  the  commutating- 
pole  fluxes,  and  there- 
fore a  maximum.  It 
follows  then  that  mov- 
ing the  brushes  of  a 
commutating-pole  gen- 
erator backward  i  n  - 
creases  the  generated 
e.m.f.  In  all  of  the 
above  cases  the  speed  is 
assumed  to  be  constant. 

EFFECT  ON   THE  SPEED 
OF  A   MOTOR 

Consider  in  a  simi- 
lar manner  the  effect 
on  the  speed  of  a  com- 
mutating-pole m  o  t  o  r 
when  its  brushes  are 
shifted  from  the  neutral  position.  Assuming  that  the 
impressed  e.m.f.  is  constant,  at  any  given  load  the 
counter  e.m.f.  will  also  be  constant,  since  the  counter 
e.m.f.  equals  the  impressed  e.m.f.  minus  the  internal 
voltage  drop  of  the  machine.  The  speed  will  then  vary 
inversely  as  the  flux  cut  by  the  armature  conductors,  and 
the  efifect  of  brush  position  on  the  net  flux  cut  per  revo- 
lution can  be  considered  in  a  manner  exactly  similar  to 
that  just  employed  in  the  case  of  the  generator. 

The  conditions  existing  in  the  case  of  a  motor  with 
brushes  in  the  neutral  position  are  shown  in  Fig.  4.    As 


Fig,  3 
COMMUTATING-POLE  GENERATOR 

Fig.  1 — Brushes  at  neutral. 

Fig.  2 — Brushes  shifted  forward. 

Fig.  3 — Brushes  shifted  backward. 
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in  the  case  of  the  generator,  the  outer  circle  of  dots  and 
crosses  represents  the  direction  of  the  induced  e.m.f. 's, 
and  the  inner  circle  the  direction  of  currents  actually 
flowing  in  the  armature  winding.  Reference  to  the  right 
half  of  Fig.  4  shows  that  the  e.m.f.  induced  in  the  con- 
ductors from  e  to  /  is  aided  by  that  induced  in  the  con- 
ductors from  Bi  to  c  and  opposed,  to  an  equal  extent, 
by  the  e.m.f.  induced  in  the  conductors  from  /  to  B„. 
Similarly  the  e.m.f.  induced  in  the  conductors  from  B^ 
to  c  offsets  that  induced  in  the  conductors  from  d  to  B,. 
Therefore  the  effect  of  the  commutating-pole  flux  is 
neither  to  increase  nor  decrease  the  net  flux  cut  per 
revolution,  and  hence  the  speed  is  not  affected.  In  other 
words,  the  speed  is  the  same  in  either  direction  of  rota- 
tion. Because  of  this 
fact  the  neutral  is  com- 
monly located,  on  test, 
by  setting  the  brushes 
in  such  a  position  that 
the  speed  is  the  same  in 
both  directions  of  rota- 
tion. 

If  the  brushes  are 
advanced  in  the  direc- 
tion of  rotation  to  the 
position  shown  in  Fig. 
5,  the  e.m.f.'s  induced 
in  the  conductors  B^  e 
B2  are  all  in  the  same 
direction,  and  the  same 
thing  is  true  in  regard 
to  the  e.m.f's  induced 
in  the  conductors  B^  c 
B^.  It  is  therefore  evi- 
dent that,  with  this  po- 
sition of  the  brushes, 
the  net  flux  cut  per  rev- 
olution is  a  maximum, 
and  hence  the  speed, 
which  varies  inversely 
as  the  flux,  is  a  mini- 
mum, i.  e.,  the  speed  de- 
creases as  the  brushes 
are  moved  from  neu- 
tral in  the  direction  of 

COMMUTATING-POLE    MOTOR 

armature  rotation.  pjg  4_Brushes  at  neutral. 

Where   the   brushes     Fig.  5 — Brushes  shifted  forward, 
are  shifted  against  the      Fig- ^-Brushes  shifted  backward. 

direction  of  rotation  to  the  position  B^  B„,  as  shown  in 
Fig.  6,  it  is  seen  that  the  e.m.f.  induced  in  the  conductors 
from  /  to  Bo  opposes  that  induced  in  the  conductors 
from  Bj  to  /,  and  similarly  the  e.m.f.  induced  in  the  con- 
ductors from  d  to  B^  opposes  that  induced  in  the  con- 
ductors from  Bo  to  d.  The  action  of  the  commutating- 
pole  flux  in  this  case  is  therefore  in  opposition  to  that  of 
the  main-pole  flux,  reducing  the  net  flux  cut  per  revolu- 
tion to  a  minimum  and  making  the  speed  a  maximum.  In 
other  words,  the  effect  of  shifting  the  brushes  backward 
in  a  commutating-pole  motor  is  to  increase  its  speed. 
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These  effects  are  clearly  shown  by  the  curves  in  Fig. 
7.  The  brushes  were  shifted  as  far  as  possible  in  each 
direction,  their  range  of  motion  being  limited  by  the  size 
of  the  slot  in  the  bracket  which  supports  the  bearing  and 
brushholder.  In  the  extreme  positions  the  brushes  were 
distant  from  the  neutral  about  five  percent  of  the  pole 
pitch.  This  position  of  the  brushes  gave  a  full-load 
speed  approximately  nine  percent  higher  or  lower  (ac- 
cording to  whether  the  brushes  were  shifted  backward 
or  forward)  than  the  full-load  speed  with  the  brushes 
at  neutral.  As  the  curves  in  Fig.  7  indicate,  the  greater 
the  load,  the  greater  the  change  in  speed,  since  the 
commutating-field  strength  increases  with  an  increase 
of  load. 

EFFECT  ON    COMMUTATION 

In  a  commutating-pole  machine,  the  commutating- 
pole  winding  is  designed  to  produce  as  nearly  as  possible 
just  the  proper  amount  of  magnetic  flux  to  overcome  the 
reactance  voltage  and  thus  reverse  the  current  in  those 
armature  coils  which  are,  at  any  moment,  short-circuited 
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FIG.  7 — EFFECT  OF  BRUSH  POSITION  ON  SPEED 

20  hp,  230  volt,  650  r.p.m.  commutating-pole  motor, 
with  various  loads. 


by  the  brushes,  during  the  time  that  they  are  short- 
circuited,  the  brushes  being  at  neutral.  If  too  much  or 
too  little  flux  is  provided  the  e.m.f .  induced  thereby  will 
not  be  of  the  proper  value  and  sparking  will  result. 
Since  there  is  a  great  variation  in  flux  density  in  differ- 
ent parts  of  the  neutral  zone  (the  space  between  two 
consecutive  main  poles),  it  is  evident  that  even  a  small 
shifting  of  the  brushes  means  that  commutation  takes 
place  in  a  field  of  quite  different  strength  than  with  the 
brushes  at  neutral,  and  hence  commutation  is  likely  to 
be  impaired. 

In   the   motor   referred   to   in   Fig.    7,   the   commu- 
tation  was  very  good  throughout  the  entire  range  of 


brush  positions,  but  this  was  unusual.  The  low  speed  of 
operation,  the  few  turns  per  commutator  segment  and 
the  narrow  commutating  zone  (due  to  the  fact  that  all 
of  the  coils  undergoing  commutation  in  any  one  neutral 
zone  occupied  the  same  slot)  all  contributed  to  this  con- 
dition. Had  the  speed  and  number  of  turns  per  com- 
mutator bar  been  greater,  the  reactance  voltage  would 
have  been  increased,  reducing  the  probability  of  good 
commutation ;  and  if,  in  addition,  the  commutating  zone 
had  been  very  wide  it  would  have  been  thrust  into  the 
fringing  field  of  the  adjacent  main  pole  with  even  a 
slight  shifting  of  brushes,  and  this  would  have  produced 
a  still  greater  tendency  toward  poor  commutation. 

EFFECT  ON    HEATING 

It  is  practically  impossible  to  predetermine  from  the 
design  data  of  a  machine  what  heat  effects  will  result 
from  a  shifting  of  the  brushes,  but  it  is  nevertheless  a 
fact  that  if  the  short-circuited  armature  coils  are  moved 
into  an  abnormally  strong  field-flux,  the  e.m.f.'s  induced 
in  them  may  be  the  cause  of  abnormally  high  currents, 
perhaps  five  to  ten  times  full-load  current,  and  this  may 
result  in  injurious  overheating  of  the  commutator. 
These  currents  cannot  easily  be  measured,  but  their 
effect  may  become  quite  evident. 

CONCLUSION 

From  the  above  discussion  it  follows  that  there  are 
certain  undesirable  conditions  which  may  result  from 
the  brushes  of  a  commutating-pole  machine  being  off 
neutral.  It  is  possible  to  obtain  a  small  change  in  the 
operating  speed  of  a  motor  by  shifting  the  brushes 
from  the  neutral  position,  provided  that  the  commuta- 
tion characteristics  of  the  machine  permit  and  rotation 
in  only  one  direction  is  required.  If,  however,  reversi- 
bility of  operation  is  desired,  it  is  obvious  that  the  speed 
of  a  machine  will  be  as  much  above  neutral  speed  in  one 
direction  as  it  is  below  it  in  the  other  direction.  Due 
to  the  fact  that,  when  the  brushes  are  shifted,  the  change 
in  speed  increases  with  an  increase  of  load,  a  motor  with 
a  rising  speed  characteristic,  when  its  brushes  are  at  neu- 
tral, may  be  given  a  flat  or  drooping  characteristic,  and 
hence  greater  stability,  by  advancing  its  brushes  from 
the  neutral  position,  provided  that  bad  commutation  or 
excessive  short-circuit  currents  do  not  result  therefrom. 
Shifting  of  brushes  for  the  sole  purpose  of  obtaining  a 
certain  speed  cannot  in  general  be  recommended  as  an 
advisable  procedure. 

In  no  part  of  the  above  discussion  has  the  eft'ect  of 
field  distortion  produced  by  the  armature  cross-magnet- 
izing ampere-turns  been  considered.  Since  none  of  the 
conclusions  reached,  except  in  the  case  of  the  curves  in 
Fig.  7,  are  in  any  sense  quantitative,  a  consideration  of 
this  effect  would  in  no  way  alter  the  results. 


Modern  Types  of  Direct-Current  Machines' 

Uavid  Hall 

THE  modern  type  of  direct-current  machine  with  commutating  poles  and  compensating  windings  presents  a 
certain  complication  as  compared  with  the  plain  non-commutating-pole  machine.    The  user  of  such  a  machine 

naturally   asks : "Why   the   additional   complication  ?"     He  may  even  think  that  his  old  machine  is  as  good 

as  can  be  desired  and  for  its  particular  application  this  may  be  true ;  yet  the  modern  machine  is  cheaper.    The 

materials copper  and  the  steel — are  more  expensive,  yet  the  design  of  the  modern  machine  is  such  that  more 

output  and  better  performance  can  be  obtained  from  the  same  amount  of  material.  The  user  is  primarily 
interested  in  cost  and  performance.  In  other  words,  he  wants  a  machine  to  perform  a  given  duty  satis- 
factorily. Simplification  is,  of  course,  desirable.  To  obtain  certain  characteristics  may  require  additional 
parts  and  one  of  the  functions  of  design  is  to  decide  whether  the  additional  parts  and  complications  are 
justified  by  the  improved  operation.  Before  endeavoring  to  set  forth  the  advantages  or  disadvantages  of 
any  particular  construction  or  type  of  machine,  it  is  advisable  to  consider  the  electrical  machine  in  its  most 
elementary  form.  A  simple  view  of  an  electrical  machine  makes  any  of  its  functions  and  possibilities  very 
evident.  Hence  it  is  justifiable  to  spend  some  time  in  forming  fundamental  conceptions  and  fixing  these 
conceptions  clearly  in  the  mind. 


A  DIRECT-CURRENT  motor  or  generator  may  be 
considered  as  a  certain  mass  of  steel  to  provide 
a  path  for  magnetic  flux,  and  a  mass  of  copper 
to  provide  a  path  for  electric  currents.  In  this  concep- 
tion, there  are  the  two  main  elements, — fltix  capacity 
and  current  capacity.  These  two  elements  constitute 
the  backbone  of  the  machine.  Further  deductions  as  to 
what  can  be  obtained  from  a  given  machine  will  all 
revert  to  these  two  factors. 

FLUX    CAPACITY 

In  rotating  electrical  machines,  the  primary  inter- 
est centers  in  the  total  flux  which  passes  through  the 
air-gap  between  the  stator  and  the  rotor,  and  which 
is  cut  during  rotation  by  the  belt  of  copper  con- 
ductors, distributed  on  the  armature.  The  gap  area, 
that  is,  the  circumference  of  the  armature  multiplied 
by  the  length  of  the  armature  core,  provides  a  measure 
of  this  flux  capacity.  If  D  =  diameter  of  armature, 
and  L  =  length  of  armature,  the  flux  is  proportional 
to  DL. 

While  the  flux  capacity  for  a  unit  area  of  gap  is  not 
the  same  for  all  machines,  yet  for  a  given  class  of  ma- 
chine the  air-gap  area  can  be  considered  a  fairly  ac- 
ctirate  measure  of  the  flux  capacity,  and  it  is  therefore 
evident  that  the  flux  capacity  of  any  machine  increases 
directly  as  the  diameter  of  the  rotor  increases,  and 
directly  as  the  length  of  the  rotor  increases.  Thus,  flux 
capacity  may  be  looked  upon  as  air-gap  area,  and  any 
changes  which  increase  or  decrease  the  air-gap  area 
would  cause  a  corresponding  increase  or  decrease  in  flux 
capacity.  The  steel  above  and  below  the  air-gap  may  be 
looked  upon  as  a  necessary  evil — simply  a  carrier  to 
make  possible  the  air-gap  flux,  as  also  may  the  field 
copper  be  looked  upon  as  a  necessary  evil — simply  a 
means  of  producing  the  air-gap  flux. 


*Revised  from  a  paper  read  before  the  Association  of  Iron 
and  Steel  Electrical  Engineers,  Sept.  20,  1916. 


CURRENT    CAPACITY 

The  conductors  adjacent  to  the  air  gap  niay  be  con- 
sidered as  a  belt,  having  a  definite  area  of  cross-section ; 
that  is,  the  total  copper  section  is  equal  to  the  cross- 
section  of  the  copper  in  one  slot,  multiplied  by  the  num- 
ber of  slots.  If  we  look  upon  this  total  cross-section  as 
the  area  of  one  wire,  we  have  a  measure  of  the  ampere- 
wire  capacity,  that  is,  the  current  which  all  these  con- 
ductors would  be  capable  of  carrying  when  connected  in 
parallel.  If  this  cylindrical  belt  of  conductors  be  con- 
sidered as  one  large  wire,  then  the  total  current  which  is 
carried  represents  the  ampere-wire  capacity  of  the  wind- 
ing. The  ampere-wire  capacity  is  entirely  dependent  on 
this  section  of  the  copper, hence, other  things  being  equal, 
the  section  will  increase  directly  as  the  diameter  of  the 
armature  increases,  and  it  is  independent  of  the  length  of 
the  armature ;  that  is,  armature-wire  capacity  is  propor- 
tional to  D.  While  the  ampere  capacity  for  a  tmit  area  of 
copper  is  not  the  same  for  all  machines,  yet  for  a  given 
class  of  machines  the  copper  section  may  be  considered  a 
fairly  accurate  measure  of  the  ampere-wire  capacity. 

With  flux  capacity  proportional  to  gap  area,  and 
ampere-wire  capacity  proportional  to  copper  section,  a 
measure  of  a  given  machine  is  available,  whether  it  be  a 
motor  or  a  generator,  alternating  or  direct  current,  and 
whether  it  stands  still  or  rotates.  The  windings  may  be 
considered  as  a  cylindrical  copper  cage ;  the  total  cross- 
section  of  all  of  the  bars  of  this  cage  is  a  measure  of  the 
ampere-wire  capacity,  and  increasing  the  length  of  the 
cage  does  not  change  the  ampere-wire  capacity.  It  is 
evident  that  the  ampere  capacity  of  these  wires  will  de- 
pend on  how  well  they  are  ventilated ;  consequently  for 
the  same  temperature  rise,  the  better  the  ventilation,  the 
more  current  can  be  carried  by  a  given  section  of  copper. 
Hence  the  necessity  of  well-ventilated  armatures.  With 
a  given  ventilation,  a  given  diameter  of  armature  and  a 
given  section  of  armature  winding,  the  ampere-wire  ca- 
pacity is  fixed.    That  is,  if  all  the  conductors  surround- 
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ing  the  armature  are  considered  as  a  single  wire,  there  is 
sufficient  copper  section  for  a  definite  current.  How- 
ever, if  these  armature  conductors  are  so  connected  as  to 
use  one-half  of  them  to  carry  current  from  the  front 
of  the  armature  to  the  back,  and  the  other  half  to  carry 
the  current  from  the  back  of  the  armature  to  the  front, 
the  number  of  conductors  will  be  doubled  and  the  num- 
ber of  amperes  halved,  but  the  product  of  the  amperes 
and  the  conductors,  that  is,  the  ampere-wire  capacity, 
will  remain  constant.  The  same  armature  may  have  looo 
amperes  and  one  wire,  or  one  ampere  and  lOOO  wires. 

So  far  output  or  speed  have  not  been  mentioned.  It 
is  evident  that  at  zero  speed  the  output  is  zero.  If  the 
armature  is  rotated,  the  voltage  generated  will  be  de- 
pendent on  the  flux,  the  speed,  and  the  number  of  wires 
in  series,  and  as  the  output  is  dependent  on  the  product 
of  voltage  and  amperes,  it  must  be  proportional  to  flux, 
speed,  amperes  and  wires.  It  is  the  variation  of  these 
four  factors  which  constitutes  the  many  ratings  which 
are  obtainable  from  a  given  mass  of  steel  and  copper, 
armature  of  given  di- 

Output  =  Flux  X 
Speed  X  Amperes  X  /    ' 

Wires  X  Constant — 
From  this  simple  for- 
m  u  1  a  a  number  of 
facts  are  easily  ob- 
served. If  a  maxi- 
mum output  is  to  be 
obtained  from  an 
mensions,  the  flux 
must  be  made  maxi- 
mum, and  the  ampere 
wires  must  be  made 
maximum.  On  a  given 
armature  there  is  only 
a  certain  space  avail- 
able for  flux  and 
wires.  It  is  not  essen- 
tial that  an  armature 
of  given  dimensions 
and  for  a  given  rating 

be  worked  always  at  the  same  flux,  but  when  the 
flux  is  fixed,  the  wires  will  also  become  fixed ;  either 
of  these  may  be  changed,  but  they  must  change  to- 
gether. If  the  flux  is  increased,  the  wires  will  be  de- 
creased, and  vice  versa.  Hence  it  is  that  from  the  same 
diameter  and  length  of  armature  a  machine  of  a  given 
rating  may  be  designed  with  a  relatively  large  amount 
of  flux  and  a  small  number  of  ampere  wires  or,  on  the 
other  hand,  the  machine  may  be  made  with  relatively 
small  amount  of  flux  and  a  large  number  of  ampere 
wires.  The  former  machine  will  require  a  large  amount 
of  steel  and  a  small  amount  of  copper ;  the  latter  ma- 
chine the  reverse.  As  the  weight  of  the  machine  is 
determined  principally  by  the  amount  of  steel,  the  for- 
mer machine  will  be  heavy  as  compared  with  the  latter. 
Thus  it  is  that  two  diiiferent  designs  for  a  given  rating 
may  be  made ;  one  might  be  called  a  steel  machine,  that 


FIG.    I — 8000    HP  COMPENSATED 

For  auotlier  view  of  this 


is,  a  heavy  machine ;  the  other  might  be  called  a  copper 
machine,  that  is,  a  light  machine.  These  dififerent  rela- 
tive proportions  of  steel  and  copper  constitute  dififerent 
performances  and  cost,  and  it  is  around  these  factors 
that  designs  may  be  said  to  revolve. 

In  observing  the  above  formula  and  considering  that 
the  flux,  as  it  enters  the  air  gap,  is  perpendicular  to  the 
wires  on  the  armature,  one  might  suggest  that  the  outjjut 
could  easily  be  increased  by  making  the  armature  slots 
narrow  and  deep  instead  of  wide  and  shallow.  This  is 
true,  and  the  slots  are  made  as  deep  as  can  be  permitted, 
taking  all  other  factors  into  consideration.  As  deep 
slots  increase  the  self-induction  due  to  current  reversal 
and  as  deep  conductors  may  introduce  other  losses  at 
high  speeds,  slow-speed  machines  contain  deep  slots 
while  high-speed  machines  contain  relatively  shallow 
slots.  The  high-speed  machine  ventilates  better  than  the 
low-speed  machine,  and  consequently  the  copper  can  be 
worked  at  a  higher  density.  As  a  rule,  the  high-speed 
machine  will  have  a  higher  self-induction,  and  in  order 

to  obtain  good  inher- 
^^  e  n  t  commutation  it 
generally  becomes  ad- 
visable to  use  rela- 
tively shallow  slots. 
From  the  standpoint 
of  efficiency,  these  rel- 
ative proportions  are 
also  desirable  ;  that  is, 
slow  -  speed  machines 
require  a  large 
amount  of  copper, 
and  high-speed  ma- 
chines can  be  made 
w  i  t  h  relatively  less 
copper. 

From  the  same 
frame  of  a  machine 
there  may  be  obtained 
many  outputs,  de- 
pending on  the  speed. 
For  example,  from 
obtained  100  kw  at  100 
and    1000  kw   at    1000 


MOTOR   FOR  REVERSING   SERVICE 

motor,  see  Fig.  7,  p.  529. 


the  same  frame  there  can  be 
r.p.m.,  200  kw  at  200  r.p.m. 
r.p.m.,  speaking  generally,  as  regards  the  flux  and 
ampere  wires.  For  changes  in  voltage,  changes  in  the 
number  of  poles  will  become  necessary.  If  a  machine  is 
properly  constructed  to  give  100  kw  at  100  volts,  when 
running  at  lOO  r.p.m.,  this  same  machine  will  give  200 
kw  at  200  volts  when  running  at  200  r.p.m.,  and  1000 
kw  at  1000  volts  when  running  at  1000  r.p.m.,  if  there 
were  not  other  limitations,  both  mechanical  and  elec- 
trical, which  prevent  this  simple  procedure  being  applied 
over  a  very  wide  range  of  ratings  and  speeds.  As  the 
voltage  obtained  from  a  given  frame  is  dependent  on 
the  flux,  speed  and  wires,  if  the  speed  is  set,  the  wires 
will  have  to  be  increased  in  order  to  increase  the  volt- 
age ;  and  as  the  product  of  amperes  and  wires  is  a  con- 
stant, the  wires  can  only  be  increased  by  reducing  the 
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ampere  capacity ;  hence  it  is  that  the  same  frame  of  a 
machine  may  be  used  to  give  lOO  kw,  lOO  volts,  looo 
amperes  at  lOO  r.p.m.,  and  also  lOO  kw,  200  volts,  500 
amperes  at  100  r.p.m.  The  latter  machine  has  twice  the 
number  of  wires  and  twice  the  voltage,  but  one-half  the 
ampere  capacity.  In  other  words,  the  capacity  of  a 
given  frame  is  proportional  to  its  speed,  and  the  volt- 
age at  a  given  speed  is  proportional  to  the  wires  con- 
nected in  series  on  the  armature. 

If  the  total  current  is  large,  it  is,  in  general,  desirable 
to  have  a  relatively  large  number  of  paths  in  the  arma- 
ture. Hence,  on  large  current  machines,  a  large  number 
of  poles  are  used,  and  on  small  current,  high-voltage  ma- 
chines, a  small  number  of  poles  constitute  the  best  de- 
sign. Increasing  the  length  of  a  given  armature  in- 
creases the  flux  capacity,  but  it  does  not  increase  the 
ampere-wire  capacity ;  hence  the  output  of  the  armature 
will  increase  directly  with  its  length.  Increasing  the 
diameter  of  an  armature  increases  both  the  flux  capacity 
and  the  ampere-wire  capacity ;  hence  the  output  of  an 
armature  increases  directly  with  the  square  of  the  diam- 
eter. Thus  output  is  proportional  to  D^L,  and  kru  =  D' 
X  L  X  r.p.m.  X  output  factor. 

The  aim  of  the  designer  is  to  obtain  a  high  output 
factor,  that  is,  to  obtain  a  large  output  for  a  given  arma- 
ture diameter  and  given  length  of  armature;  in  other 
words,  he  endeavors  to  proportion  the  machine  so  as  to 
get  maximum  output  at  minimum  cost.  One  way  of 
accomplishing  this  is  to  ventilate  the  various  parts  so  as 
to  enable  the  maximum  watts  to  be  dissipated  with  least 
amount  of  heating.  For  example,  the  armature  core 
may  have  a  liberal  number  of  air  ducts,  and  the  arma- 
ture spider  may  be  designed  to  easily  admit  the  air  into 
the  core.  This  output  factor  represents  what  may  be 
called  the  loading  factor  of  the  armature,  or,  in  other 
words,  the  magnetic  flux  per  inch  of  length,  and  the 
armature  ampere  wires  per  inch  of  armature  diameter. 

Let  F  =  Number   of    lines    of   flu.x   per    inch    of 
diameter  per  inch  of  length  of  armature. 
A  =  .\rmature  ampere  wires  per  inch  of  arm- 
ature diameter. 
Then  total  flux  —  P  x  D  X  L- 

As  the  cutting  of  10^  magnetic  lines  per  second  by 
one  conductor  generates  one  volt,  and  as  each  conductor 
or  wire  on  the  armature  cuts  the  total  air-gap  flux  once 
in  one  revolution,  the  expression  for  the  voltage  gener- 
ated is, — 

Wires 
60      ^  ' 


Volts  ■ 


FXDXL      R.p.m. 


In  this  formulae, — -. r-   represents  the  number  of 

circuits 

wires  in  series  on  the  armature.  For  example,  a  six- 
pole  machine  may  have  the  winding  so  connected  to  the 
commutator  bars  as  to  give  six  paths  in  the  armature. 
That  forms  what  is  generally  called  a  multiple  armature 
winding,  and  the  ends  of  an  armature  coil  connect  to 
adjacent  commutator  bars.  This  type  of  winding  is  used 
in  practically  all  large  machines,  that  is,  the  number  of 
circuits  in  the  armature  is  the  same  as  the  number  of 


poles.  The  armature  winding  may  be  so  connected  to 
the  commutator  as  to  give  only  two  paths  in  the  arma- 
ture. The  latter  winding  would  be  called  a  two-circuit 
winding.  With  the  same  number  of  commutator  bars 
and  the  same  number  of  turns  per  coil,  the  six-circuit 
winding  will  give  one-third  as  many  volts  as  the  two- 
circuit  winding,  but  it  would  have  three  times  the  cur- 
rent capacity.  It  will  be  observed  that  the  ampere-wire 
capacity  is  the  same  in  both  windings.  If  the  six-circuit 
winding  gives  100  volts  and  3000  amperes,  the  two- 
circuit  winding  would  give  300  volts  and  lOOO  amperes. 
Multiplying  both  sides  of  the  above  equation  by  am- 
peres, we  obtain : — 

,,  „        ,  FDL    R.p.m.      Wires 

Volts  X  Amps.  =  -j^X  —6B~'X  Circuils^'^'"^^-  f'"' ""''^^  Circuits 

FDL      R.p.m. 
=     j^a   X  —^ —  X  A  mpere-wires. 

FDL       R.p.m. 
=  -t:5-x-^t-  XA  XD 


60 


=  D'-XLX  R.p.m.  X 


(.FXA) 
60  X  10^ 


This  equation  provides  an  expression  for  the  total 
watts  of  the  machine.  The  term  in  the  parenthesis  is 
the  output  factor.  The  output  which  is  obtainable  from 
a  given  size  armature  at  a  given  speed  depends  upon  the 
flux  per  inch  and  the  ampere  wires  per  inch.  The  higher 
these  two  factors  are  worked,  the  more  will  be  the  out- 
put from  a  given  armature.  These  two  factors  have 
their  limits.  If  the  flux  is  too  high  a  large  amount  of 
field  copper  is  required,  at  a  consequent  increase  in  cost. 
Also,  if  the  flux  density  in  the  armature  teeth  and  core  is 
made  high,  the  iron  loss  will  be  high.  The  actual  loss  in 
the  iron  will  increase  much  faster  than  the  density  in- 
creases. In  slow-speed  machines,  the  iron  loss  is  usually 
very  small  because  of  the  low  frequency ;  consequently, 
this  does  not  become  the  limiting  factor,  but  in  high- 
speed machines,  that  is,  machines  of  30  cycles  or  more, 
the  iron  loss  begins  to  be  a  considerable  factor  in  the 
total  losses,  and  must  be  kept  down  in  order  to  make 
high  efficiencies  possible. 

The  ampere-wire  loading  of  the  machine,  as  has  been 
observed,  is  a  direct  factor  in  the  output ;  hence  the  de- 
sirability of  making  this  high.  The  current  density 
which  can  be  used  in  the  armature  conductor  will  de- 
pend on  the  ventilation,  the  permissible  heating  and  the 
efficiency  which  must  be  obtained.  The  section  of  cop- 
per which  can  be  put  on  a  given  armature  will  depend 
on  the  size  and  shape  of  the  slots.  As  flux  capacity  and 
ampere-wire  capacity  are  equally  important  in  obtaining 
output,  and  as  the  increase  of  one  means  the  decrease  of 
the  other,  the  design  becomes  a  compromise.  If  the  arm- 
ature slots  are  made  narrow  and  deep,  they  interfere  the 
least  with  the  available  section  of  iron  for  the  flux.  As 
has  long  been  known,  armatures  with  narrow  deep  slots 
have  more  self-induction  due  to  current  reversal  than 
armatures  with  wide  shallow  slots,  and  while  the  ca- 
pacity of  such  armatures  from  the  heating  standpoint, 
as  shown  by  our  formulae,  may  be  very  large,  the  com- 
mutation limit  might  be  much  lower.     The  above  for- 
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niulae  have  in  no  way  taken  commutation  into  considera- 
tion, and  if  there  is  any  one  element  in  a  direct-current 
machine  which  is  more  important  than  all  other  elements 
it  is  commutation. 

For  many  years,  previous  to  their  general  use,  com- 
mutating  poles  were  well  known,  but  the  requirements 
imposed  by  the  users  of  electrical  machines  were  being 
met  in  a  reasonably  satisfactory  manner  with  the  old 
non-commutating-pole  designs.  Necessity  for  machines 
with  greater  overload  capacity,  for  machines  of  high 
speed,  for  wide  range  variable  speed  motors,  for  gener- 
ators capable  of  operating  over  a  wide  range  of  voltage, 
for  machines  which  would  stand  reversal  either  mechan- 
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FIGS.  2,  3  and  4 — field  form  curves 

Of  a  non-commutating-pole  generator   (Fig.   2)  ',   of   a 

commutating-pole  generator  (Fig.  3),  and  of  a 

compensated  generator  (Fig.  4). 

ically,  electrically  or  both,  has  led  to  the  general  intro- 
duction of  special  means  for  insuring  good  commutation. 
This  has  not  come  without  the  addition  of  some  new 
parts,  and  without  a  certain  relative  degree  of  complica- 
tion, but  the  general  improvement  in  operation  since  the 
introduction  of  commutating-pole  and  compensated  ma- 
chines has  been  so  marked  as  to  render  the  old  type  of 
machines  non-competitive  for  most  purposes. 

The  old  non-commutating-pole  machine  had  no  fixed 
neutral   position    for  the   brushes.     The   generator   re- 


quired that  the  brushes  be  moved  forward ;  the  motor  re- 
quired that  the  brushes  be  moved  backward.  The 
amount  of  brush  shift  was  dependent  on  the  load;  con- 
sequently, many  non-commutating-pole  machines  cannot 
be  satisfactorily  operated  through  a  wide  range  of  load 
without  changing  the  brush  position.  The  commutating 
conditions  often  depend  on  the  field  strength,  and  many 
pole-tip  constructions  were  devised  to  assist  in  produc- 
ing a  suitable  magnetic  field  for  commutation.  Arma- 
tures were  designed  with  wide  shallow  slots,  thus  reduc- 
ing the  output  in  other  directions,  all  for  the  sake  of 
improving  the  commutation.  That  is  not  all,  for,  with 
special  pole-tip  construction,  the  relative  strength  of 
armature  flux  in  the  main  field  was  of  great  importance 
if  good  commutating  conditions  were  to  be  maintained. 
This  restriction  prevented  good  commutation  over  either 
a  wide  range  of  load  or  over  a  wide  range  of  voltage, 
and  motors  could  not  be  made  to  operate  well  over  a 
wide  range  of  speed. 

In  order  to  meet  these  inherent  characteristics  of 
non-commutating-pole  motors  and  generators,  there  ap- 
peared on  the  market  various  well-meaning  designs, 
whereby  the  neutral  zone  of  commutation  was  supposed 
to  be  more  or  less  fixed.  All  of  this  goes  to  show  to 
what  a  great  extent  the  designer  of  direct-current  ma- 
chines has  been  concerned  with  commutation,  and  even 
with  the  best  type  of  construction  it  was  impossible  to 
make  machines  of  such  ratings  as  are  commonplace  to- 
day. This  is  the  fact  which  is  of  interest  to  the  con- 
sumer, for,  as  has  been  previously  pointed  out,  the  out- 
put from  a  given  size  armature  is  proportional  to  the 
speed  and,  with  the  commutation  provided  for,  the  speed 
has  been  increased,  and  the  cost  and  the  weight  per  kilo- 
watt has  been  correspondingly  reduced. 

Reversing  motors  for  large  blooming  mills,  some  of 
which  today  carry  swings  of  more  than  10  000  amperes 
at  1200  volts,  would  be  impossible  without  special  provi- 
sions for  commutation.  High-speed  generators  supply- 
ing energy  to  such  reversing  motors  would  not  have  been 
considered  under  the  old  type  of  design.  The  motors 
for  speed  variations  of  4  to  i  and  generators  which  will 
commutate  throvighout  the  entire  range  of  voltage  have 
widened  the  field  of  application  of  electrical  machinery. 
These  are  not  all  the  advantages,  for,  with  good  inherent 
commutation,  graphite  brushes  can  be  used,  as  a  high 
brush  contact  resistance  is  not  necessary.  Such  brushes 
have  a  low  coefficient  of  friction,  and  they  do  not  wear 
the  commutators  as  the  old  carbon  brushes  did.  Both 
the  life  of  the  commutator  and  the  life  of  the  brushes 
are  greatly  lengthened.  Hence  it  is  that  operating 
troubles  and  maintenance  expense  have  been  greatly  re- 
duced by  improved  commutation. 

TYPES  OF  CONSTRUCTION 

There  are  two  general  types  of  field  construction, — 
one  type  using  commutating  poles  only,  and  the  other 
type,  which  is  a  variation  of  the  commutating-pole 
type,  being  called  a  "compensated  machine."  The  com- 
mutating-pole machine  is  made  by  introducing  additional 
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small  poles  between  the  main  poles.  The  small  poles  are 
magnetized  by  a  winding  in  series  with  the  armature, 
and  the  brushes  are  so  placed  that  the  coil  during  com- 
mutation comes  under  the  influence  of  the  flux  from  the 
commutating  poles,  which  flux  is  of  such  value  and 
direction  that  cutting  it  produces  in  the  coil  undergoing 
commutation  a  voltage  which  neutralizes  the  voltage  of 
self-induction.  In  a  generator  the  flux  from  the  com- 
mutating pole  must  be  in  the  same  direction  as  the  flux 
from  the  main  pole  immediately  ahead,  and  in  a  motor 
the  flux  from  the  commutating  pole  must  be  in  the  same 
direction  as  the  flux  from  the  main  pole  immediately 
behind.  An  easy  way  of  remembering  this  relation  is 
to  consider  that  in  a  generator  a  piece  of  the  main  pole 
is  moved  backward,  instead  of  the  brushes  being  shifted 
forward,  and  in  a  motor  a  piece  of  the  main  pole  is 
moved  forward,  instead  of  shifting  the  brushes  back- 
ward. 

This  brings  the  neutral  position  midway  between  the 
main  pole  pieces  for  either  a  motor  or  a  generator,  and 
by  connecting  the  commutating-pole  winding  in  series 
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FIG.    5 — MAGNETOMOTrV'E    FORCE    IN    A    COMMUTATING-POLE 
GENERATOR 

FIG.   6 — MAGNETOMOTIVE  FORCE  IN   A   COMPENSATED  GENERATOR 

with  the  armature  a  change  from  generating  load  to 
motor  load  automatically  changes  the  polarity  of  the 
commutating  poles.  Thus,  such  a  machine  is  suitable 
for  either  motor  or  generator  operation  without  any 
movement  of  the  brushes.  This  characteristic  is  very 
important,  and  it  has  opened  a  wide  field  of  application 
which  could  not  be  covered  by  the  older  type  of  ma- 
chines. 

The  next  principal  variation  from  the  commutating- 
pole  machine  is  the  compensated  machine;  in  fact,  a 
compensated  machine  may  be  looked  upon  as  a  modified 
commutating-pole  machine.  The  commutating-pole  ma- 
chine has  the  exciting  winding  concentrated  about  the 
commutating  pole,  while  the  compensated  machine  has  a 
part  of  the  exciting  winding  distributed  in  the  main  pole 
face.    The  total  excitation  is  the  same  in  both  cases. 

As  the  commutating-pole  machine  is  simpler  in  me- 
chanical construction  than  the  compensated  machine,  the 


question  naturally  arises  as  to  why  the  latter  construc- 
tion is  used.  In  order  to  explain  this  it  is  necessary  to 
consider  the  function  of  the  commutating-pole  winding. 
Figs.  5  and  6  show  the  magneto-motive  forces  which  are 
present  in  both  type  of  machines.  The  essential  differ- 
ence, as  will  be  noticed  from  an  inspection  of  the  dia- 
gram, is  that  in  the  commutating-pole  machine  the  arma- 
ture reaction  is  not  neutralized  in  the  zone  a-b,  while  on 
the  compensated-pole  machine  the  armature  reaction  is 
completely  neutralized  under  the  main  pole.  In  order  to 
maintain  the  best  commutating  condition,  the  flux  from 
the  commutating  pole  must  change  in  exact  proportion 
to  the  change  of  load.  As  soon  as  there  is  any  satura- 
tion in  the  commutating  pole  this  exact  relation  is  de- 
stroyed and  the  commutation  limit  is  soon  reached.  It 
is  therefore  undesirable  to  use  shunts  around  either  the 
commutating-pole  winding  or  the  compensating  winding, 
as  the  presence  of  shunts  may  destroy  the  straight  line 
relations  between  the  armature  current  and  the  exciting 
current  which  produces  the  commutating  flux. 

As  the  commutating  pole  must  carry  both  the  useful 
flux  for  commutation  and  also  any  leakage  flux  which 
may  be  produced  by  its  winding,  it  is  evident  that  reduc- 
ing the  leakage  flux  will  increase  the  commutation  limit 
of  the  machine.  The  most  effective  way  of  reducing  this 
leakage  flux  is  to  distribute  the  commutating-pole  excit- 
ing field  winding  in  the  main  pole  faces  and  thereby  in- 
crease the  length  of  the  path  of  leakage  flux.  This  con- 
struction produces  what  is  called  a  compensated  ma- 
chine, and  it  possesses  two  distinct  advantages  over  the 
plain  commutating-pole  machine.  It  has  a  greater  maxi- 
mum commutating  capacity  and,  as  the  armature  cross- 
magnetization  is  neutralized  under  the  main  poles,  the 
maximum  voltage  between  adjacent  commutator  bars  is 
correspondingly  less.  By  taking  advantage  of  these 
points  it  becomes  possible,  by  the  aid  of  compensation,  to 
increase  the  speed  of  generators  and  to  make  motors 
which  will  meet  more  difficult  cycles  of  operation. 
Within  the  commutating  limits  the  commutating-pole 
machine  coinmutates  just  as  well  as  the  compensated 
machine,  but  the  limiting  factor  in  commutation  is  the 
saturation  of  the  commutating-pole  magnetic  circuit. 
The  main  factor  in  saturating  this  circuit  is  the  leakage 
flux  and,  as  there  is  less  leakage  in  this  part  of  the  com- 
pensated machine,  the  overload  limit  is  correspondingly 
increased. 

As  the  number  of  commutator  bars  per  pole  de- 
creases with  an  increase  of  speed,  a  high  average  voltage 
between  adjacent  commutator  bars  is  the  result,  and  if 
the  number  of  commutator  bars  is  arbitrarily  increased 
in  order  to  obtain  low  average  voltage  between  bars  the 
armature  reaction  is  correspondingly  increased,  and  the 
distortion  of  the  main  flux  becomes  greater,  resulting  in 
a  high  peak  voltage  between  adjacent  commutator  bars. 
As  has  been  shown  in  the  compensated  machine,  there  is 
no  distortion  of  the  main  pole  flux;  consequently,  with 
the  same  degree  of  safety,  a  higher  average  voltage  be- 
tween commutator  bars  is  permissible ;  that  is,  with  the 
same  peak  voltage  between  commutator  bars,  the  com- 
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pensated  machine  can  have  a  higher  average  voltage  be- 
tween bars  than  the  commutating-pole  machine.  Hence, 
for  very  high  speeds,  the  compensated  machine  makes 
higher  ratings  possible.  For  the  same  reason,  the  com- 
pensated machines  makes  possible  higher  voltage  ma- 
chines for  a  given  speed. 

The  pole  face  windings  and  their  necesary  con- 
nections introduce  a  certain  amount  of  complication 
which  is  inherent  to  the  compensating  windings.  It 
is  a  fact  that  the  compensated  machine  is  not  as  easily 
dismantled  and  not  as  easily  repaired  as  the  com- 
mutating-pole machine  and,  for  pure  simplicity  of  con- 
struction and  minimum  number  of  parts,  we  must  admit 
that  the  old  non-commutating-pole  machine  is  superior 
to  either  of  the  later  types.  Hence  the  better  perform- 
ance is  obtained  at  a  sacrifice  of  simplicity,  and  a  uni- 
versal application  of  compensated  machines  would  be 
as  much  of  an  error  as  would  be  an  attempt  to  apply 
non-commutating-pole  machines  to  all  classes  of  service. 

VOLTAGE  REGULATION  OF  GENERATORS 

It  is  generally  known  that  the  voltage  points  on  the 
regulation  curve  of  a  compound  generator  at  dififerent 
loads  do  not  lie  in  a  straight  line,  but  they  lie  on  a  curve, 
the  half-load  voltage  being  higher  than  either  the  no- 
load  or  the  full-load  voltage  when  the  compounding  is 
adjusted  for  the  same  voltage  at  both  no-load  and  full 
load.  This  characteristic  is  due  to  the  cross-magnetizing 
effect  of  the  armature  winding,  and  it  is  present  in  both 
non-commutating-pole  and  commutating-pole  machines. 
The  magnitude  of  this  effect  depends  upon  the  relative 
strength  of  armature  to. main  field  flux  and  to  the  degree 
of  saturation  in  certain  parts  of  the  magnetic  circuit. 
The  chief  difference  between  the  compounding  of  non- 
commutating-pole  machines  and  commutating-pole  ma- 
chines is  that  in  the  latter  type  less  series  turns  are  re- 
quired to  give  a  certain  compounding,  because  in  a  com- 
mutating-pole machine  the  brushes  are  placed  in  the 
neutral  position  and  there  is  no  demagnetising  effect 
from  the  armature.  In  practice  the  series  coils  of  a 
commutating-pole  machine  will  have  less  resistance  than 
the  series  coils  of  a  corresponding  non-commutating- 
pole  machine  and,  to  parallel  two  such  machines,  it  is 
often  necessary  to  connect  a  resistance  in  series  with  the 
series  winding  of  the  commutating-pole  machine.  The 
compensated  generator  has  a  straight-line  voltage  regu- 
lation. This  is  because  the  cross-magnetizing  effect  of 
the  armature  is  neutralized  by  the  pole  face  winding. 
No  trouble,  however,  is  experienced  in  operating  all 
three  types  in  parallel.  For  parallel  connections  of  com- 
mutating-pole or  compensated  machines,  the  commu- 
tating-pole winding  and  the  compensating  winding  are 
treated  as  a  part  of  the  armature  circuit ;  that  is,  the 
equalizer  is  brought  out  where  the  inside  end  of  the 
series  winding  connects  to  the  outside  end  of  the  com- 
mutating-pole or  compensating  winding. 

The  question  of  generator  voltage  regulation  is  often 
confused  with  the  change  in  voltage,  which  occurs  with 
a  sudden  change  of  load.     The  two  characteristics  are 


entirely  different  and  no  attempt  should  ever  be  made 
to  apply  the  same  limitations  to  them.  Voltage  regula- 
tion, as  generally  referred  to,  applies  to  a  change  in 
voltage  due  to  a  gradual  change  of  load,  the  voltage  being 
read  by  an  ordinary  voltmeter,  as  distinguished  from  an 
instantaneous  change  of  load.  Such  change  of  load  ex- 
tends over  a  period  of  at  least  a  few  seconds  and  is  of 
sufficient  time  to  permit  of  a  settling  of  the  voltage  to 
the  usual  condition  of  operation.  In  certain  classes  of 
service  the  load  changes  very  suddenly  over  a  very  wide 
range.  These  changes,  if  momentary,  produce  varia- 
tions in  voltage  which  are  of  very  short  duration,  but  of 
large  magnitude.  For  example,  suddenly  throwing  full 
load  on  a  generator  may  reduce  its  voltage  to  almost 
zero  and  suddenly  throwing  off  full  load  may  increase 
the  voltage  25  percent.  These  changes,  which  are  of 
very  short  duration,  can  only  be  measured  by  an  oscillo- 
graph and,  except   for  circuits  used   for  lighting,  they 
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FIGS.  7  and  8 — v.vri.^tions  in  voltage 
Due  to  a  sudden  increase  of  80  amperes   (Fig.  7)   and  38  per- 
cent of  load  (Fig.  8)  on  a  500  k\v.  1200  volt,  900 
r.p.m.  direct-current  generator. 

are  of  no  consequence.  All  types  of  direct-current  gen- 
erators show  momentary  changes  of  voltages  with  in- 
stantaneous changes  of  load,  as  illustrated  in  Figs.  7 
and  8. 

EFFICIENCY 

In  efficiency  there  has  been  no  particular  gain  made 
in  changing  from  the  non-commutating-pole  construc- 
tion ;  in  fact,  it  is  evident  that  the  introduction  of  addi- 
tional windings  has  occasioned  additional  losses.  To 
counteract  this  effect,  which  would  in  itself  have  meant 
a  reduction  in  efficiency,  it  can  be  said  that  less  total 
losses  in  the  main  field  are  necessary,  and  one  very 
important  fact  in  this  connection  is  that,  with  a  special 
means  of  taking  care  of  commutation,  deeper  slots  are 
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permissible  and,  consequently,  a  more  liberal  section  of 
armature  copper  can  be  used,  thus  reducing  the  losses. 
As  the  maximum  point  on  an  efficiency  curve  is  where 
the  variable  losses  are  equal  to  the  constant  losses,  it 


FIG.    9 — TYPICAL    DIRECT-CURRENT    GENER.\TOR    EFFICIENCY    CURVES 

might  be  noted  that  in  either  low-voltage  or  low-speed 
machines  the  constant  losses  are  generally  low  as  com- 
pared to  the  variable  losses  and  the  curve  takes  a  shape 
like  a,  Fig.  9,  in  which  the  ma.ximum  point  on  the 
efficiency  curve  occurs  at  less  than  full  load.  In  high- 
voltage  or  high-speed  machines  the  constant  losses  are 
generally  higher  as  compared  to  the  variable  losses,  and 
the  efficiency  curve  takes  a  shape  similar  to  b,  Fig.  9,  in 
which  the  maximum  point  on  the  efficiency  curve  occurs 
beyond  the  full  load. 

Hand  in  hand  with  the  improvement  in  commutation 
there  have  been  many  improvements  along  other  lines, 
both  electrical  and  mechanical.  Armature  coils,  for- 
merly made  of  wire,  are  made  of  strap  wherever  possi- 


FIG.    10 — TYPICAL    HIGH-SPEED    COMPENS.\TED    GENERATOR 

ble.  In  many  cases  cotton  insulation  has  been  replaced 
by  mica  and  asbestos.  Cast  steel  and  rolled  steel  have 
taken  the  place  of  cast  iron,  thus  improving  the  magnetic 
quality,  increasing  the  strength,  reducing  the  weight  and 


the  size.  Better  brushes  are  contributing  to  long  life  of 
commutators,  and  better  commutation  has  made  possible 
the  use  of  softer  grades  of  brushes — brushes  which  con- 
tain graphite,  and  which  have  no  abrasive  quality,  and 
which  possess  the  desirable  quality  of  a  low  friction  co- 
efficient. 

Various  lines  of  direct-current  machines  have  been 
designed  embodying  special  means  such  as  described 
for  insuring  good  commutation.  Some  of  these  lines 
have  been  made  especially  for  steel  mill  application,  such 
as  the  steel-mill  motor.  A  typical  compensated  motor 
for  a  reversing  blooming  mill  is  shown  in  Fig.  i.  Such 
motors  have  a  special  rotor  construction,  which  is  made 
to  withstand  the  shocks  which  are  characteristic  of  this 
application.  The  armature  windings  are  braced  at  both 
ends  outside  of  the  armature  core,  and  all  parts  are  more 
rugged  than  is  necessary  for  ordinary  classes  of  service. 


1  IG.    II — A    DIFIKKE.N'T    ARRANGEMENT    OF    COMPENSATING    WINDINGS 

These  generators  will  carry  severe  momentary  overloads 
without  flashing  or  undue  sparking. 

In  Figs.  10  and  11  are  shown  typical  motor-generator 
sets.  The  direct-current  generators  are  compensated 
and  are  capable  of  supplying  momentary  loads  of  three 
times  their  normal  heating  load. 

Altogether,  the  direct-current  machine  has  been 
greatly  improved  by  the  introduction  of  special  means 
of  securing  good  commutation.  Its  field  of  application 
and  its  flexibility  have  been  greatly  widened,  and  at  the 
same  time  the  cost  and  the  weight  have  been  materially 
reduced.  As  an  exceptional  illustration  of  the  satisfac- 
tory service  of  modern  motors,  the  writer  has  in  mind 
a  particular  rolling  mill  where  some  175  motors,  aggre- 
gating 5000  hp,  are  in  use,  and  in  the  last  two  and  a  half 
years  the  only  repairs  necessary  to  these  175  motors 
have  been  the  re-winding  of  two  armatures. 


Some  Business  Principles 

V.  Karapetoff 

Consulting  Engineer, 

Springfield,  Mass. 

THE  following  thoughts  were  prepared,  under  the  title  of  "Some  M.C.  Principles,"  for  the  young  engineering 
apprentices  of  the  New  England  Westinghouse  Company.  The  abbreviation  "M.C."  stands  for  "Millennium 
Crowd,"  which  I  gave  to  these  junior  engineers,  intimating  by  this  name  that  they  should  consider  the 
millennium  as  if  it  were  present ;  in  other  words,  they  should  work  without  considering  their  faults  and 
limitations  and  do  the  way  perfect  men  would  act. 


WE  BELIEVE  in  accuracy  in  all  our  acts,  state- 
ments, reasoning,  workmanship,  appointments, 
promises,  drawings ;  in  fact,  in  everything  that 
is  associated  with  our  name. 


We  believe  in  veracity  towards  our  associates,  su- 
periors, subordinates,  clients,  competitors,  beggars,  bene- 
factors, members  of  our  family,  and  especially  towards 
our  own  conscience  when  it  is  accusing  us. 

FULFILLING   A    PROMISE 

We  believe  that  fulfilling  one's  promises  in  spite  of 
all  obstacles  and  against  one's  own  advantage  is  the 
greatest  single  asset  and  virtue  in  business. 

INITIATIVE 

We  believe  in  initiative,  which  in  the  business  world 
usually  means  helping  everyone  around  you  without 
being  told  to  do  so  and  without  being  obnoxious. 

SYSTEM,  ORDER  AND  SELF-DISCIPLINE 

We  believe  in  system,  order  and  self-discipline  for 
the  sake  of  those  with  whom  we  are  associated.  This 
is  but  a  specific  case  of  the  Golden  Rule  and  it  works 
fine.  We  do  not  tax  our  memory  beyond  reason,  be- 
cause an  omission  or  a  misstatement  may  htu't  a  friend 
of  ours. 

HARMONIZING   VIEWS 

We  believe  in  harmonizing  views  whenever  possible 
and  in  foregoing  the  mention  of  a  distinct  name  for  the 
sake  of  friendship  with  those  to  whom  this  name  may  be 
ofifensive. 

BEING   OPEN-MINDED 

We  believe  in  being  open-minded,  because  we  re- 
member many  a  case  when  we  were  glad  that  things 
did  not  happen  our  way  and  sorry  when  they  happened 
the  way  we  wanted  them  to. 


GIVING  FULL  CREDIT  TO  OTHERS 

We  believe  in  giving  full  credit  to  others,  because 
real  worth  cannot  be  hidden  long  and  a  professional 
thief  is  not  a  very  far-sighted  individual. 

CO-OPERATION 

We  believe  that  a  lasting  monument  is  usually  a 
result  of  wise  and  unselfish  co-operation  wherein  every- 
one works  on  the  part  he  is  best  fitted  for  and  is  so 
busy  and  interested  in  the  work  that  he  forgets  to  hew 
his  name  on  the  stone. 

KEEPING  SUPERIORS   POSTED 

W'e  believe  in  keeping  our  superiors  posted  on  what 
we  are  doing,  so  as  to  simplify  their  supervision  over 
us.  Having  finished  a  task  we  report  at  once,  or  if  the 
job  could  not  be  done  we  notify  the  head  man  without 
delay.  We  train  our  boss  so  that  when  he  does  not  hear 
from  us  he  knows  that  everything  is  O.K. 

SURPRISES  SHOULD  NOT  BE  SPRUNG 

We  believe  that  no  surprises  should  be  sprung  on 
our  business  associates  in  the  form  of  an  unexpected 
official  act  or  letter.  It  is  both  wise  and  honorable  to 
discuss  a  matter  with  a  person  informally  and  to  find  his 
attitude  towards  it  before  taking  a  decisive  step. 

PERSU.aiSION    RATHER  THAN    COMMAND 

We  believe  in  persuasion  rather  than  command  for 
the  same  reason  for  which  we  prefer  an  electrically- 
started  automobile.  Incidentally,  the  most  efficient  or- 
ganizations are  those  in  which  men  understand  what 
they  are  doing  and  believe  in  the  method  of  procedure. 

MOBILIZING    RESOURCES 

We  believe  in  mobilizing  the  resources  of  our  organi- 
zation when  an  important  problem  arises.  We  see  to  it 
that  those  whose  skill  or  knowledge  exceeds  ours  are 
drawn  into  the  discussion  and  not  kept  out  for  a  selfish 
purpose. 


Parallel  Operation  of  Frequency-Changer  Sets 


F.  D.  Newbuky 


FREQUENCY-CHANGER  sets,  used  to  inter- 
change power  between  two  circuits  or  systems  of 
different  frequency,  may  be  of  several  different 
types;  in  the  type  here  considered  a  synchronous  motor 
of  one  frequency  drives  a  synchronous  generator  of 
another  frequency.  Parallel  operation  of  such  motor- 
generator  sets  requires  that  both  the  motors  and  the 
generators  shall  respectively  be  in  synchronism. 

SYNCHRONIZING   TWO    FREQUENCY    CHANGER    SETS 

In  order  that  this  explanation  may  be  simplified,  it 
will  be  assumed  that  the  armature  windings  of  the  vari- 
ous machines  are  identical  in  location  and  sequence  of 
terminal  coils.  Then  the  position,  at  some  chosen  time, 
of  a  pole  of  the  rotating  field  (with  respect  to  a  group  of 
armature  coils  covering  one  pole  pitch)  represents  the 
phase  of  the  volt- 
age generated  in 
the  motor  or  gen- 
erator winding ;  ac- 
cordingly, in  the 
following  explana- 
tion the  "position 
of  the  rotor  pole," 
or  "polar  position," 
will  signify  the 
voltage  phase. 
Thus  if  two  syn- 
c  h  r  onous  motors 
are  operating  from 
the  same  supply 
system  without 
load  the  polar  po- 
sitions of  the  two 
motors  will  be  the 
same.  Likewise, 
before  two  gener- 
ators can  be  synchronized,  the  polar  positions  of  the  two 
rotors  must  be  made  the  same.  A  distinction  will  also 
be  made  between  "polar  position"  and  "rotor  position ;" 
the  former  will  mean  the  phase  of  the  generated  voltage, 
while  "rotor  position"  will  mean  the  mechanical  position 
of  the  rotor  without  reference  to  magnetic  or  electrical 
conditions.  This  distinction  may  be  illustrated  in  the 
following  way : — If  a  synchronous  motor  is  in  synchro- 
nism with  a  generator  and  is  then  caused  to  slip  two 
poles,  its  polar  position  will  not  have  been  changed, 
while  its  rotor  position  will  have  been  changed. 

In  synchronizing  two  engine-driven  generators,  it  is 
not  difficult  to  bring  the  two  rotors  into  the  same  polar 
position,  since  the  two  rotors  may  be  independently  con- 
trolled in  speed  and  the  relative  polar  positions  are  con- 
tinuously changing.  Moreover,  the  two  generators  will 
have  the  same  polar  positions  (that  is,  will  be  in  syn- 
chronism) when  any  pole  of  one  generator  has  the  same 


inc.   I — I'REQUENCY-CHANCER  SET 

Showing  motor  frame  mounted  in  cradle  for  rotation.     The  usual  commercial 

range  of  this  frame-shifting  device  is  about  four  mechanical  degrees; 

on  a  ten-pole  motor  this  corresponds  to  20  electrical  degrees. 


position  as  any  pole  of  the  same  polarity  of  the  other 
generator.  There  are  as  many  rotor  positions  that  are 
correct  for  synchronizing  as  there  are  poles  of  the  same 
polarity  on  the  incoming  generator. 

When  a  synchronous  motor-driven  frequency- 
changer  set  is  to  be  synchronized  with  another  similar 
set,  the  same  general  principles  apply,  but  the  rigid  me- 
chanical connection  between  the  poles  of  the  motor  and 
the  poles  of  the  generator  considerably  reduces  the  num- 
ber of  correct  rotor  positions  of  the  motor.  In  the  case 
of  two  sets,  the  two  motors  must  have  the  same  polar 
positions  and  at  the  same  time  the  two  generators  must 
have  the  same  polar  positions.  In  Fig.  2,  which  rep- 
resents a  4  pole-6  pole  set,  if  the  two  motors  are  con- 
nected to  the  supply  circuit  so  that,  in  both  sets,  motor 
poles  Ni  have  the  same  position,  then  the  generator  poles 

A^i,  in  both  sets, 
will  have  the  same 
position  and  the 
sets  will  be  in  syn- 
chronism on  both 
ends.  If,  however, 
the  two  motors  are 
connected  to  the 
supply  circuit  so 
ihat  pole  Ni  in  one 
motor  has  the  same 
position  as  pole  N^ 
in  the  other  motor 
(which  is  a  possi- 
bility, considering 
the  motors  alone), 
then  pole  AT,  in  one 
generator  will  have 
the  same  position 
as  pole  5*2  in  the 
other  generator, 
and  the  two  generators  will  be  180  degrees  out  of  phase 
at  the  same  time  that  the  two  motors  are  in  phase.  If 
the  two  motors  are  considered  alone,  there  are  two  cor- 
rect rotor  positions  ;  if  the  two  generators  are  considered 
alone,  there  are  three  correct  rotor  positions ;  but  if  the 
motor  and  generator  are  tied  rigidly  together,  as  in  fre- 
quency-changer sets,  there  is  only  one  correct  rotor 
position  for  the  incoming  motor.  For  the  sake  of  brev- 
ity, "synchronizing  position"  will  be  used  to  denote  that 
rotor  position  of  the  incoming  motor  in  which  both 
motor  polar  positions  will  be  the  same  and  both  gener- 
ator polar  positions  will  be  the  same.  In  general,  the 
number  of  synchronizing  positions  in  any  pair  of  sets  is 
equal  to  the  greatest  common  divisor  of  the  number  of 
possible  synchronizing  positions  of  the  motor  and  of 
the  generator  considered  as  separate  machines.  The 
synchronizing  positions  for  the  separate  machines  are 
equal  in  number  to  the  number  of  pairs  of  poles.    Thus 
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in  the  4  pole-io  pole  set  shown  in  Fig.  3  there  are  two 
synchronizing  positions  for  the  motor,  considered  alone ; 
there  are  five  synchronizing  positions  for  the  generator, 
considered  alone ;  and  there  is  only  one  synchronizing 
position  for  the  set.  In  the  4  pole-8  pole  set,  in  Fig.  4, 
there  are  two  synchronizing  positions  in  the  set ;  or  as 
many  as  for  the  motor,  considered  alone ;  in  the  10  pole- 
24  pole  set,  in  Fig.  5,  there  is,  again,  only  one  synchro- 
nizing position  for  the  second  set. 

If  the  number  of  correct  synchronizing  positions  of 
the  motors  or  generators,  considered  separately,  is  in- 
creased, the  number  of  synchronizing  positions  for  the 
second  set  will  also  be  increased.  Thus,  if  the  polarity 
of  the  south  poles  of  the  incoming  generator,  consider- 
ing the  two  generators  as  separate  engine-driven  units. 


Motor  Fig.  5 


FIGS.  2  to   5 — FREQUENCY-CHANGER  ROTOR  DIAGRAMS 

Fig.  2 — 40  to  60  cycles ;  4  and  6  poles. 
Fig.  3 — 2$  to  62,5  cycles :  4  and  10  poles. 
Fig.  4 — 25  to  50  cycles  ;  4  and  8  poles. 
Fig.  5 — 25  to  60     cycles ;  10  and  24  poles. 

be  changed,  each  of  the  generator  poles  at  one  time  or 
another  will  be  a  north  pole,  and  there  will  be  as  many 
synchronizing  positions  as  there  are  poles.  Considering 
the  motors  alone,  by  reversing  the  motor  excitation,  the 
number  of  motor  synchronizing  positions  may  also  be 
doubled.  In  the  4  pole-6  pole  set.  Fig.  2,  it  was  shown 
that  if  pole  N^  of  one  motor  had  the  same  position  as 
pole  Nr.  of  the  second  motor,  the  pole  N^  of  the  first  gen- 
erator would  have  the  same  position  as  pole  $2  of  the 
second  generator,  and  that  the  two  generators  would  be 
180  degrees  out  of  phase.  Obviously,  by  reversing  the 
excitation  of  the  second  generator,  the  south  pole  is 
changed  to  a  north  pole,  thereby  bringing  two  generator 
poles  of  the  same  polarity  into  the  same  position,  and 
the  two  sets  into  synchronism. 


In  the  10  pole-24  pole  combination.  Fig.  5,  the  num- 
ber of  set  synchronizing  positions  can  be  increased  by 
reversing  the  motor  excitation.  Consider  that  the  two 
motors  are  connected  to  the  supply  circuit  so  that  the 
poles  Ni  of  both  motors  are  in  the  same  position.  Gen- 
erator poles  of  the  same  polarity  will  also  be  in  the  same 
position,  but  the  generators  are  not  connected  in  parallel. 

Now  assume  that  the  excitation  of  one  motor  is  re- 
versed. The  pole  N-^  (which  is  now  a  south  pole)  will 
drop  back  and  the  pole  5"i  will  occupy  the  position  that 
A/'i  did  occupy.  The  motor  has  dropped  back  one  pole — 
or,  as  it  is  called,  has  "slipped  a  pole" — and  its  new  posi- 
tion is  180  magnetic  degrees,  or  36  mechanical  degrees, 
behind  its  original  position.  The  generator  of  the  sec- 
ond set  has  been  pulled  back  36  mechanical  degrees,  or 
432  magnetic  degrees.  Pole  N^  of  the  second  generator 
is  now  6  mechanical  degrees,  or  72  magnetic  degrees, 
back  of  pole  N^  of  the  first  generator.  If  this  process 
of  slipping  a  pole  is  repeated  until  pole  S^  of  the  second 
motor  is  in  the  same  position  as  pole  AT^  of  the  first 
motor,  pole  N^  of  the  second  generator  will  be  in  the 
same  position  as  pole  N^  of  the  first  generator,  and  the 
two  sets  will  be  in  synchronism  on  both  ends.  In  prac- 
tical operation,  the  second  motor  may  be  connected  to 
the  circuit  in  any  one  of  five  polar  positions  (consider- 
ing only  one  direction  of  excitation)  ;  if  the  generator 
poles  have  different  positions,  they  may  be  brought  into 
the  same  position  by  slipping  a  motor  pole  as  often  as 
may  be  necessary. 

It  will  be  noted  from  the  preceding  discussion  that 
the  number  of  synchronizing  positions  depends  on  the 
number  of  poles  in  the  motor  and  generator  of  the  set ; 
that  with  some  pole  combinations  the  number  of  correct 
positions  is  increased  by  reversing  the  generator  excita- 
tion, and  in  others  by  reversing  the  motor  excitation. 
These  results  may  be  summarized  as  follows : — 

/ — The  number  of  synchronizing  positions  of  the  incom- 
ing set,  with  a  single  direction  of  excitation  in  both  motor  and 
generator,  is  the  greatest  common  divisor  of  the  number  of 
pairs  of  poles  in  motor  and  generator  of  the  incoming  set. 

2 — The  number  of  synchronizing  positions  of  the  incoming 
set,  with  both  directions  of  excitation  in  both  motor  and  gener- 
ator, is  the  greatest  common  divisor  of  the  number  of  poles  in 
motor  and  generator  of  the  incoming  set. 

S — The  number  of  synchronizing  positions  of  the  incoming 
set,  with  both  directions  of  excitation  in  either  motor  or  gen- 
erator, is  the  greatest  common  divisor  of  the  number  of  pairs 
of  poles  of  the  machine  with  a  single  direction  of  e.xcitation 
and  the  number  of  poles  of  the  machine  with  both  directions  of 
excitation. 

Whether  the  installation  of  a  field  reversing  switch 
for  the  motor  or  generator,  or  for  both,  is  of  any  value, 
may  be  determined  from  the  rules  just  given.  Thus  in 
the  10  pole-24  pole  set,  with  both  directions  of  excitation 
for  the  motor,  the  number  of  synchronizing  positions  is 
Hvo  (the  greatest  common  divisor  of  10  and  12)  ;  with 
both  directions  of  excitation  for  the  generator,  the  num- 
ber of  synchronizing  positions  is  one  (the  greatest  com- 
mon divisor  of  5  and  24)  ;  with  both  directions  of  excita- 
tion for  both  generator  and  motor,  the  number  of  syn- 
chronizing positions  is  two  (the  greatest  common  di- 
visor of  to  and  24).    Therefore,  a  field  reversing  switch 
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for  the  motor  is  desirable,  but  a  similar  switch  for  the 
generator  is  of  no  benefit. 

This  information   for  the  pole  combinations  ordi- 
narily used  is  given  in  Table  I.    This  information  ap- 

TABLE  I-POLAR  COMBINATIONS  OF  FREQUENCY- 
CHANGER  SETS 


Motor 
Poles 

Gen. 
Poles 

Direction  of 

Syn.  Positions  . 

Motor 
(Low 
Freq.) 

Field 
Switch 

Req. 

Gen. 

(High 
Freq.) 
Field 

Switch 

Req. 

Motor 
Alone 

Gen. 
Alone 

Set 

Motor 

Gen. 

4 

10 

Single 
Both 
Single 

Single 
Single 
Both 

2 

4 

2 

5 
5 

I 

No 

Yes 

8 

20 

Single 
Both 
Single 

Single 
Single 
Both 

4 
8 

4 

\°o 

4 

No 

Yes 

10 

24 

Single 
Both 
Single 

Single 
Single 
Both 

S 
5 

12 

24 

\ 

Yes 

No 

plies  whether  the  set  is  started  from  the  low-frequency 
or  from  the  high-frequency  end. 

MECHANICAL  ADJUSTMENT  OF  TWO  FREQUENCY- 
CHANGER   SETS 

Before  two  frequency-changer  sets  can  be  safely 
connected  in  parallel  on  both  motor  and  generator  ends, 
the  relative  location  of  the  field  poles  and  armature 
winding  of  one  set  must  be  made  identical  with  the  rela- 
tive location  of  the  same  parts  of  the  second  set,  so  that 
when  the  two  motors  are  properly  synchronized  as  just 
described  the  two  generators  will  be  in  phase.  Even  in 
sets  of  duplicate  design,  ordinary  manufacturing  varia- 
tions usually  prevent  two  sets  from  being  operated  to- 
gether in  this  way  without  some  adjustment.  Obvi- 
ously, with  sets  of  different  sizes  and  with  sets  made  by 
different  manufacturers,  the  need  for  adjustment  will 
be  greater.  This  requirement  is  met  by  supporting  one 
frame — usually  the  motor  frame — in  a  cradle  in  which 
the  frame  can  be  rotated  through  a  small  angle,  as  shown 
in  Fig.  I. 

Frame  Adjustment  at  No-Load — ^The  two  sets  to  be 
adjusted  should  be  synchronized  on  the  motor  ends  until 
the  least  possible  difference  exists  in  the  generator  phase. 
If  the  generator  switchboard  contains  a  synchroscope, 
this  adjustment  will  be  greatly  facilitated.  If  any  diffi- 
culty is  experienced  in  determining  the  best  motor  syn- 
chronizing position,  a  systematic  study,  as  outlined 
below,  should  be  made. 

I — Mark  a  radial  line  on  some  accessible  part  of  a 
motor  pole  and  place  a  mark  on  a  generator  pole  that  is 
in  line  with  it,  the  two  marks  lying  in  the  same  radial 
plane.  It  will  be  found  convenient  to  use  the  motor  pole 
and  the  generator  pole  that  are  approximately  in  line,  if 
such  exist.  Place  the  rotors  of  both  sets  in  such  posi- 
tions that  the  lines  on  the  motor  poles  are  in  line  with 
the  armature  slots  containing  the  terminal  coil  of  the  A 
phase.  Observe  the  angular  difference,  if  any,  between 
the  mark  on  the  generator  pole  and  the  slot  containing 
the  terminal  coil  of  the  A  phase  of  the  generator  in  both 
sets.  If  this  angular  difference  is  the  same  in  the  two 
sets,  no  frame  adjustment  will  be  required.  If  it  is  not 
the  same,  the  frames  of  one  or  both  sets  will  have  to  be 


moved  to  make  it  the  same.  An  approximate  adjust- 
ment of  the  frame  can  be  made  from  these  mechanical 
measurements,  but  the  final  accurate  adjustment  must 
be  made  by  operating  the  two  sets.  If  these  mechanical 
measurements  indicate  that  the  two  sets  are  widely  dif- 
ferent (more  than  3  or  4  degrees  difference  in  generator 
rotor  position  with  respect  to  the  terminal  coil)  the  dif- 
ference can  be  reduced  by  electrical  adjustments  de- 
scribed later. 

2 — With  one  set  running  with  full  voltage  on  the 
motor  and  with  the  generator  on  open  circuit,  start  the 
second  set,  synchronizing  the  motor  with  the  supply  sys- 
tem. Note  the  synchroscope  reading.  Cause  the  second 
motor  to  slip  a  pole  by  reversing  the  field  excitation  and 
again  note  the  synchroscope  reading.  (The  motor  will 
more  readily  slip  a  pole  if  it  is  operated  on  the  starting 
voltage,  assuming  that  the  motor  is  alternating-current 
self-started,  but  care  should  be  taken  that  it  is  not  oper- 
ated from  the  starting  taps  long  enough  to  overheat  the 
starting  autotransformers.)  Note  the  reading  of  the  syn- 
chroscope for  each  rotor  position  of  the  second  motor.  It 
is  not  necessary  to  experimentally  observe  the  synchro- 
scope readings  with  reversed  generator  excitation,  as 
these  will  be  180  degrees  displaced  from  the  correspond- 
ing reading  with  the  original  direction  of  excitation. 
These  should  be  set  down  together  with  the  observed 
readings,  and  these  readings  should  be  compared  with 
the  theoretical  differences  in  generator  rotor  position. 
Such  a  set  of  readings  for  a  4-pole-io  pole  set  is  given  in 

TABLE  II— COMPARISON  OF  SYNCHROSCOPE  POSI- 
TIONS FOR  DIFFERENT  ROTOR  POSITIONS 


Rotor  Position 
of  Second  Motor 

Actual  Difference  in 
Generator  Phase  by  Synchroscope 

Original  Excitation 

Reversed  Excitation 

I 

2 

4 

100  deg.  Fast 
10  deg.  Fast 
80  dcg.  Slow 

170  deg.  Slow 

80  deg.  Slow 
170  deg.  Slow 
100  dcg.  Fast 

10  deg.  Fast 

Table  II  for  purposes  of  illustration.  The  theoretical 
differences  in  generator  rotor  position,  assuming  correct 
mechanical  adjustment,  are  shown  in  Table  III.     Com- 

TABLE   III— DIFFERENCES    IN    GENERATOR    ROTOR 
POSITIONS  OF  A  4  POLE-io  POLE  SET 


Rotor  Position 
of  Second  Motor 
(Rotor  Position  of 
First  Motor  =  iVi) 

Rotor  Position  of  Second  Generator 
as  compared  with  Ni  of  First  Gen. 

Original 
Excitation 

Reversed 
Excitation 

0  Deg. 
90  Dcg.  Behind 
180  Deg. 
90  Deg.  Ahead 

180  Deg. 
90  Dcg.  Ahead 

0  Deg. 
90  Deg.  Ahead 

paring  the  figures  in  Tables  II  and  III,  it  is  evident  that 
the  second  generator  is  set  10  electrical  degrees  ahead 
(i.  e..  Fast,  as  indicated  by  the  synchroscope)  of  its 
correct  position,  with  the  motor  in  No.  2  position.  The 
two  generators  will  be  brought  into  the  same  polar  posi- 
tion if  the  second  motor  is  synchronized  in  No.  2  posi- 
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tion  and  the  frame  of  the  second  motor  is  moved  ten 
electrical  degrees  (two  mechanical  degrees)  in  the  direc- 
tion of  rotation.* 

TABLE  IV— THEORETICAL  DIFFERENCES  IN 
GENER.A.TOR  ROTOR  POSITION 

For  a  10  pole-24  pole  set,  assuming  correct  mechanical 
adjustment. 


Rotor  Position 
of  Second  Motor 

(Rotor  Position  of 
First  Motor  =  A''i) 

Rotor  Position  of  Second  Generator 
as  compared  with  Ni  of  First  Generator 

Original 
Excitation 

Reversed 
Excitation 

iV, 

5, 
N- 

Si 
N, 

S, 
N, 

S, 
N, 

Ss 

0  Deg. 

"2  Deg.  Behind 
144  Deg.  Behind 
144  Deg.  Ahead 

72  Deg.  Ahead 
0  Deg. 

72  Deg.  Behind 
144  Deg.  Behind 
144  Deg.  .Ahead 

72  Deg.  Ahead 

180  Deg. 

108  Deg.  Ahead 
36  Deg.  Ahead 
36  Deg.  Behind 

1 08  Deg.  Behind 

180  Deg. 

108  Deg.  Ahead 
36  Deg.  Ahead 
36  Deg.  Behind 

108  Deg.  Behind 

J — It  is  possible,  if  the  two  sets  are  of  dissimilar 
manufacture,  for  the  second  generator  to  be  out  of 
phase,  when  tested  as  just  described,  by  a  larger  angle 
than  can  be  corrected  by  the  maximum  frame  movement 
permitted  by  the  cradle.  The  out-of-phase  angle  may  be 
reduced  in  most  sets  by  advancing  all  motor  armature 
leads  {A  to  C,  C  to  B  and  B  to  A)  so  as  to  change  the 
motor  phase  120  electrical  degrees  in  a  three-phase 
motor,  or  go  electrical  degrees  in  a  two-phase  motor.  A 
change  of  one  electrical  degree  in  the  motor  phase  re- 
sults in  a  change  of  2.5  degrees  in  the  generator  phase 
in  the  4  pole-io  pole  set,  or  a  change  of  2.4  degrees  in 
the  10  pole-24  pole  set.  The  generator  phase  can  sim- 
ilarly be  changed  by  changing  the  generator  winding 
120  degrees  or  90  degrees  (depending  on  the  number  of 
phases).  These  changes  do  no  good  in  the  case  of  a 
four-pole  motor  having  a  two-phase  armature  winding, 
for  example,  or  in  the  case  of  a  six-pole  motor  having  a 
three-phase  winding. 

If  all  the  possible  electrical  adjustments  are  made, 
that  is,  if  the  motor  is  synchronized  in  all  possible  posi- 
tions, if  the  generator  field  is  reversed  and  if  the  motor 
and  generator  armature  leads  are  interchanged  as  de- 
scribed, the  frequency-changer  sets  can  be  synchronized 
within  a  very  small  angle  (in  mechanical  degrees).  If, 
after  attempting  to  adjust  two  sets,  the  smallest  obtain- 
able generator  phase  difference  is  greater  than  can  be 
corrected  by  the  frame  movement  provided,  further  elec- 
trical adjustments  should  be  made,  making  use  of  the 
mechanical  measurements  previously  described  as  a  first 
approximation  to  the  change  in  phase  angle  that  is 
required. 

The  electrical  adjustments  that  can  be  made  are  indi- 
cated by  the  following  example,  showing  the  maximum 


*The  movement  of  a  pole  in  the  direction  of  rotation  ad- 
vances the  phase  of  the  generated  voltage  and  a  movement  of 
an  armature  coil  (or  frame)  in  the  direction  of  rotation  retards 
the  phase.  This  is  true  whether  the  motor  or  generator  frame 
is  moved  to  adjust  the  generator  phase. 


frame  movement  that  would  be  required  in  a  set  having 
a  four-pole,  three-phase  motor  and  a  ten-pole,  three- 
phase  generator : — 

Assume  that  one  set  diiTers  from  the  other  in  gen- 
erator phase  to  the  greatest  possible  extent.  Obviously, 
it  can  differ  by  no  more  than  180  electrical  degrees. 
However,  any  difference  greater  than  90  degrees  can  be 
changed  to  a  dift'erence  less  than  90  degrees  by  revers- 
ing the  generator  field  excitation.  If  in  any  synchroniz- 
ing position  of  the  second  motor  the  generator  phase 
difference  is  90  degrees,  this  can  be  reduced  to  zero  by 
making  the  motor  slip  a  pole.  Therefore,  any  phase 
difference  greater  than  45  degrees  can  be  changed  to 
a  difference  of  less  than  45  degrees  by  reversing  the 
motor  field  excitation.  If  the  motor  armature  leads 
are  advanced  one  terminal,  the  motor  phase  will  be 
changed  120  degrees,  or  300  degrees  in  generator  phase 

(120   X  — ).    If  this  change  be  added  to  the  previously 
4 

existing  difference  of  45  degrees,  there  will  be  a  differ- 
ence of  345  degrees,  which  is  equivalent  to  a  differ- 
ence (in  the  opposite  direction)  of  15  degrees  (360 
— •  345).  In  this  set  a  change  in  generator  terminals 
produces  the  same  change  in  generator  phase  as  does  a 
change  in  motor  terminals.  If  the  motor  armature 
is  two-phase,  no  new  combinations  can  be  obtained  that 
could  not  be  obtained  by  slipping  a  motor  pole,  for 
both  changes  result  in  a  change  of  90  degrees  in  motor 
phase. 

If  no  generator  synchroscope  is  available,  lamps  may 
be  used.  Since  lamps  give  no  definite  indication  of  the 
angle  of  generator  phase  difference,  greater  dependence 
must  be  placed  on  the  mechanical  measurement  of  gen- 
erator phase  difference.  When  the  generators  are  nearly 
in  phase  they  may  be  connected  in  parallel  and  a  more 
accurate  adjustment  made.  The  field  currents  should  be 
adjusted  for  equal  voltages  before  the  generators  are 
connected  together,  and  the  field  currents  should  not  be 
changed  thereafter.  A  current  will  flow  in  the  gener- 
ator armatures  that  will  be  proportional  (for  small 
angles)  to  the  phase  difference.  The  frame  should  be 
moved  slightly  and  the  effect  on  the  current  noted.  The 
frame  should  then  be  moved  in  the  proper  direction 
until  no  current  flows  in  the  generator  circuit.  If  the 
field  excitation  is  not  correctly  adjusted  as  described 
above,  before  the  generators  are  paralleled  the  arma- 
ture current  cannot  be  reduced  to  zero  by  moving  the 
frame.  The  current  that  circulates  in  the  two  generator 
armatures  due  to  phase  differences  is,  however,  an 
energy  current — one  generator  will  be  acting  as  a  gen- 
erator supplying  power  to  the  other  generator,  driving 
it  as  a  motor.  The  two  motors  of  the  frequency-changer 
sets  will,  therefore,  indicate  whether  the  currents  flow- 
ing in  the  generators  are  due  to  mechanical  phase  differ- 
ences or  to  dift'erences  in  field  excitation.  In  the  former 
case,  the  currents  taken  by  the  motors  will  be  much 
greater  than  required  by  the  losses  of  the  set,  and  one 
motor  will  be  acting  as  a  generator  (a  wattmeter  will 
show  reversed  power). 
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DIVISION  OF  LO.\D  BETWEEN   TWO  SETS   OPER.\TING 
IN    PARALLEL 

If  two  sets  are  correctly  adjusted  mechanically,  as 
has  been  described,  and  if  they  are  properly  synchro- 
nized, they  will  operate  in  parallel  on  both  motor  and 
generator  ends  without  cross-currents,  assuming  that 
the  field  excitation  is  properly  adjusted  and  that  there  is 
no  load  on  the  generator  bus.    As  load  is  connected,  the 
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With  direct-connected  exciter. 
load  division  between  the  two  sets  may  be  proportional 
to  their  ratings,  or  it  may  not,  depending  on  the  com- 
parative design  proportions  of  the  two  motors. 

As  a  synchronous  motor  is  loaded,  the  phase  of  the 
counter  e.m.f.  of  the  motor  changes,  the  phase  of  the 
motor  e.m.f.  dropping  behind  the  line  e.m.f.  as  the  load 
increases.  The  phase  of  the  line  e.m.f.  may  be  visual- 
ized as  the  position  of  a  motor  pole  (in  a  two-pole 
rotating  field  motor)  if  the  motor  carries  no  load  what- 
soever; and  the  phase  of  the  motor  e.m.f.  may  be  repre- 
sented by  the  position  of  the  opposite  pole  at  the  various 
loads  applied  to  the  motor,  at  the  time  that  the  same  in- 
stantaneous value  and  direction  of  line  e.m.f.  exists. 
As  load  is  applied  to  the  motor,  the  position  of  the  oppo- 
site motor  pole  will  drop  behind  the  position  it  had  with 
no  load  at  the  chosen  reference  time ;  and  the  amount 
of  the  difference  will  be  found  to  increase  as  the  load 
increases. 

This  change  in  motor  e.m.f.  phase  corresponds  to 
the  drop  in  speed,  as  the  load  comes  on,  in  a  direct- 
current  shunt  motor.  The  synchronous  motor  drops 
back,  in  rotor  position,  until  sufficient  armature  current 
flows  to  carry  the  load ;  the  action  is  analogous  to  the 
more  familiar  action  of  the  shunt  motor  in  decreasing 
its  speed  until  the  difference  between  line  voltage  and 
motor  voltage  (counter  e.m.f.)  is  sufficient  to  cause  a 
current  to  flow  that  will  produce  the  required  torque. 

If  the  frequency-changer  sets  have  induction  motors, 
instead  of  synchronous  motors,  the  load  division  is  de- 
termined by  the  relative  slips  of  the  two  motors.  In 
this  case  an  actual  drop  in  speed  occurs,  as  in  the  direct- 
current  motor  or  engine-driven  generator. 

While  there  is  a  change  in  phase  between  the  internal 
e.m.f.  and  terminal  e.m.f.  of  the  generators  that  in- 
creases with  load,  this  does  not  aflfect  the  division  of 
energy  load  between  the  sets  and  need  not  be  considered 
in  this  connection. 


Two  sets  having  synchronous  motors  will  divide  the 
available  load  in  such  a  way  that  the  angle  of  motor 
phase  shift,  due  to  the  load,  will  be  the  same  in  the  two 
motors.  If  one  motor  is  designed  so  that  it  drops  back  a 
smaller  angle  when  carrying  its  rated  load  than  does  the 
other  motor,  then  the  first  motor  will  carry  more  than  its 
proper  share  of  the  load. 

If  two  sets  do  not  satisfactorily  share  the  load,  there 
is  no  possible  adjustment  that  will  improve  the  load 
division  at  all  loads.  The  load  division  at  some  partic- 
ular load,  such  as  rated  load,  may  be  improved  by  ad- 
vancing the  phase  of  the  motor  which  is  carrying  less 
than  its  proper  share  of  the  load,  this  being  done  by 
moving  the  frame  in  the  cradle.  This  will  increase  the 
load  taken  by  the  motor  by  the  same  amount  at  all  loads, 
so  that  at  light  loads  this  motor  will  take  more  than  its 
share,  and  at  no  load  may  motorize  the  generator  of  the 
other  set.  This  action  is  analogous  to  the  action  that  takes 
place  in  two  shunt-wound,  direct-current  generators  in 
parallel  when  the  excitation  of  one  generator  is  increased 
to  compensate  for  a  greater  drop  in  engine  speed. 

Synchronizing  an  Unloaded  Set  With  a  Loaded  Set 
— The  fact  that  both  the  motor  counter  e.m.f.,  as  com- 
pared with  the  line  voltage,  and  the  generator  terminal 
e.m.f.,  as  compared  with  the  generator  internal  e.m.f., 
shift  in  phase,  in  the  same  direction  (assuming  the  usual 
condition  of  lagging  generator  current)  as  the  load  in- 
creases, introduces  a  new  factor  in  synchronizing  a 
loaded  and  unloaded  set.  If  the  two  sets  are  correctly 
adjusted  for  exact  synchronism  at  no  load,  it  will  be 
impossible  to  exactly  synchronize  an  unloaded  set  with 
another  set  that  is  transferring  power  between  two  sys- 
tems. It  usually  will  be  satisfactory  to  connect  the  two 
generators  together,  even  though  exact  synchronism 
does  not  exist. 

In  connection  with  this  question  of  synchronizing  an 
unloaded  set  with  a  loaded  set,  it  is  interesting  to  point 
out  that  the  total  shift  in  phase,  due  to  load,  is  greater 


FIG.   7 — ROTOR  OF   .\  TYPIC.-VI.   FREQUENCY-CHANOKR    SET 

when  power  is  transferred  from  the  low-frequency  sys- 
tem to  the  high-frequency  system  than  when  the  direc- 
tion of  power  flow  is  reversed.  The  reason  for  this  is, 
of  course,  the  fact  that  the  phase  shift  of  the  motor, 
expressed  in  generator  electrical  degrees,  is  the  motor 
electrical  angle  multiplied  by  the  ratio  of  the  generator 
poles  to  the  motor  poles.  This  ratio  is  obviously  greater 
than  unity  when  the  motor  is  the  low-frequency  ma- 
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chine,  and  less  than  unity  when  the  motor  is  the  high- 
frequency  machine.  In  extreme  cases  of  phase  shift 
due  to  load,  this  fact  might  be  made  of  practical  use  if 
it  happens  that  when  a  second  set  is  to  be  synchronized, 
the  direction  of  power  flow  can  be  made  such  as  to  se- 
cure this  smaller  angle  of  phase  shift. 

STARTING  AND  STOPPING   FREQUENCY-CHANGER  SETS 

If  a  frequency-changer  set  of  the  synchronous  type 
ties  together  two  generating  systems,  the  two  systems 
must  be  synchronized  through  the  frequency  changer. 
This  can  only  be  done  by  changing  the  speed  and  fre- 
quency of  the  generators  of  either  primary  source  of 
power.  Usually  the  frequency-changer  set  is  located 
in  the  same  building  with  the  generators  of  one  system, 
and  obviously  it  will  be  most  convenient  to  synchronize 
the  set  by  adjusting  the  speed  of  these  adjacent  gener- 
ators. This  condition  applies  to  induction  motor-driven 
sets  as  well  as  to  synchronous  motor-driven  sets.  While 
the  speed  of  a  set,  driven  by  an  induction  motor,  having 
a  phase-wound  secondary,  is  under  control  when  the  set 
is  transferring  power  (by  changing  the  resistance  in  the 
secondary  circuit)  the  speed  cannot  be  appreciably 
changed  at  no-load  for  synchronizing  purposes,  on  ac- 
count of  the  negligible  secondary  voltage  and  current 
then  existing. 

In  starting  a  second  frequency-changer  set  of  the 
synchronous  type,  it  cannot  be  exactly  synchronized  with 
a  set  already  carrying  load,  on  account  of  the  phase  shift 
in  both  motor  and  generator,  due  to  load.     The  usual 


practice  is  to  connect  the  incoming  generator  to  its  load 
in  spite  of  this  phase  difference,  when  the  incoming  gen- 
erator will  automatically  take  its  share  of  the  load. 

A  similar  problem  is  encountered  in  starting  a  sec- 
ond induction  motor-driven  set  when  a  similar  set  is 
already  in  operation  and  carrying  load.  In  this  case  the 
speed  of  the  unloaded  set  will  be  higher  than  that  of  the 
loaded  set.  The  incoming  generator  may  be  synchro- 
nized with  the  loaded  generator  by  opening  its  motor 
line  switch  when  the  speed  is  above  that  of  the  loaded 
set.  The  set  will  then  drift  down  to  the  speed  of  the 
loaded  set,  and  the  line  switch  of  the  incoming  generator 
may  be  closed  when  the  two  generators  are  in  synchro- 
nism. The  generator  will  then  be  operating  as  a  motor 
with  the  induction  motor  disconnected  from  its  line. 
With  the  two  generators  operating  in  parallel,  the  induc- 
tion motor  of  the  unloaded  set  will  have  a  forced  slip 
equal  to  the  slip  of  the  loaded  induction  motor,  and  when 
the  motor  line  switch  is  closed  it  will  tend  to  take  a  load 
corresponding  to  this  slip. 

When  a  synchronous  motor-driven  set  is  discon- 
nected from  the  system  to  which  it  is  transferring  power 
the  load  on  the  set  cannot  be  gradually  dropped.  It  is 
necessary  to  open  the  generator  oil  switch,  immediately 
transferring  the  total  load  to  the  remaining  units.  If  the 
set  to  be  disconnected  is  induction  motor-driven,  and  the 
induction  motor  is  phase-wound,  it  is  possible  to  grad- 
ually transfer  the  load  from  one  generator  to  the  others 
by  increasing  the  secondary  resistance  of  the  set  about 
to  be  shut  down. 


The  Application  of  Oil  Circuit  Breakers  to  a 
Large  Power  System 


J.  B.  MacNehl 

Switchboard  Engineering  Dept., 

Westinghouse  Electric  &  Mfg.  Company 


THE  selection  of  suitable  circuit  breakers  for  all 
points  in  a  large  power  system  having  several 
interconnected  generators  is  a  complicated  prob- 
lem, the  difficulties  increasing  with  the  complexity  of  the 
power  system.*  In  a  complicated  power  system  the 
situation  must  be  carefully  analyzed  to  determine  ex- 
actly what  component  parts  of  the  system  are  capable  of 
feeding  power  into  a  short-circuit  at  any  particular 
point,  and  from  this  the  capacity  of  the  circuit  breakers 
which  will  be  necessary  at  the  various  connecting  points 
of  the  system  to  open  properly  any  short-circuit  which  is 
liable  to  occur. 

As  a  typical  illustration  of  such  a  problem.  Fig.  i 
shows  a  diagrammatic  layout  for  one  of  the  largest 
power  systems  in  the  country,  and  the  data  used  in 
estimating  the  duty  required  from  the  circuit  breakers 
is  shown  in  Table  I. 


*See  "Oil  Circuit  Breakers  and  Their  Application,"  by  Mr 
J.  B.  MacNeill,  in  the  Journal  for  August,  '16,  p.  364. 


This  system  consists  of  two  generating  stations  and 
two  substations  containing  rotating  synchronous  appa- 
ratus, which  is  capable  of  feeding  back  into  a  short- 
circuit  on  the  feeder  system.  The  potential  is  11  000 
volts  between  phases,  or  6350  volts  from  any  terminal  to 
neutral.  In  Fig.  i  the  generating  stations  are  shown 
divided  into  two  sections  for  consideration  in  the  circuit 
breaker  determination,  as  half  of  the  station  designated 
as  a  consists  of  nine  7500  k.v.a.  synchronous  generators 
of  five  percent  reactance,  while  the  other  half  a^  consists 
of  nine  7500  k.v.a.  induction  generators,  which  are  neg- 
lected in  the  calculations,  as  these  generators  do  not 
maintain  their  voltage  under  short-circuit  conditions. 

The  station  shown  at  c  consists  of  one  30  000  k.v.a. 
synchronous  turbogenerator  of  ten  percent  reactance 
feeding  bus  m  through  a  reactance  of  five  percent  at 
30  000  k.v.a.,  marked  /.  The  station  at  d  has  four  syn- 
chronous turbogenerators,  each  similar  to  the  one  in  c, 
and  each-  separately  connected  to  its  own  bus  in  the  same 
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manner  as  in  c.  Stations  c  and  d  are  connected  to  the 
tie  bus  jjii  through  the  tie-bus  reactances  e  and  e-,  of  two 
percent  at  30000  k.v.a.  The  four  4000  k\v  rotary  con- 
verters n  and  n^  are  connected  two  in  parallel  to  each 
substation  bus  section.  The  short-circuit  points  .?,  and 
s„  are  located   inside  the   substations   just  behind   the 


TABLE  I-CHARACTERISTICS  OF  APPARATUS 

J 

a 

Apparatus 

Z 

W  H 

i 

> 

< 

^0 

11 

a 

Synchronous  Gen- 
erators   

67  500 

3 

n  000 

3550 

0.09 

a. 

Induction    Gener- 
ators   

0 

67500 

3 

II  000 

3550    ,  not  considered 

c 

Syn.     turbogener- 

, 

30000 

.3 

II  000 

1575 

0-4 

~d- 

Syn.     turbogener- 
ators   

4 

120000 

3 

II  000 

6300 

0.1 

' 

Two  percent,  tie- 
bus  reactance .  . 
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busses;  jfj  is  on  the  substation  cable  beyond  the  main 
station  bus  and  s^  is  on  the  tie-line  just  outside  the  main 
station  bus  ni. 

The  effect  of  the  tie-bus  reactance  in  limiting  short- 
circuit  currents  on  the  line  is  seen  in  that,  while  each 
generator  can  feed  a  short-circuit  on  its  main  bus 
directly  through  its  generator  reactance,  still  it  cannot 
feed  a  short-circuit  on  the  bus  of  another  generator 
without  feeding  in  series  through  its  own  tie-bus  react- 
ance, the  tie-bus  reactance  of  the  machine  on  whose  bus 
the  short-circuit  exists  and  through  the  main  bus  react- 
ance of  the  second  machine.  Thus  in  case  of  a  short- 
circuit  Ji,  Fig.  I,  the  generator  c  feeds  the  short-circuit 
through  main  bus  reactance  /  to  bus  m,  and  through 
feeder  g  to  substation  bus  /.  The  four  turbogenerators  at 
d,  each  of  which  is  on  a  separate  main  bus  section  sim- 
ilar to  VI,  feeds  the  short-circuit  at  .y^  (which  is  of?  the 
bus  m  of  the  generator  c)  in  a  roundabout  fashion 
through  e  to  »%  to  ^1  to  /  to  m  to  g  and  thus  to  /.  The 
generators  at  a  feed  short-circuit  jj  through  b  to  in  to  g 
and  thus  to  /.  The  short-circuit  current  is  then  deter- 
mined as  follows : — 

Phase  voltage  =  63SO  volts. 
Impedance  from  c  to  p  =^  o  -\-  J0.4. 
Impedance  from  d  to  /)  =  o  -f-  jo.l  -f-  jo.02  +  jo.08. 
Resultant  impedance  from  c  and  d  to  p  =:  o  +  jo.133. 
Resultant  impedance  from  c  and  d  to  m  =  o  -f-  jo.33- 
Impedance  from  a  to  m  =  0.43  -\-  jo.09. 
Resultant  impedance  from  a,  c  and  d  in  parallel  to  m  = 
0.13  -I-  jo.205. 

Impedance  to  Ji  =  0.13  +  0.07  -f  jo.205  =  0.28  ohms. 
Short-circuit  current  at  Ji  =  6350  ^  O.28  =  22  600  amperes. 
Three-phase  k.v.a.  at  j,  =  22  600  X  6350  X  3  =  430  000. 

Any  power  fed  into  a  short-circuit  at  s^  from  rotary 
converters  at  n  will  not  pass  through  a  circuit  breaker 


located  between  s^  and  /  and  should  not  be  considered  in 
selecting  a  circuit  breaker  located  as  shown  on  diagram. 

The  rotary  converter  n^,  however,  will  feed  back  into 
Si  probably  about  three  times  its  rated  k.v.a.,  or  25  000 
k.v.a.,  at  the  time  an  automatic  circuit  breaker  at  s^  will 
open,  giving  a  total  short-circuit  at  circuit  breaker  of 
455  000  k.v.a.  In  a  similar  manner  the  short-circuit 
k.v.a.  at  S2  =  200  000,  at  S3  =  500  000,  at  s^  =  365  000. 

In  making  these  calculations  the  effect  of  armature 
reaction  in  reducing  the  short-circuit  current  has  been 
neglected,  and  on  such  a  large  system  it  is  wise  to  do  so, 
for  at  points  s^,  s^,  s^  or  s^  a  short-circuit  will  not  lower 
the  system  voltage  very  much.  For  the  same  reason  the 
addition  of  a  time  element  to  the  circuit  breaker  trip 
mechanism  will  not  reduce  appreciably  the  duty  on  the 
circuit  breakers  at  such  points.  At  j^  a  circuit  breaker 
placed  between  the  short-circuit  and  m  will  have  to  open 
only  the  current  from  c  and  d  and  the  rotary  converters. 
A  circuit  breaker  located  on  b  beyond  s^  from  m  will 
have  to  open  only  the  current  that  comes  over  the  tie- 
line  b.  Generator  resistances  and  feeder  tie-line  react- 
ances have  been  neglected.  On  systems  having  large 
amounts  of  underground  high-voltage  cables,  the  capaci- 
tive  reactance  of  the  cable  must  be  considered.  Recent 
tests  on  a  24000  volt  cable  system  showed  that  the  ma- 
chine's reactance  was  practically  neutralized  by  the  cable 
capacitance.  To  secure  adequate  protection  for  feeders, 
as  g,  an  automatic  instantaneous  circuit  breaker  was 
placed  at  each  end  so  that  a  short-circuit  at  .y,  would  be 
opened  by  two  circuit  breakers  in  series. 


=  Point  of  Short-Circuit 
'W'    -  Reactance 
-r      *  Circuit  Breaker 

FIG.   I — SCHEM.\TIC  LAYOUT  OF  A  THREE-PHASE  POWER  SYSTEM 

n  and  n,  =  two  4(XX)  k.v.a.  three-phase  rotary  converters ;  fe 
and  /ti  ^  two  4000  k.v.a.  three-phase  transformers;  /  and  /i  = 
substation  busses ;  m  =  main  bus ;  s.^  $2,  5%  and  j,  =  points  of 
short-circuit;  a,  a,,  c  and  d  are  generators;  e,  e^  and  /  are  react- 
ances ;  h,  g  and  i  are  tie  lines. 

These  values  are  based  on  symmetrical  generator 
short-circuits  and  will  be  somewhat  greater  for  unsym- 
metrical  ones.  However,  for  short-circuits  at  points  out 
on  the  system,  the  increase  of  current  due  to  unsym- 
metrical  short-circuits  is  relatively  small. 


The  Use  of  Autotransformers  on  Grounded 

Neutral  Systems 

WITH  ROTARY  CONVERTERS  AND  MOTORS 
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WHEN  autotransformers  are  used  with  rotary 
converters  on  systems  having  the  neutral 
grounded,  particular  attention  must  be  paid 
both  to  the  number  of  autotransformers  used  and  to  the 
arrangement  of  taps  on  the  autotransformers. 

Normally  the  taps  on  an  autotransformer  are  ar- 
ranged as  shown  in  Fig.  i,  in  which  one  terminal  is  com- 
mon to  both  primary  and   secondary  circuits.     When 
autotransformers  are  used  with  two-phase  rotary  con- 
verters  the  taps   must  be 
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FIG.    I  FIG.   2 

Fig.    I  —  Normal    arrangement 

of  autotransformer  taps. 
Fig.  2  —  Symmetrical  arrange- 
ment of  taps. 


arranged  as  shown  in  Fig. 
2,  in  which  there  are  two 
[iriniary  leads  A-A  and 
two  secondary  taps  B-B 
placed  symmetrically  with 
respect  to  the  middle 
point  of  the  winding. 
A  rotary  converter  operating  at  full  voltage  from  a 
two-phase  line  is  represented  at  i  in  Fig.  3  and  another 
rotary  converter,  being  started  at  reduced  voltage  from 
autotransformers,  connected  to  the  same  line  is  shown 
at  2,  Fig.  3.  The  potential  difiference  between  A  and  B 
(Fig.  3)  and  between  C  and  D  is  100  percent  of  line 
voltage,  and  the  potential  difference  between  A  and  C 
and  between  B  and  D  is  71  percent  of  line  voltage.  In 
like  manner,  the  potential  difiference  between  a  and  b 
and  between  c  and  d  is  100  percent  of  the  secondary 
voltage  of  the  autotransformer,  and  the  potential  dif- 
ference between  a  and  c  and  between  b  and  d  is  yi  per- 
cent of  the  secondary  voltage.  Tracing  the  connections 
between  the  two  converters  back  through  the  bus-bars, 

it  is  seen  that 
points  B  and  b 
are  likewise  con- 
nected. There- 
fore,  two  sources 
of  potential  dif- 
fering i  n  value 
are  connected  to- 
gether, which  will 
cause  a  sufficient 
circulating  c  u  r  - 
rent  to  flow  in  the 
circuit  BDdbB  to  make  the  impedance  drop  equal  to  the 
difiference  of  potential  of  the  two  circuits.  This  circu- 
lating current  is  sufficiently  large  to  be  dangerous  to  the 
converter  windings  and  connections. 

If  the  autotransformers  are  arranged  as  shown  in 
Fig.  2  this  condition  is  corrected  and  the  rotary  con- 


FIG.    3 — INCORRECT    CONNECTION    OF    AUTO- 
TRANSFORMERS FOR  STARTING  A  TWO- 
PHASE  ROTARY  CONVERTER 


verters  will  operate  satisfactorily,  because  the  neutrals 
of  both  rotary  converters  coincide,  and  a  small  portion 
of  the  autotransformer  winding  is  interposed  between 
each  point  on  the  starting  rotary  converter  and  the  cor- 
responding point  on  the  running  rotary  converter.  If 
the  generator  supplying  the  two-phase  system  does  not 
have  interconnected  windings  and  no  other  rotary  con- 
verter is  operating  from  the  circuit,  a  single  rotary  con- 
verter can  be  started  satisfactorily  from  the  line  by  the 
use  of  autotransformers  connected  as  shown  in  Fig.  i. 
But  if  a  second  converter  be  started  with  this  type  of 
autotransformer  while  another  is  operating  from  the 
line,  a  large  circulating  current  will  be  set  up  which  will 
cause  arcing  at  the  brushes  on  the  slip  rings  of  the  two 
machines. 

Two  autotransformers  can  be  connected  in  open 
delta,  as  shown  in  Fig.  i,  for  a  three-phase  rotary  con- 
verter, o  r  three 
autotrans- 
f ormers  can  be 
connected  in  star. 
For  a  s  i  X- 
phase  rotary 
converter,  w  i  t  h 
diametrical  c  o  n- 
nections,  three 
autotrans- 
formers arranged 
as  shown  in  Fig. 
2  must  be  used  if 
six-phase  starting 
is  employed.  Usu- 
ally, however,  six-phase  rotary  converters  will  start 
on  three-phase,  in  which  case  two  single-phase  auto- 
transformers in  open  delta  or  three  in  star  may  be  used 
as  for  a  three-phase  supply. 


In  the  case  of  two-phase  motors  operating  from  a 
grounded  neutral  system  in  which  the  middle  points  of 
the  two  phases  are  connected  both  in  the  system  and  in 
the  motor,  the  same  conditions  apply  as  in  the  case  of 
rotary  converters,  where  the  autotransformers  must  be 
arranged  as  shown  in  Fig.  2. 

In  the  case  of  tliree-phase  motors  with  grounded 
neutral  operating  from  a  three-phase  grounded-neutral 
line,  two  autotransformers  in  open  delta  cannot  be  used, 
because  of  the  unbalancing  of  the  phase  voltages  which 
are  applied  to  the  motor.    The  conditions  in  this  case  are 


FIG.  4 — INCORRECT  CONNECTION  OP  AUTO- 
TRA.N'SFORMERS  IN  OPEN  DELTA  FOR  START- 
ING A  THREE-PHASE,  GROUNDED-NEUTRAL 
MOTOR  FROM  .\  GROUNDED-NEUTRAL  SYSTEM 
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indicated  in  Fig.  4,  where  AO,  BO  and  CO  represent 
the  v^indings  of  the  three-phase  grounded-neutral  gen- 
erator and  a'G,  b'G  and  c'G  represent  the  windings  of 
uic  iiiree-phase  grounded-neutral  motor  which  is  oper- 
ated from  autotransformers  in  open  delta.  In  this  case 
the  generator  phase  winding  OC  is  connected  to  the 
motor  phase  winding  Gc'  through  the  connection  Cc' 
and  GG.  This  applies  full  voltage  to  the  phase  Gc'  of 
the  motor,  while  the  other  phases  receive  reduced  volt- 
ages Go!  and  Gb'  through  the  autotransformers.  It  is 
to  be  noted  also  that  the  voltages  in  the  motor  windings 


are  not  120  degrees  apart  in  time  phase,  as  they  should 
be,  but  about  60  degrees  or  less,  depending  on  the  per- 
centage tap  used  on  the  autotransformer.  This  condi- 
tion greatly  decreases  the  motor  torque  and  produces  a 
very  high  current  in  one  phase  of  the  motor.  If  the 
ground  connection  of  the  motor  is  opened  the  motor 
neutral  will  shift  to  0  and  the  voltages  in  the  motor 
windings  will  be  balanced  as  shown  by  oa' ,  ob'  and  oc'. 
If  the  ground  connection  cannot  be  broken,  how- 
ever, three  autotransformers  connected  in  star  should 
be  used. 


Promoting  Residential  Service 


George  P,  Roux 

Consulting  Engineer, 

Philadelphia,  Pa. 


THE  first  commercial  incandescent  lamp,  with  an 
efficiency  of  seven  watts  per  candle,  was  consid- 
ered a  wonderful  achievement.  Successive  and 
rapid  evolutions  increased  the  efficiency,  as  well  as  the 
life,  of  the  carbon  lamp  until  it  reached  3.1  watts  per 
candle.  Then  the  metallized  filament,  later  the  tantalum, 
and  finally  the  tungsten  lamps  were  brought  out,  the 
latter  with  an  efficiency  of  1.2  watts  per  candle.  Now 
the  gas-filled  lamp  has  been  added,  showing  a  better 
efficiency  yet.  Contemporaneously  electric  lighting  de- 
veloped into  a  business  of  amazing  proportions.  In 
practically  all  public  utilities  the  greatest  percentage  of 
the  customers  are  yet  those  using  electricity  for  lighting 
service.  But  the  remaining  percentage  includes  by  far 
the  largest  users  of  current,  to  such  an  extent  that  the 
income  derived  from  power  and  other  applications  in 
many  cases  largely  exceeds  that  secured  from  the  light- 
ing business. 

Every  improvement  in  the  efficiency  of  lamps  results 
in  a  reduction  in  the  amount  of  electrical  energy  con- 
sumed in  lighting  service.  The  public  is,  therefore,  the 
first  to  reap  the  benefits  of  these  economical  improve- 
ments. This  reduction  is  subsequently  balanced  by  more 
extensive  lighting  and  by  the  addition  of  new  customers 
converted  to  electric  service  by  reason  of  its  greater 
economy  and  convenience.  However,  to  supply  these  new 
customers  requires  additional  investment  in  lines  and 
equipment,  and,  assuming  that  the  lighting  revenue  is 
brought  back  again  to  the  same  level  as  before  the 
advent  of  more  economical  lamps,  the  financial  burden 
'  of  the  public  utility  has  considerably  increased  and  the 
margin  of  profit  decreased. 

Obviously,  the  electric  lighting  business  is  more  ex- 
pensive to  carry  than  the  power  business,  due  to  a 
greater  investment  in  equipment  over  a  large  area,  with 
closer  regulation  and  other  requirements,  all  of  which 
represent  a  proportional  increase  in  the  fixed  charges, 
cost  of  operation,  of  maintenance  and  administration. 

On  an  average  the  major  percentage  of  lighting  cus- 
tomers are  in  the  residential  class.  Every  possible  en- 
couragement should  be  afforded  for  the  development  of 
this  class  of  lighting  business,  because  it  brings  a  more 


steady  income  than  the  commercial  class  of  lighting  cus- 
tomer whose  business  is  subject  to  wide  variations  fol- 
lowing the  fluctuations  of  trade,  business  conditions,  etc. 
Furthermore,  the -maximum  demands  of  the  residential 
customers  occur  generally  at  periods  of  hght  load,  and 
are  thus  favorable  to  the  economical  operation  of  the 
central  station. 

In  dealing  with  this  problem,  two  factors  must  neces- 
sarily be  considered ;  one,  and  perhaps  the  most  im- 
portant, is  the  computing  of  a  rate  permitting  the  resi- 
dential customer  the  full  use  of  the  electric  service, 
which  cannot  any  more  be  limited  to  lighting,  but  must 
be  extended  to  make  possible  the  general  use  of  elec- 
tricity in  the  home  for  the  more  economical  performance 
of  useful  labors  and  duties.  Upon  the  equitable  settle- 
ment of  this  rate  question  depends  the  success  of  the 
second  factor — the  promotion  of  the  general  use  of  elec- 
trical appliances. 

Very  little  increase  of  revenue  can  be  anticipated 
from  lighting,  because  the  tendency  will  be,  as  in  the 
past,  to  produce  lamps  with  a  greater  illuminating 
efficiency,  and  a  resultant  decrease  in  energy  consump- 
tion, which  is  only  partly  offset  by  a  greater  number  of 
lamps  in  service.  Hence  public  utilities  must  look  for  a 
compensation  in  the  vast  field  afforded  by  the  domestic 
appliances,  with  the  anticipation  of  productive  results 
that  will  ultimately  exceed  all  predications,  because 
these  applications  are  unlimited  and  the  demand  will 
always  become  greater  as  a  palliative  to  the  ever- 
increasing  cost  of  living. 

Under  the  prevalent  rates  in  the  majority  of  com- 
munities for  residential  service,  the  customer  is  afforded 
very  little  encouragement  in  the  use  of  electrical  appli- 
ances. The  utility  of  these  devices  is  readily  appreci- 
ated, but  they  are  kept  beyond  the  financial  means  of 
the  greatest  part  of  residential  customers.  Commend- 
able steps  have  been  successfully  taken  in  a  number  of 
cases  in  the  formulation  of  rates  to  remove  the  prohibi- 
tive barrier  to  the  introduction  of  electrical  appliances 
in  the  household.  Yet  these  rates,  while  meeting  in 
a  way  the  immediate  needs  of  the  situation,  are  in  the 
main  arbitrary  and  lack  flexibility  in  their  adjustment 
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to  the  individual  requirements  of  a  varied  class  of  cus- 
tomers. 

The  rate  question  seems  to  be  deadlocked — not  be- 
cause of  a  lack  of  willingness  on  the  part  of  the  public 
utilities  to  squarely  confront  the  problem  and  attack  it 
with  an  earnest  desire  for  its  solution;  neither  because 
the  public  is  refractory  to  beneficial  actions  or  dislikes 
electric  service;  but  because  of  the  absence  of  satisfac- 
tory devices  to  measure  correctly  the  service  rendered. 

Owing  to  this  present  discrepancy,  there  is  no  other 
recourse  but  to  improve  a  rate  by  taking  as  a  basis 
average  results  with  the  help  of  statistical  data.  On  the 
elementary  principle,  admitted  even  by  the  most  biased 
customer,  that  any  article  or  product,  under  penalty  of 
failure  of  its  producer,  must  bring  from  its  sale  all  the 
expenses  occurred  in  its  production  and  up  to  the  point 
of  transfer,  plus  a  reasonable  profit ;  it  has  been  found 
what  the  average  lighting  customer  must  pay  for  the 
maintenance  and  operation  of  the  channels  necessary  for 
the  delivery  of  the  electrical  energy.  On  the  average 
this  is  equal  to  a  sum  substantially  represented  by  a  con- 
sumption of  energy  equal  to  the  maximum  demand  for  a 
period  of  thirty  hours  and  expressed  in  kilowatt-hours. 
When  this  amount  has  been  reached  the  service  can  be 
supplied  at  practically  the  total  cost  of  production  of  the 
electrical  energy  at  the  central  station,  plus  a  reasonable 
profit,  together  with  an  allowance  for  the  transmission 
losses  in  transit. 

The  former  charge,  called  a  service  or  demand 
charge,  is  manifestly  consistent  with  all  laws  of  trade, 
and  is  readily  understood ;  the  individual  amount  of  the 
demand  fixing  the  ratio  of  the  total  service  charge  of 
that  class  of  customer  is  yet  a  factor  to  be  determined 
and,  as  stated  before,  there  is  no  other  alternative  but  to 
fix  it  arbitrarily  from  statistical  information,  either  on 
an  active  room  basis,  on  a  scale  of  factors,  or  any  other 
convenient  method,  inspired  with  a  view  of  equitably 
pro-rating  the  cost  and  expenses  incurred  in  the  delivery 
of  the  electrical  energy  to  the  customers.  A  schedule  of 
rates  applied  according  to  this  method,  while  not  in  the 
least  discriminating  in  its  principle,  does  discriminate  in 
its  application,  as  it  does  not  recognize  individual  taste, 
custom,  need  or  convenience. 

In  rate  making  it  is  essential  to  consider  the  business 
of  the  public  utility  as  being  conducted  by  two  different 
departments,  namely,  the  production  or  manufacture  of 
the  commodity,  and  its  distribution  and  delivery  to  the 
customers.  The  character  of  each  one  of  these  depart- 
ments is  so  distinct,  not  only  in  their  operation  but  also 
in  their  requisites,  that  their  respective  expenses  must 
be  kept  separately,  as  is  common  practice  in  every  other 
industry. 

At  one  place  the  product  is  manufactured  whole- 
sale and  delivered,  so  to  speak,  at  a  shipping  platform, 
whence  the  other  department  conveys  and  delivers  it  to 
the  customers  and  attends  to  all  the  commercial  trans- 
actions inherent  to  the  business. 

It  follows  that  the  final  charge  to  the  customer  must 
include, — first,  the  cost  of  production  of  the  commodity 


plus  a  profit,  this  charge  being  only  slightly  afi'ected  by 
the  volume  of  the  output ;  and  second,  the  service  charge, 
covering  all  expenses  incident  to  the  conditioning  of  the 
product  for  its  distribution  and  delivery,  together  with 
the  commercial  expenses  of  sale,  bill  collecting,  credit, 
administration  and  fixed  charges,  with  in  addition  a 
profit. 

It  is  evident  that  the  cost  of  manufacture  has  no 
relation  to  and  cannot  be  affected  in  the  least  by  the  ex- 


FIG.  I — AVERAGE  HOURS  OF  ARTIFICIAL  UGHTINC  BY  RESIDENTIAL 
CUSTOMERS   PER  YEAR 

penses  of  distribution  of  the  product,  these  expenses 
being  variable  according  to  the  class  of  customers. 
Therefore,  the  logical  demand  that  the  final  charge  or 
amount  to  be  billed  the  customer  should  be  determined 
automatically  requires  a  meter  that  recognizes  not  only 
kilowatt-hours,  but  also  the  maximum  demand  of  the 
customer  persisting  over  a  certain  period.  Under  these 
conditions  the  customer  is  not  limited  to  a  definite  maxi- 
mum k.v.a.  demand,  but  can  exceed  this  stipulated  limit 
when  necessary,  the  recording  device  indicating  the  addi- 
tional charge  incurred.  A  service  based  on  kilowatt- 
hours  only  is  just  as  absurd  as  a  freight  rate  reckoned 
on  weight  only,  disregarding  the  physical  nature  of  the 
article,  distance  and  speed. 

The  instrument  needed  to  span  the  gap  between  the 
public  utilities  and  their  customers  is  an  "electric  service 
meter,"  indicating  both  energy  consumption  and  maxi- 
mum demand,  in  a  form  understandable  to  the  customer, 
and  thus  providing  the  public  utility  with  consistent  in- 
formation for  billing  purpose.  Such  a  meter  will  make 
possible  the  application  of  scientific  rate  schedules,  fur- 
ther promoting  the  use  of  electricity. 

The  analysis  of  practical  results  obtained  in  the  oper- 
ation of  public  utilities  indicates  that  the  daily  hours  of 

TABLE  I-ANALYSIS  OF  AVERAGE  REQUIREMENTS 


Customer's  symbol. . . 

A 

B 

C 

D 

E 

F 

Number  of  lamps 

10 

20 

40 

1 00 

Kw  connected  load.. 

OS 

I 

2 

3 

4 

5 

Max.  lamps  burning. , 

6 

11 

20 

27 

^\ 

35 

Kw  max.  demand. . .  . 

0.30 

o.SS 

1. 00 

1. 35 

ft 

Demand  factor,   per- 

60 

55 
40 

50 
70 

45 
90 

40 

Av.  kw-hr.  per  month 

8 

Load  factor  .[percent. . 

5-SS 

5-55 

4.16 

artificial  lighting  vary  throughout  the  year,  as  shown 
in  Fig.  I,  averaging  4.38  hours  daily,  133.3  hours  per 
month  and  a  total  of  1600  hours  of  lighting  per  year. 

Classifying  residential  customers  by  the  number  of 
50  watt  lamps  connected,  or  its  equivalent,  it  is  generally 
found  that  the  demand  factor  varies  inversely  with  the 
connected  load,  approximately  as  shown  in  Table  I. 
These  customers,  if  charged  on  a  straight  10  cents  per 
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kvv-hr.  rate,  can  hardly  afford  (especially  the  small 
ones)  to  introduce  electrical  appliances  in  their  home. 
But  if,  for  instance,  the  rate  is  ten  cents  for  30  hours' 
use  of  the  maximum  demand,  which  is  given  on  line  5, 
and  four  cents  for  all  energy  used  in  excess  (this  rate 
has  been  reduced  as  low  as  one  cent  in  some  localities), 
the  average  monthly  bills  for  lighting  are  greatly  re- 
duced, as  shown  in  Table  II,  and  the  introduction  of 
electrical  appliances  in  the  home  is  made  possible. 

TABLE  II— COMPARISON  OF  MONTHLY  BILLS 


Customer's  symbol 

Demand  charge 

A 

$   .90 
i  .44 

B 
1.65 
•94 

C 
3.00 
1.60 

D 
4-05 
1.98 

E 
4.80 

2.48 

F 
5-23 

2.90 

Si. 34 

2. 59 
4.00 

4.60 

6.03 
9.00 

7.28 

11.00 

8. IS 
12. so 

At  IOC  per  lav--hr 

The  straight  kilowatt-hour  charge  which  was  per- 
haps justified  several  years  ago  is  now  irrational,  since 
progressive  developments  have  adapted,  electricity  to  a 
great  diversity  of  service.  Under  the  modern  conditions 
the  central  station  does  not  sell  any  more  electrical 
energy  in  the  form  of  kilowatt-hours,  but  it  sells  rather 
an  electric  service  always  at  the  command  of  its  cus- 
tomers for  any  uses  and  applications  deemed  convenient. 
A  comparison,  as  in  Fig.  2,  of  the  two  rates  above 
named,  when  applied  to  the  small  customer  of  class  A 
(which  represents  the  greatest  percentage  pf  the  resi- 
dential customers  of  most  public  utilities),  shows  the 
absurdity  of  the  straight  rate  charge. 

There  is  a  point  on  the  10  cent  rate  curves  where  a 
perfect  balance  exist  between  it  and  the  total  charge  for 
energy  and  service  (inclusive  of  profit)  ;  any  consump- 
tion beyond  this  point  is  overcharged  and  would  soon 
be  out  of  all  proportion  if  the  customer  was  compelled 
to  a  greater  use  of  the  commodity.  Generally  the  cus- 
tomer is  bound  to  exercise  great  care  in  the  use  of  the 
electricity    and    refrain    from    applications    other    than 


1      6 

1      3 

Z 

^ 

^ 

1 

^ 

^ 

■^ 

r 

f 

>^ 

»^ 

r 

02; 

sii 

iSB 

J 

kf 

r^ 

£^ 

J*- 

'% 

fi 

"t: 

Lf 

■r   K. 

owal 

■  Hou 

10  C 

..L 

h 

.ar..'Ra,c 

] 

1            1            1 

5A„,p,„ 

our  cSnsom'bon*"        "         "        " 

Scr 

oil 

Pciccnt   Load  Factor                                                              | 

KIG.  2 — COMPARISON   BEtWEEN  A  TEN-CENT  STRAIGHT  RATE  AND  AN 
ENERGY   AND   DEMAND   RATE 

As  applied  to  a  500  watt,  connected-load,  residential  customer. 

those  strictly  necessary,  with  a  consequent  degree  of 
annoyance  and  hindrance  to  the  development  of  the 
business. 

The  demand  rate  works  out  in  the  opposite  direc- 
tion with  mutual  benefit.  The  cost  per  kilowatt-hour 
consumed  decreases  with  the  consumption,  the  customer 


actually  pays  for  what  he  uses,  avails  himself  more 
freely  of  the  service  and,  extending  it  to  other  applica- 
tions, improves  his  load  factor,  while  yet  remaining 
practically  within  the  same  maximum  demand.  The 
public  utility  receives  a  true  and  just  compensation  for 
actual  service  rendered  and  secures  a  greater  diversity 
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FIG.   3 — POWER  CONSUMPTION   OF  TYPICAL  DOMESTIC    MOTOR 
APPLIANCES 

The  dot  represents  average  conditions. 

factor,  requiring  no  additional  investment  or  expense, 
but  rather  contributing  to  an  increased  output  of  the 
generating  equipment  and  tending  to  reduce  the  cost  of 
production. 

Classifying  the  most  popular  electrical  appliances, 
together  with  their  respective  energy  consumption  and 
average  hours  of  use  monthly  in  the  household,  as  indi- 
cated by  circles  in  Fig.  3,  it  is  seen  that  the  small  cus- 
tomer can  afford  a  flatiron  and  yet  keep  his  average 
monthly  bill  within  the  10  cent  per  kw-hr.  rate;  that  is, 
on  the  average  use  of  30  hours  per  month  of  a  550  watts 
flatiron,  the  cost  at  four  cents  per  kw-hr.  increases  the 
A  customer  lighting  bill  66  cents,  or  from  $1.34  to 
$2.00,  with  a  probability  of  his  extending  his  use  of 
electricity  to  other  applications,  which  may  be  expected 
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FIG.  4 — POWER  CONSU.MPTION  OF  TYPICAL  DOMESTIC   HEATING 
APPLIANCES 

to  bring  the  average  monthly  bill  to  $2.50  or  even  more, 
corresponding  to  an  increase  in  the  public  utility's  reve- 
nue of  25  percent  and,  in  addition,  winning  additional 
consumers  through  the  free  and  effective  advertisement 
of  satisfied  customers. 

The  public  utility  can  fortunately  go  a  step  further 
in  promoting  the  use  of  its  product  and  again  increase 
its  revenue  by  applying  a  combination  demand  and 
energy  rate,  as  stated  above,  with  a  block  rate  for  the 
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energy  charge ;  as  for  instance,  four  cents  for  the  energy 
consumption  up  to  a  certain  amount  of  kilowatt-hours 
and  then  two  cents  for  any  excess,  or  other  agreeable 
subdivision  of  the  block  rate. 

Such  a  rate  opens  a  wider  gate  for  the  introduction 
of  electrical  appliances,  especially  for  cooking  purposes, 
a  desirable  load  occurring  for  the  greater  part  of  the 
year,  at  a  time  when  a  dip  starts  in  the  daily  load  curve 
at  the  central  station. 


It  is  unnecessary  to  emphasize  the  advantages  offered 
to  the  householder  by  the  ever-growing  number  of  elec- 
trical appliances.  No  douljt  a  more  general  application 
will  be  made  in  the  future,  following  the  logical  ad- 
justment of  residential  rates,  an  intricate  problem,  the 
solution  of  which  seems  complicated  when  judged 
from  its  general  appearances,  but  which,  if  carefully 
analvsed,  will  reveal  to  the  rate-maker  the  kev  to  its 
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Conducted  by  R.  H.  WILLARD 
Aim — To  connect  theory  and  practic 


Self-Starting  Converters 

One  of  the  simplest  methods  of  starting  a  synchronous 
converter  is  from  the  alternating-current  side.  Heavy  damper 
bars  are  placed  on  the  field  poles  for  the  double  purpose  of 
making  the  machine  self-starting  and  of  preventing  hunting,  the 
action  being  like  that  of  a  squirrel-cage  motor.  In  starting,  a 
low  voltage  is  applied  to  the  converter  armature  through  its 
slip  rings.  This  creates  a  rotating  magnetic  field  around  the 
armature  just  as  any  polyphase  winding  will  do.  This  rotating 
field  cutting  the  damper  bars  on  the  pole  faces  tends  to  drag 
the  damper  bars  along  with  the  field,  but  since  the  dampers 
cannot  move  the  reaction   turns  the  armature  in  the  opposite 


direction  at  an  increasing  speed  till,  when  the  armature  is 
nearly  at  synchronous  speed,  it  locks  into  synchronism  because 
of  the  salient  pole  structure  of  the  field.*  Fig.  2  shows  the 
current  in  the  armature  conductors  and  the  flux  path  through 
the  field.  Since  the  magnetic  field  is  rotating  at  synchronous 
speed  with  respect  to  the  rotor  and  the  rotor  is  turning  in  the 
opposite  direction  at  synchronous  speed,  the  magnetic  field  is 
stationary  in  space  and  set  just  a  little  back  of  the  field  poles 
because  of  the  drag  of  the  rotor  due  to  friction.  The  volt- 
meter will  give  a  small  steady  deflection  positive  or  negative 


*See  Engineering  Notes  on  Synchronous  Induction  Motors, 
September,  1916. 


when  synchronous  speed  is  reached.  Now  let  the  shunt  field 
switch  be  closed.  If  it  be  closed  in  the  normal  running  posi- 
tion the  converter  will  drive  as  a  synchronous  motor,  as  shown 
in  Fig.  3.  (Use  Fleming's  rule  to  determine  direction  of  torque 
in  a  motor).  If,  on  the  other  hand,  the  field  switch  be  closed 
in  the  reverse  position  conditions  will  be  as  in  Fig.  4.  It  will 
be  seen  that  here  a  north  armature  pole  is  nearly  under  a 
north  field  pole.  Since  these  poles  repel,  the  armature  will 
drop  back  till  the  north  armature  pole  comes  nearly  under  the 
south  field  pole.  When  the  armature  has  dropped  back  to  the 
position  of  Fig.  5,  it  will  be  seen  that  the  brushes  are  between 
two  conductors,  in  one  of  which  the  current  is  coming  out,  in 
the  other  going  in.  In  other  words,  this  is  the  position  of  zero 
potential  between  brushes,  so  no  current  will  flow  and  there 
will  be  no  direct-current  field  excitation.  This  will  cause  the 
armature  to  drag  back  to  the  position  of  Fig.  6  due  to  friction. 
In  this  position,  although  the  polarity  of  the  field  has  changed, 
the  armature  has  dropped  back  a  pole,  so  that  the  resultant 
torque  still  is  in  the  direction  opposing  rotation.  If  this  is 
followed  through  for  successive  armature  positions  it  will  be 
found  that  the  converter  will  continue  to  drop  back  a  pole  at  a 
time  indefinitely.  This  is  what  is  generally  referred  to  as 
"slipping  a  pole."  If  the  above  process  be  followed  through  for 
normal  field  connections  it  will  be  found  that  in  whatever  posi- 
tion the  armature  is  the  resultant  torque  will  assist  rotation, 
hence  the  converter  will  drive  as  a  true  synchronous  motor. 
Briefly,  with  normal  field  connections,  the  converter  runs  at 
synchronous  speed ;  with  reversed  field  connections  it  runs 
below  synchronous  speed  and  slips  a  pole  repeatedly.  It  is  not 
necessarily  true  that  the  converter  polarity  is  correct  even  with 
normal  field  connections.  It  will  be  noticed  in  Fig.  3  that  the 
right-hand  brush  is  negative.  This  polarity  may  or  may  not  be 
correct  for  parallel  operation.  This  can  be  ascertained  from 
the  voltmeter.  In  case  it  is  wrong  the  field  switch  is  reversed 
and  held  till  the  voltmeter  drops  to  zero,  then  returned  to  nor- 
mal, when  it  will  be  found  that  the  machine  has  slipped  a  pole 
and  the  polarity  has  reversed,  as  shown  in  Fig.  7.  If  the  con- 
verter builds  up  with  the  right  polarity  in  the  first  place  it  will 
be  unnecessary  to  change  the  polarity  by  slipping  a  pole.  When 
correct  polarity  is  obtained  the  alternating-current  side  is  con- 
nected to  the  full  alternating  voltage  and  the  machine  is  ready 
to  connect  to  the  bus. 

The  position  of  the  field  switch  does  not  determine  direct- 
current  polarity,  but  determines  whether  the  converter  will  run 
as  a  synchronous  motor  or  will  continually  slip  back  a  pole  at 
a  time  running  as  an  induction  motor.  Polarity  is  determined 
by  the  relative  position  of  the  coils  undergoing  commutation 
with  respect  to  the  direct-current  wave.  Each  time  the  con- 
verter slips  a  pole  the  direct-current  polarity  is  reversed,  so 
running  with  reversed  field  gives  low  frequency  alternating  volt- 
age at  the  direct-current  brtishes. 
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TKis    Universal 
RKeostat 

will  control  the  charge  of 
any  ntimber  of  cells  from  1 
to  44  at  any  charging  rate 
from  4  amperes  to  40  am- 
peres on  a  125-volt  direct 
current  circuit. 

Ward  Leonard  Universal  Battery  Charging  Rheostat 

Furnishes  every  charging  requirement  of  an  ignition  battery  or 
the  hghting-starting  battery  of  gas  automobiles — as  well  as  the  large 
batteries  of  electric  pleasure  cars  and  trucks. 

Battery  charging  is  a  profitable  business  and  with  the  Ward 
Leonard  Universal  Rheostat  the  charging  equipment  investment 
is  small. 

WARD  LEONARD  ELECTRIC  CO. 

MOUNT  VERNON,  N.  Y. 


Bus  Clamps 

In  making  connections  between  copper  straps,  such  as  bus- 
bars, clamps  are  frequently  used.  The  natural  choice  of  ma- 
terial for  low  cost  of  the  clamps  would  be  iron,  but  it  is  found 
that  where  iron  clamps  are  used  on  straps  carrying  alternating 
current  serious  heating  of  the  clamps  sometimes  results  from 


i;/ 


Flux  Path  with 
Two  Iron  Clamps 


iron  loss  due  to  the  alternating  flux,  which  has  nearly  a  closed 
path  around  the  bus  through  the  iron  clamp.  To  avoid  this  it 
is  customary  to  make  up  the  clamps  with  one  brass  and  one 
iron  piece,  as  in  Fig.  I.  Brass,  being  non-magnetic,  does  not 
furnish  a  closed  magnetic  circuit  around  the  bus. 


will  be  EI'  =  Vj  ii/i.     The  combined  rating  of  the  trans- 
formers will  be  ^  "s/j  Eh-     The  k.v.a.  rating  of  the  load  will 


be  sEIi.   The  combined  transformer  rating  will  be 


Rating  of  V-Connected  Transformers 

If  the  third  transformer  of  a  delta-connected  group  be 
removed  the  remaining  two  will  furnish  three-phase  voltage 
and  will  carry  a  three-phase  load.  The  current  for  the  third 
phase  of  the  load  will  be  drawn  from  transformers  i  and  2. 
If  it  is  assumed  that  clockwise  direction  around  the  delta  is 
positive  the  current  I3  in  the  transformers  will  be  negative.  The 
current  /'  in  transformer  I  will  be  I^  —  h,  I"  in  transformer  2 
will  be  L.  —  h.  Numerically  7'  =  /"  =  Vj  /i  =  Vj  h  =  Vj  h 
if  the  load  is  balanced.     The  k.v.a.  rating  of  each  transformer 


W3 


or  1. 15 
J 
times  the  rating  of  the  load.  This  means  that  to  carry  a  100 
k.v.a.  load  we  must  have  two  67.5  k.v.a.  transformers.  One 
way  of  considering  this  problem  is  that  in  the  delta  connection 
the  current  /,  only  heats  one  transformer,  that  in  phase  s,  while 
in  the  V  connection  it  heats  both.  This  reduces  the  output  of 
each  transformer  for  the  same  heating. 

Another  point  of  view  is  to  assume  the  current  /  in  each 
phase  of  the  load  and  a  voltage  E  across  it.     The  current  in 


each  line  is  the  resultant  of  the  currents  in  two  phases  of  the 
load,  which  is  /  \/j.  Each  transformer  must  carry  line  cur- 
rent, since  the  only  place  for  the  current  in  line  A  to  go  is 
through  the  transformer.  The  k.v.a.  rating  of  each  trans- 
former will  be  -\/7  EI,  and  the  total  transformer  rating  will  be 
twice  as  much,  2-\/j  EI.  The  k.v.a.  load  in  each  phase  will 
be  EI,  and  the  total  load  three  times  this  value,  S  EI.     The 

V3EI 


ratio  of  total  transformer  rating  to  load  is " 


3  EI 
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Undercutting  Commutators 

The  object  of  undercutting  commutators  is  to  clean  out  the 
mica  between  the  copper  segments  from  the  face  of  the  com- 
mutator to  a  depth  of  3/64  inch.  The  completed  armature, 
after  being  rewound,  soldered  and  banded,  has  the  commutator 
trued  up,  and  all  excess  solder  removed  from  the  neck  and  face, 


an  air  or  power-driven  (through  a  flexible  shaft)  circular  saw, 
which  is  guided  over  the  commutator  face  by  hand,  as  in  Fig.  3. 
A  hand  saw  consisting  of  a  piece  of  hack-saw  blade  mounted 
in  a  holder  for  doing  this  work,  also  a  small  cutter  to  clean  the 
slots  of  small  particles  of  mica  left  by  the  circular  saws,  are 
also  shown  in  Fig.  3. 


The  armature  is  mounted  between  the  centers  of  the  special 
lathe,  or  on  two  horses  if  the  hand-guided  saws  are  used,  so 
that  it  can  be  rotated  readily.  The  small  circular  saws  are  re- 
volved at  approximately  2000  r.p.m.  and  are  drawn  toward  the 
operator,  as  shown  in  Figs.  I  and  2,  so  that  he  can  guide  the 
cut.  The  cutting  edge  of  the  saw  should  revolve  in  a  direction 
tiiward  the  operator  while  it  is  cutting  the  mica. 

FINISHING 

After  slotting  is  completed,  the  face  of  the  commutator 
should  be  thoroughly  polished  and  cleaned  of  all  particles  of 
copper  by  means  of  emery  cloth.  The  special  lathe  can  be  so 
equipped  that  this  polishing  is  done  without  removing  the  arma- 
ture from  the  lathe  centers. 


FIG.    I — UNDERCUTTING   THE   COMMUTATOR 

Showing   special   lathe   equipped   with   a   motor-driven   saw   and 

operated  by  foot  pedal. 

and  is  then  turned  over  to  the  undercutter.  If  undercutting 
lathes  with  either  motor-driven  or  belt-driven  circular  saws, 
grooves  and  short-circuit  the  commutator  bars. 

TOOLS   AND    FIXTURES 

The  most  efficient  machines  for  doing  this  work  are  special 
lathes  with  eitlier  motor-driven  or  power-driven  circular  saws, 
clamped  on  an  arbor,  which  is  mounted  on  a  head  that  moves  on 
slide  rails.  By  means  of  a  hand-operated  lever  or  a  foot  pedal 
controlled  by  the  operator,  the  revolving  saw  is  carried  over  the 


PRECAUTIONS 


FIG.   2 — POWEK-DRIVEN    SAW 
Mounted  on  lathe  head   for  undercutting  commutators. 

face  of  the  commutator.  The  head  carrying  the  arbor  is  fitted 
with  an  adjusting  screw  to  adapt  the  height  of  the  saw  to  com- 
mutators of  different  diameter.  An  air  hose  and  hood  is  some- 
times provided  to  carry  off  the  mica  dust,  as  shown  in  Figs.  I 
and  2.    A  less  expensive  equipment  to  do  this  work  consists  of 


It  is  essential  that  all  particles  of  mica  be  removed  from 
between  the  segments  by  this  operation  ;  thus  it  is  advisable  to 


FIG.   3 — HAND  AND   MOTOR-OPERATED  TOOLS   USED  IN    UNDERCUTTING 

use  a  saw  about  0.005  inch  larger  than  the  thickness  of  the  mica 
to  be  undercut.  A  small  diameter  saw  must  be  used  in  order  to 
cut  the  slot  to  the  proper  depth  and  at  the  same  time  not  cut 
into  the  neck  of  the  commutator.  After  the  slots  are  sawed  it 
is  sometimes  necessary  to  go  over  them  with  a  small  hand 
cutter.  Fig.  3,  to  remove  all  remaining  particles  of  mica. 

ADVANTAGES 

A  clean  undercut  commutator  prevents  high  mica,  which 
reduces  the  burning  of  the  commutator  bars,  increases  the  life 
of  the  carbon,  and  practically  eliminates  flashing.  This  results 
in  greatly  reduced  maintenance  cost. 


An  undercut  commutator  should  operate  from  one  heavy 
inspection  period  to  another.  However,  if  an  armature  is  re- 
moved from  the  motor  frame  for  any  other  repairs,  the  com- 
mutator should  be  carefully  inspected,  and  if  the  mica  is  getting 
flush  with  the  copper  it  should  be  re-undercut. 
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1381  —  Speed     Variation     of     Single- 
Phase   Commutator   Motor — I   have 
read  with  keen  interest  the  article  on 
single-phase    commutator    motors    by 
Hellmund  and  Dobson  in  the  Journal 
for   March,    1916.     One   or   two   such 
articles  as  this  make  the  whole  year's 
issue   of  the  Journal  well   worth   its 
price.     On   page   118  the   authors   de- 
scribe a  system  of  using  two  types  of 
connections  for  the  purpose  of  shift- 
ing the  torque  field  from  one  of  the 
circuits  to  the  other.    They  say,  "This 
is  especially  advantageous  with  motors 
that  have  to  operate  over  a  large  range 
of  speed.     It  is  thus  quite  logical  to 
operate    a   motor    reverse    doubly    fed 
below   synchronous    speed,   stator    fed 
around  synchronous  speed,  and  doubly 
fed    over    synchronous    speed."      Can 
you  tell  me  whether  such  motors  have 
a  smooth  variation  in  speed  from  low- 
est to  highest,  and  if  so,  liow  this  is 
accomplished,    or    whether    there    are 
simply  three  steps — low,  medium  and 
high  speeds — depending  upon  the  con- 
nection? G.  O.  W.  (CAUF.) 
By  connecting  the  motor  to  the  trans- 
former   in    the    manner    shown    in    the 
article,  it  is  possible  to  make  the  transi- 
tion  from  reverse  doubly   fed  to  stator 
fed,  and  then  to  doubly  fed,  with  very 
smooth    variations    in    rotor    speed    and 
with  no  interruptions  in  the  power  sup- 
ply.    By  the  use  of  a  sufficient  number 
of    transformer    taps,    and    a    sufficient 
number    of    switches,    it    is    possible    to 
make  the  changes  in  speed  as  low  as  de- 
sired.    A  study  of  the  sketch  will  show 
the   feasibility  of   securing   any  number 
of  steps  on  each  of  the  three  motor  con- 
nections.    For  the  purpose  of  simplicity 
preventive  coils   (used  to  prevent  short- 
circuits    on   the   transformer    windings) 
have  been  omitted  from  the  diagram. 

R.  E.  H. 
1382 — Rewinding  Motors — I  have  read 
the  article  by  Mr.  A.  M.  Dudley  in  the 
Feb.,  1916  issue,  but  desire  to  ask  fur- 
ther about  a  motor  having  72  coils 
span  I — 13,  four  coils  connected  in 
series  to  one  pole  group.  This  motor, 
we  will  say,  is  a  six-pole  machine,  the 
synchronous  speed  being  1200  r.p.m. 
If  we  change  the  speed  of  this  motor 
frorn  1200  to  900  r.p.m.,  which  would 
require  an  eight-pole  machine,  these 
eoils  would  have  to  span  i — 10,  but 
with  the  present  coils  this  would  be 
too  great  a  span.  If  I  wish  to  recon- 
nect a  motor,  and  in  doing  so  should 
find  that  the  bottom  coil  in  a  slot  the 
current  goes  one  way,  and  in  the  top 
coil  it  goes  the  other  way,  I  should 
think  that  the  current  would  neutral- 
ize each  coil  when  they  are  not  going 
in  the  same  direction.  I  do  not  quite 
understand  the  connection  you  would 
have  to  make  in  each  pole  this  way. 
or  if  you  would  have  to  rewind  the 
motor  complete  with  different  pitch 
coils.  Also  explain  how  to  get  the 
pitch  of  a  pole  or  coil  this  way  in 
winding.  E.  m.  d.  (wash.) 


Assuming  the  conditions  given,  if  a 
machine  were  connected  as  in  Fig. 
1382(a)  and  developed  10  horse-power 
at  440  volts  and  si.x  poles,  and  if  it  be 
then  reconnected  for  eight  poles,  as  in 
Fig.  1382(b),  with  the  same  coil  throw, 
it  should  develop  about  7.5  horse-power 
with  286  volts  applied.  The  normal  volt- 
age changes  from  440  on  six  poles  to 
286  volts  on  eight  poles,  to  keep  the 
same  magnetic  density  in  the  iron  in  the 
teeth.  This  reduction  is  due  to  two 
factors : — First,  running  the  motor  at  a 
slower  speed  generates  less  counter  elec- 
tromotive force,  and  second,  the  coils 
have  a  different  throw  in  times  of  full 
pitch,  which  means  a  different  chord 
factor  or  voltage  factor,  as  explained  in 
the  article  referred  to  in  the  February 
Journal.     It  is  not  clear  just  w'hat  is 


FIG.  1382  (a)  and  (b) 

meant  by  currents  in  the  opposite  direc- 
tion in  the  same  slots.  Considering 
phase  A  alone  and  remembering  that 
alternate  polar  groups  are  connected  in 
the  opposite  direction  or  alternating 
north  or  south,  it  may  be  seen  that  the 
arrows  representing  current  directions  in 
slots  IS,  14,  15  and  16  in  Fig.  1382(a) 
and  slots  10,  11,  iz,  13,  14  and  is  in  Fig. 
1382(b)  are  all  in  the  same  direction. 
In  considering  the  other  phases  B  and  C 
also  in  connection  with  A  it  must  be  re- 
membered that  the  current  varies  not 
only  in  direction,  but  also  in  time,  so 
that  while  the  current  in  a  given  coil  in 
the  top  of  a  slot  might  be  in  phase  A 
and  seem  to  be  in  the  opposite  direction 
from  the  coil  in  the  bottom  as  the  slot 
in  phase  B,  as,  for  example,  slot  13  in 
Fig.  1382(b),  it  must  be  remembered 
that  the  current  may  be  rising  in  one 
and  falling  in  the  other,  so  that  the  mag- 
netic result  is  what  it  should  be.    a.  m.  d. 

1383 — Measuring  Starting  Torque — In 

considering  the  application  of  individ- 
ual motor  drive  to  machine  tools  at 
present  belt  driven  from  line  shafting 
it  is  proposed  to  operate  each  machine 
with  either  a  20,  10  or  5  horse-power, 
three-phase,  60  cycle,  220  volt  induc- 
tion motor,  taking  readings  of  kilo- 
watts,  amperes,  volts   and  speed,   and 


by  use  of  the  performance  curves  of 
each  motor  to  obtain  the  actual  power 
taken  by  each  machine,  together  with 
the  running  and  maximum  torque. 
Will  j'ou  please  advise  a  practical  and 
accurate  method  of  obtaining  the 
starting  torque  of  each  machine? 
Would  good  results  be  obtained  by 
fastening  a  rod  of  known  length  to 
the  countershaft  of  each  machine  and 
adding  weights  to  the  end  of  rod  until 
the  shaft  just  commenced  to  move? 

w.  P.  B.  (TENN.) 
The  method  described  is  the  one' gen- 
erally used  and  gives  good  results  when 
using  precautions  not  to  introduce  un- 
necessary bearing  friction  due  to  the 
added  weight  and  lever.  If  the  motor  is 
belted  or  geared  the  pounds  torque  re- 
quired for  starting  is  affected  by  the 
ratio  of  the  pulley  diameters  or  gears. 
If  the  motor  is  direct-connected  through 
coupling  the  starting  torque  required 
will  be  somewhat  less  than  if  geared  or 
belted,  due  to  the  elimination  of  the  side 
pull  on  the  bearings.  A.  m.d. 

1384 — Spark  Plug  Intensifier — In  the 
Electrical  World  of  May  6,  1916,  p. 
1063,  occurs  a  description  of  a  spark 
plug  intensifier  whidi  is  supposed  to 
produce  "hotter  explosions,"  at  the 
same  time  operating  as  an  indicator 
for  this  spark.  .As  this  adds  an  addi- 
tional spark  gap  to  the  circuit,  it  is  not 
clear  why  an  intensified  action  should 
be  secured,  although  I  have  been  in- 
formed by  others  that  this  is  the  fact. 
Can  the  reason  be  briefly  explained? 

o.  p.  L.  (VA.) 
If  the  spark  i)lug  in  the  engine  cylin- 
der is  clean  and  free  from  carbon,  a 
series  gap  in  the  high-tension  circuit 
causes  a  reduced  spark  action,  because 
the  amount  of  energy  in  the  spark  coil 
is  limited  to  a  definite  amount,  and  this 
energy  is  then  dissipated  in  two  gaps  in- 
stead of  one;  furthermore,  the  voltage 
may  not  be  sufficient  to  jump  both  gaps, 
in  which  case  no  spark  would  be  pro- 
duced. If,  however,  the  spark  plug  is 
sooty  or  carbonized,  it  may  happen  that 
the  leakage  path  over  the  dirty  surface 
of  the  spark  plug  will  short-circuit  so 
much  of  the  current  that  only  a  feeble 
spark  will  be  produced  at  the  plug.  In 
this  case  the  addition  of  a  series  gap  is 
often  an  advantage.  The  rise  of  volt- 
age in  the  secondary  is  not  absolutely  in- 
stantaneous, but  requires  a  small  frac- 
tion of  a  second  to  attain  its  maximum. 
The  interposition  of  a  series  gap  pre- 
vents the  voltage  from  jumping  the  main 
spark  plug  until  it  has  nearly  attained 
its  maximum  value,  thus  furnishing  a 
much  more  disruptive  discharge,  which 
will  pass  across  the  spark  plug  gap  in- 
stead of  leaking  over  a  carbonized  sur- 
face. The  reference  made  in  your  query 
evidently  deals  with  this  latter  condition, 
in  which  case  the  claims  it  makes  are 
true.  It  might  be  pointed  out  that  the 
best  remedy  for  a  carbonized  plug  is  to 
clean  the  plug.     If  the  plugs  persist  in 
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fouling  the  above  expedient  will  often 
be  an  advantage.  Most  automobile 
manufacturers  now  strive  to  equip  their 
cars  with  plugs  which  do  not  foul,  there- 
fore they  seldom  recommend  a  series 
gap.  H.  V.  s.  T. 

1385 — Motor  Operation — I  have  a  125 
horse-power  motor  direct  connected  to 
a  three-stage  centrifugal  pump.  What 
effect  upon  the  windings,  also  the 
operating  of  the  motor,  has  the  con- 
nection shown  below  in  diagram?  I 
realize  the  coils  in  phase  B  are  re- 
versed. The  motor  has  been  giving  no 
trouble  as  wound,  but  we  can  hear  an 
imsteady  hum  while  the  motor  is  run- 
ning, which  may  be  a  distress  signal, 
although  I  am  not  certain,  not  being 
as  familiar  with  motor  characteristics 
as  a  motor  engineer.  F.  L.  o.  (ark.) 

We  infer  that  this  winding  is  similar 
to  Fig.  I  on  page  86  of  the  Journal  for 
February,  1916.  If  it  is  and  is  connected 
up  according  to  Fig.  1385(a),  we  should 
expect  it  to  overheat  immediately,  even 
running  light,  because  the  phase  angle 
between  the  voltages  generated  in  the 
three  phases  is  60  degrees  instead  of  120 
degrees,  as  shown  in  Figs.  1385(b)  and 
(c).  We  judge,  however,  that  the  motor 
is  actually  operating  under  some  load. 
We  would  suggest  that  you  take  a  read- 
ing of  the  current   in   the  three   phases 


FIG.  1385  (a),  (b)  and  (c) 

and  see  how  much  they  are  unbalanced ; 
then  reconnect  the  B  phase  properly, 
using  the  end  that  is  now  on  the  star  for 
a  lead  and  the  present  lead  connected  to 
the  star  connection ;  then  take  a  reading 
of  the  current  in  the  three  phases  and 
see  if  it  balances  up  properly.  It  may 
be  your  transformer  connections  are 
also  abnormal  and  the  two  things  have  a 
tendency  to  correct  each  other.  We  be- 
lieve, however,  that  if  you  reconnect  the 
motor  as  suggested  above,  the  operation 
will  be  much  improved,  and  we  are 
greatly  surprised  that  the  motor  does 
not  overheat  with  its  present  connec- 
tion. In  a  norma!  machine  the  vectors 
representing  the  voltage  generated  in 
each  phase  by  the  rotating  field  are  120 
degrees  apart,  as  shown  in  Fig.  1385(b). 
In  the  machine  as  you  show  it  with  one 
phase  reversed  the  voltages  would  be  60 
degrees  apart,  as  shown  in  Fig.  1385(c), 
and  this  would  cause  serious  unbalanced 
currents  to  flow  in  the  rotor.  a.  m,  d. 

1386  —  Induction  Motor  Starting 
Torque — 1  have  a  50  horse-power 
induction  motor  that  I  have  built  over, 
putting  on  heavier  end  rings.  This 
takes  a  heavy  current  in  starting  and 
the  highest  voltage  taps  are  connected 
to  the  starting  coils.  I  wish  to  know 
if  I  should  wind  another  set  of  trans- 
former coils  of  the  same  size  wire  and 


bring  out  a  tap  closer  to  the  end  of  the 
coil,  say  a  90  percent  tap,  would  I  get 
a    stronger    starting   current,    or    if    I 
should  use  a  larger  wire  on  the  coil  ? 
E.  M.  D.  (wash.) 

In  general,  if  more  starting  torque  is 
required,  it  would  be  wrong  procedure 
to  put  on  a  ring  of  larger  cross  section 
having  the  same  conductivity,  since  this 
action  would  reduce  the  secondary  re- 
sistance, and  hence  probably  reduce  the 
starting  torque.  If  the  old  rings  gave 
trouble  due  to  heating,  and  it  was  nec- 
essary to  increase  the  section  for  me- 
chanical reasons,  a  brass  alloy  should  be 
used  having  a  higher  resistance  than  the 
original  metal,  thus  giving  at  the  same 
time  a  greater  mass  of  material  to  ab- 
sorb heat  and  a  higher  resistance  to  in- 
crease the  starting  torque  and  decrease 
the  starting  current.  If  the  amount  of 
starting  current  is  not  objectionable  the 
starting  voltage  may  be  increased  so 
long  as  the  motor  is  not  injured,  and  the 
starting  torque  will  increase  as  the 
square  of  the  applied  voltage.        a.  m.  d, 

1387 — Motors  in  Parallel — I  have  two 
30  horse-power,  230  volt,  series-wound, 
commutating-pole  motors  in  parallel 
on  a  charging  crane  bridge ;  they  will 
not  divide  the  load ;  one  motor  will 
take  on  starting  about  70  amperes  and 
fall  to  zero,  the  other  will  rise  to  180 
amperes ;  these  motors  are  on  each 
bridge  girder,  each  having  a  separate 
line  shaft ;  the  gearing  and  bearings 
are,  of  course,  alike.  I  have  operated 
other  motors  on  like  jobs  successfully, 
but  cannot  make  these  divide  the  load  ; 
I  have  tried  inserting  and  taking  out 
wire  to  each  motor,  and  equalizing  the 
conditions  as  far  as  size  and  length  of 
wire  to  each  motor.  I  am  sure  the 
trouble  is  that  the  resistance  is  unbal- 
anced, but  I  cannot  think  of  any 
scheme  sensitive  enough  to  adjust  it. 
Can  you  suggest  anything? 

c.  c.  m'i.  (ohio) 

It  is  understood  that  in  the  above  case 
the  two  armatures  are  rigidly  connected 
mechanically  through  gearing  or  by  the 
bridge  wheels  and  track.  The  difficulty 
mentioned  will  probably  be  found  to  be 
due  to  the  scheme  of  connections  or  an 
error  in  connecting  the  motors  or  con- 
troller. If  the  series  field  of  one  motor 
is  connected  in  series  with  the  armature 
of  the  other  motor,  and  vice  versa,  an 
unstable  condition  obtains  in  which  it 
will  be  impossible  to  secure  proper  load 
division.  If  an  equalizer  is  used  to  con- 
nect the  two  motors  at  points  between 
the  armature  and  fields  the  unstable  con- 
dition is  eliminated,  but  the  load  balance 
may  still  be  very  unsatisfactory;  there 
ma\'  be  enough  difference  between  the 
speed  characteristics  of  the  two  motors 
so  that  one  of  the  motors  will  carry  all 
the  load  and,  in  fact,  one  motor  may 
even  be  operating  as  a  generator  being 
driven  by  the  other  motor.  The  sim- 
plest order  of  connections  should  he  em- 
ployed, each  armature  connected  in 
series  with  its  own  series  field  and  no 
equalizer  connection  used.  The  series 
windings  should  preferably  be  both  on 
the  same  side  of  the  armatures,  i.  e., 
both  on  the  positive  or  both  on  the  nega- 
tive side,  and  on  the  ungrounded  side  of 
the  armatures  if  it  is  a  grounded  system. 
The  case  of  paralleling  series  motors  is 
much  easier  than  with  either  com- 
pound-wound or  shunt-wound  motors. 
If,  therefore,  the  connections  are  made 
as  outlined  above  there  should  be  no 
difficulty  in  obtaining  a  satisfactory  load 


balance.  It  is  seldom  that  two  motors 
will  exactly  divide  the  load,  because 
there  are  few  cases  in  which  the  speed 
curves  of  the  two  motors  will  exactly 
coincide.  However,  the  difference  ex- 
isting should  not  exceed  a  small  per- 
centage of  the  average  load.  The  bal- 
ance of  currents  can  always  be  improved 
by  slightly  shunting  the  field  of  that 
motor  which  tends  to  take  the  lighter 
load  (this  in  general  is  undesirable  un- 
less an  inductive  shunt  is  used)  ;  or  the 
improvement  may  be  obtained  by  insert- 
ing resistance  in  series  with  that  motor 
which  tends  to  take  the  heavier  load, — 
but  in  either  of  these  methods  the  cur- 
rents would  be  balanced  for  one  partic- 
ular load  setting  only,  and  as  the  load 
changes  the  exact  balance  would  prob- 
ably be  destroyed.  F.  a.  r. 

1388 — Starting  a   Rotary   Converter — 

One  of  our  substation  operators  had 
his  arm  and  hand  burned  when  pull- 
ing out  the  induction  motor  switch 
after  having  thrown  in  the  alter- 
nating-current machine  switch  and 
pulled  out  the  synchronizing  resist- 
ance switch.  This  starting  motor  is 
used  with  a  750  kw,  three-phase,  25 
cycle,  600  volt,  1250  ampere  rotary  con- 
verter. This  has  occurred  but  twice 
in  our  experience  with  this  750  kw 
rotary  and  with  one  of  our  500  kw 
rotaries.  H.F.  v.  (n.  Y.) 

With  a  four-pole  starting  motor  and  a 
six-pole  rotary  converter,  the  synchron- 
ous speed  of  the  converter  is  consider- 
ably below  the  normal  speed  of  the  in- 
duction motor.  Therefore,  once  the  con- 
verter is  synchronized,  and  the  main 
alternating-current  supply  line  switch 
closed,  whether  the  synchronizing  resist- 


FIG.  1388(a) 

ance  is  in  or  not,  the  same  current  A 
will  be  required  by  the  induction  motor 
as  long  as  the  converter  rotates  at  syn- 
chronous speed,  as  shown  in  Fig. 
1388(a).  It  is  this  current,  therefore, 
corresponding  to  the  speed  at  which  the 
induction  motor  is  made  to  run,  by  the 
rotary  being  locked  in  synchronism,  that 
causes  the  flash.  F.  D.  N. 

1389  —  Voltage    Fluctuations — The 

voltage  fluctuation  of  our  power  sys- 
tem is  very  great  and  we  have  in  oper- 
ation an  alternating-current  generator 
running  as  a  synchronous  condenser. 
This  machine  is  used  for  power-factor 
correction  only.  I  wish  to  know  that  if 
by  adding  a  comparatively  heavy  bal- 
ance wheel  to  this  condenser  whether 
or  not  the  voltage  regulation  of  the 
system  would  be  improved. 

W.  C.  (OKLA.) 

The  addition  of  a  flywheel  would  not 
affect  the  voltage  fluctuations  and  would 
tend  to  make  the  condenser  hunt.  One 
way  in  which  the  fluctuations  can  be  re- 
duced is  by  the  installation  of  an  auto- 
matic voltage  regulator  which  controls 
the  full  excitation  of  the  alternating- 
current  or  of  the  synchronous  con- 
denser. A.  A.  T 
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1390 — Reconnection — Referring  to  the 
article  in  the  February  number  by  Mr. 
A.  M.  Dudley  on  "Reconnecting  I"- 
duction  Motors,"  I  tried  to  apply  Fig. 
15  to  a  5  hp,  three-phase,  60  cycle, 
440  volt  motor.  The  stator  was  wound 
for  eight  poles  and  connected  in  series 
star.  I  wished  only  one  speed,  so  I 
just  reversed  alternate  pole  groups  in 
each  phase,  making  them  all  like  poles. 
The  motor  furnishes  no  torque  at  all 
at  440  volts,  the  rotor  coasting  either 
direction  from  a  start  by  hand  while 
the  stator  was  drawing  100  amperes. 
Does  this  only  apply  where  the  poles 
per  phase  have  a  spacing  of  90  me- 
chanical degrees  or  a  four-pole  wind- 
ing? c.  E.  H.  (nev.^da) 
The  trouble  here  is  due  to  not  revers- 
ing the  middle  phase  at  the  time  the  re- 
connection  was  made.  The  result  is  that 
there  is  now  a  60  degree  instead  of  a  120 


FIG.  1390(a) 

degree  relation.  The  number  of  poles  is 
not  given,  but  assuming  that  it  is  six.  the 
diagram  "before"  and  "after"  is  given 
in  Figs.  1390  (a)  and  (b).  It  will  be  seen 
that  the  B  phase  should  be  reversed  so 
that  the  end  that  was  on  the  star  point 
becomes  the  lead  in  the  reconnection  and 
vice  versa.  Attention  is  called  to  this 
fact  on  p.  87  of  the  article  referred  to,  in 
the  right-hand  column  near  the  bottom, 
beginning  "there  is  but  one  exception," 
etc.    According  to  this  statement,  if  the 


FIG.  1390(b) 

current  is  assumed  flowing  in  all  three 
leads  on  a  consequent  pole  connection 
the  arrows  on  the  groups  should  all  point 
in  the  same  direction,  as  shown  in  the  12 
pole  sketch,  Fig.  1390(b).  If  one  phase 
of    the    winding    as    reconnected    is    re- 


versed, as  shown,  the  motor  will  operate 
with  the  effect  of  having  — -— -  ^^   jm 

percent  normal  voltage  impressed  on  it, 
plus  whatever  overvoltage  is  caused  by 
the  fact  that  the  coil  throw  is  now  a 
different  percent  of  the  new  or  12  pole 
pitch,  as  described  under  chord  factor 
on  pp.  92  and  93,  and  also  in  the  exam- 
ple on  p.  97  of  the  article.  If  the  change 
in  chord  factor  adds  very  much  to  the 
15  percent  overvoltage  mentioned  the 
motor  may  overheat,  due  to  iron  loss,  as 
any  motor  would  with  20  percent  to  25 

percent   overvoltage.     The   factor 

0.86ft 
is  due  to  the  fact  that  the  coils  for  a 
12  pole  connection  are  spread  over  a  6 
pole  arc,  as  mentioned  on  p.  91  in  de- 
scribing Fig.  18.  A.  M.  D. 

1391 — Battery    Charging    Generator — 

We  have  a  small  generator  for  charg- 
ing storage  batteries  which  is  giving 
trouble  that  so  far  we  have  been  un- 
able to  locate.  The  machine  is  com- 
pound-wound, short  shunt  connected, 
bipolar,  volts  approximately  six,  am- 
peres appro.ximately  15.  It  does  not 
generate,  but  will  run  as  a  motor, 
though  it  develops  no  power  when 
doing  so.  Before  being  brought  to  us 
the  armature  had  been  rewound.  The 
brushes  were  not  on  the  neutral  point 
and,  as  they  are  stationary,  we  changed 
the  commutator  leads.  After  doing 
this  the  machine  would  run  as  a 
motor,  but  did  not  generate.  Chang- 
ing the  commutator  leads  in  the  other 
direction  simply  reversed  the  rotation. 
We  tried  to  magnetize  the  shunt  field, 
as  we  believed  it  to  have  its  residual 
magnetism,  but  without  effect.  The 
construction  of  the  machine  is  such 
that  we  cannot  give  it  separate  excita- 
tion while  it  is  running  without  mak- 
ing some  changes  in  the  wiring. 

J.  F.  B.  M.  (iND.) 
In  self-e.xcited,  low-voltage  gener- 
ators, trouble  in  getting  the  generator 
to  build  up  may  be  caused  by  high-con- 
tact resistance  of  brushes.  If  the  con- 
tact resistance  is  appreciable  it  may  pre- 
vent a  sufficiently  large  current  from 
flowing  in  the  field  windings  to  bring  the 
excitation  up  to  the  proper  value.  In 
such  cases  the  generator  may  be  made  to 
build  up  by  bringing  up  the  speed.  If 
the  generator  was  connected  across  the 
battery,  however,  the  trouble  would 
probably  not  be  caused  by  high-brush  re- 
sistance, as  the  battery  voltage  would 
supply  excitation.  There  is  also  a  pos- 
sibility that  the  field  circuit  may  be 
broken.  With  the  brushes  displaced 
from  neutral,  a  sufficiently  large  torque 
may  be  developed  to  run  the  machine  as 
a  motor  at  no  load,  the  field  being  ex- 
cited by  the  demagnetizing  ampere-turns 
of  the  armature.  The  torque  would  be 
too  weak,  however,  to  develop  any 
power  as  stated  in  the  question.  As  the 
armature  has  been  rewound,  it  is,  of 
course,  possible  that  wrong  connections 
have  been  made.  k.  l.  h. 

1392 — Building  Up  Voltage — A  1.5  kw 

generator  of  an  early  date  was  turned 
over  to  me  without  any  field  coils.  The 
armature  was  of  the  drum  type,  80 
volts,  HOC  r.p.m.,  shunt  wound,  direct 
current.  The  coils  were  rewound  with 
No.  19  B.  &  S.  wire.  Total  resistance 
of  both  coils  about  46  ohms,  175  am- 
peres, approximately  5500  ampere 
turns.  The  machine  refused  to  gen- 
erate. When  separately  excited  it 
would   maintain   voltage   satisfactorily 


and,  by  using  a  double-throw  switch 
and  throwing  the  switch  over  quickly 
so  that  potential  did  not  drop  below 
30  volts,  would  pick  up  and  maintain 
itself  satisfactorily ;  yet  under  no  cir- 
cumstances could  it  be  gotten  to  ex- 
cite itself  sufficiently  to  rise  over  five 
volts.  A.  R.  R.  (md.) 

A  self-exciting  generator  cannot  build  ' 
up  voltage  if  its  shunt  field  resistance  is 
higher  than  a  certain  critical  value.  This 
may  be  determined  graphically  by  draw- 
ing two  curves — the  no-load  saturation, 
and  the  field  characteristic,  or  the  rela- 
tion between  the  shunt  field  current  and 
shunt  voltage.  Typical  curves  of  this 
kind  are  shown  in  Fig.  1392(a).  The 
general  rule  may  be  stated  that  a  gen- 
erator may  be  self-excited  up  to  that 
voltage,  where  the  field  characteristic 
first  intersects  the  no-load  saturation 
curve.  Due  to  magnetic  peculiarities  in 
iron  at  low  densities,  some  saturation 
curves  have  a  slight  cusp  in  them,  espe- 
cially at  the  low-voltage  end.  A  typical 
saturation  curve  having  this  peculiarity 
is  shown  in  Fig.  1392(b).  If  the  field 
characteristic  B  is  in  position  shoVvn  it 
will  intersect  the  curve  at  two  points, 
C  and  D.     This  machine,  self-e.xciting, 
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FIGS.  1392  (a),  (b)  and  (c) 

may  build  up  voltage  only  to  the  point 
C,  but  if  separately  excited,  up  to  a 
point  somewhat  above  this  cusp,  it  may 
be  quickly  switched  over  to  self-excita- 
tion, and  will  continue  to  be  a  stable, 
self-excited  generator  up  to  the  point  D. 
If  this  is  the  trouble  in  this  case  it  may 
possibly  be  remedied  by  changing  the 
slope  of  the  field  characteristic,  as  at  E. 
so  that  it  will  not  intersect  the  satura- 
tion curve  at  any  low  point.  It  is  sug- 
gested that  the  shunt  field  coils  be  con- 
nected in  two  parallels.  They  will  re- 
quire the  use  of  a  rheostat  in  the  shunt 
field  circuit,  which  should  be  cut  out 
during  starting.  By  the  use  of  a 
D.P.D.T.  switch,  as  shown  in  Fig. 
1392(c),  the  fields  ma}'  be  paralleled  at 
starting  and  thrown  in  series  for  run- 
ning, thus  eliminating  a  rheostat.      F.  T.  H. 


CORRECTIONS 
In  the  Journal  for  June,  '16,  p. 


316, 


Table  I,  last  column,  first  line,  the  num- 
ber "21.0"  should  read  "31.0." 

On  p.  389,  Aug.,  '16,  the  first  formula 
in  the  second  paragraph  should  read 

Surface  =z-  (3  DL  +  D') 
2 
In    the    third    paragraph    the    second 
equation  should  read 

In  the  answer  to  No.  1358,  section  (b), 
"ratio  of  stream  diameter  to  wheel  diam- 
eter" should  read  "ratio  of  wheel  diam- 
eter to  stream  diameter."  In  the  third 
line  of  section  (c)  "impulse"  should 
read  "reaction." 
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GROWING  IN  EARNING  POWER 

Figures  from  the  electric  light  and 
power  companies  of  the  country  for  the 
opening  months  of  the  second  half  of 
the  year  indicate  that  the  revenues  of 
these  companies  will  be  larger  and  show 
greater  gains  than  did  the  first  half  of 
the  year.  In  the  first  half  these  com- 
panies broke  all  former  records  both  in 
total  revenues  and  increases  of  earnings 
and  output,  and  the  reports  now  coming 
in  show  most  clearly  that  the  last  six 
months  of  1916  will  be  greater  in  earn- 
ing power  for  the  central  station  com- 
panies than  the  first  six  months.  One 
of  the  favorable  features  of  the  year  in 
the  field  of  electric  utility  corporations 
is  the  much  better  earnings  being  shown 
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by  the  electric  railways.  These  compa- 
nies are  now  getting  back  into  a  better 
revenue-producing  position,  and  for  the 
first  half  of  1916  there  was  an  average 
gain  of  over  8  percent  in  gross  and  of 
over  12  percent  in  net.  Figures  so  far 
received  for  the  first  months  of  the  sec- 
ond half  of  the  year  indicate  that  reve- 
nues are  now  growing  at  more  than  9.5 
percent  in  gross  and  more  than  17  per- 
cent in  net. 

The  central  station  companies  are 
showing  much  larger  increases  than  the 
electric  railway  companies,  and  for  the 
first  months  of  the  second  half  of  1916 
revenues  have  been  increasing  at  an 
average  rate  of  close  to  20  percent,  with 
some  companies  going  much  higher  than 
this.  Reports  show  that  the  domestic  and 
commercial  lighting  business  is  running 
above  the  normal  increase,  while  the 
power  business  is  taxing  the  facilities  of 
the  companies.  The  growth  of  the  elec- 
tric power  business  in  the  last  18  months 
has  been  the  greatest  in  the  history  of 
the  industry.  The  tremendous  demand 
made  on  the  manufacturing  facilities  of 
the  country  gave  the  central  station 
companies  an  opportunity  they  had  long 
been  awaiting.  Previous  to  that  time  the 
companies  had  had  much  difficulty  in 
securing  the  adoption  of  central  station 
power  by  the  large  industrial  corpora- 
tions of  the  country.  Many  of  these  had 
their  steam  power  plants  and  would  not 
listen  to  the  displacement  of  these  by 
central  station  power.  Here  and  there 
a  companj'  adopted  electric  power,  but 
progress  was  slow. 

Mr.  Samuel  Insull,  of  the  Common- 
wealth Edison  Company,  probably  made 
greater  progress  along  the  line  of  selling 
industrial  power  than  any  other  central 
station  manager  or  company,  but  even 
there  it  was  only  slowly  that  existing  in- 
dustrial power  plants  were  being  dis- 
placed for  the  central  station  energy. 
About  18  months  ago,  when  the  great 
demand  on  the  industrial  plants  of  the 
country  began  to  reach  its  height,  there 
was  a  change.  The  industrial  plants 
found  that  if  they  were  to  take  advan- 
tage of  the  large  amount  of  new  busi- 
ness offering  they  would  have  to  in- 
crease manufacturing  facilities,  and  this, 
of  course,  meant  enlarging  their  power 
facilities.  To  add  to  their  steam  power 
plants  would  take  a  long  period  of  time, 
and  in  addition  they  soon  found  that  tlie 
boiler  and  engine  manufacturers  were 
just  as  busy  as  they  were  and  that  it 
would  require  months  to  secure  the  fill- 
ing of  orders  for  additional  power  equip- 
ment. In  their  extremity  they  turned  to 
the  central  stations  and  asked  them  to 
help  out  by  furnishing  the  power.  It 
did  not  take  long  to  run  a  transmission 
line  to  an  industrial  plant  and  a  long 
period  was  not  required  to  install  the 
motors.  As  a  result  central  station  en- 
ergy became  popular  almost  at  once  with 
the  manufacturers,  and  the  call  for 
motors  was  so  great  that  the  manufac- 
turing facilities  of  the  electric  compa- 
nies were  overtaxed.  Today  in  almost 
every  manufacturing  center  of  the  coun- 
try the  central  station  company  is  now 
delivering  all  its  available  energy  to  in- 
dustrial establishments  and  could  largely 
increase  its  load  could  it  secure  addi- 
tional    generating    machinery,    but    the 


manufacturers  of   generating  equipment 
are  now  also  far  behind  in  orders. 

One  central  station  company  located 
in  an  industrial  district  began  last  fall 
to  double  its  generating  capacity  and 
completed  the  additions  this  spring.  It 
is  now  in  the  market  for  a  20  000  horse- 
power generator  to  add  to  its  station, 
which  is  already  overloaded.  Another 
central  station  company  is  reporting  an 
increase  of  50  percent  in  output  of  its 
stations  over  a  year  ago  and,  as  it  can- 
not secure  additional  generating  equip- 
ment at  present,  is  building  a  transmis- 
sion line  to  make  connection  with  an 
hydroelectric  plant  from  which  it  will 
secure  energy  to  tide  it  over  until  it  can 
enlarge  its  own  plants.    The  manager  of 
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a  central  station  company  in  a  central 
western  city,  who  has  been  endeavoring 
to  place  an  order  for  rapid  delivery  of 
additional  generating  equipment,  states 
that  there  is  40000  horse-power  of  new 
industrial  business  waiting  until  he  can 
have  available  the  additional  generating 
capacity  to  make  it  safe  to  attach  this 
business  to  his  lines.  Another  central 
station  company  began  construction  last 
winter  of  a  60  000  kilowatt  station  and 
within  three  months  had  decided  to  in- 
crease it  to  90  000  kilowatts,  and  the 
board  of  directors  is  already  making 
plans  to  add  a  fourth  30000  kilowatt 
unit,  although  the  station  will  not  be 
delivering  its  first  current  until  after  the 
first  of  the  year. 

These  examples  of  the  great  demand 
which  has  been  made,  and  is  being  made, 
on  the  central  station  companies  of  the 
country  could  be  continued  at  length,  but 
these  few  are  sufficient  to  show  why  the 
output  of  the  central  stations  of  the 
country  is  averaging  more  than  25  per- 
cent above  that  of  a  year  ago.  The  elec- 
tric steel  industry  is  taking  a  large 
amount  of  current,  and  one  hydroelec- 
tric station  in  the  south  is  now  doubling 
its  capacity  to  supply  energy  to  a  large 
plant  which  is  putting  in  three  electric 
furnaces  for  steel  making  and  planning 
to  increase  this  number  to  ten  furnaces 
in  the  near  future.  This  wonderful 
growth  in  earning  power  has  been  hav- 
ing its  effect  on  the  securities  of  the 
central  station  companies,  and  many  of 
them  in  the  last  few  months  have 
reached  new  high  records  in  price.     In 


IRedmond&Co. 


33  Pine  St. 


New  York 


Investment  Securities 

Have  constantly  on  hand  Se- 
curities suitable  for  the  require- 
ments of  various  classes  of  in- 
vestors. 

Furnish  expert  advice  to 
clients  regarding  Investments. 
As  members  of  the  New  York 
Stock  Exchange,  buy  and  sell 
Securities  on  Commission.  Act 
as  Fiscal  Agents  for  Corpora- 
tions. 

Correspondents  of 

London  &  South  Western  Bank,  Ltd. 

Jordaan  &  Cie,  Paris 

Russo-Asiatic  Bank,  Hong-Kong 


the  bond  market  the  bonds  of  these  com- 
panies have  been  growing  rapidly  in 
favor  and  the  large  bond  houses  are 
now  eager  bidders  for  issues  of  central 
station  bonds.  The  prices  of  these 
bonds  on  an  average  are  materially 
higher  than  a  year  ago,  although  other 
classes  of  bonds  are  in  some  instances 
selling  at  lower  prices,  and  in  others 
have  advanced  but  slightly.  The  large 
gain  in  earning  power  has  so  increased 
the  margin  of  safety  on  central  station 
bonds  as  a  class  that  they  now  occupy 
almost  a  unique  position  in  the  market. 
For  a  time  there  was  a  fear  that  these 
large  earnings  would  not  continue,  but 
that  they  would  recede  with  a  decline  in 
the  industrial  activity  of  the  country, 
but  the  officials  of  central  station  com- 
panies have  convinced  bankers  that,  in- 
stead of  decreasing  at  any  tinie,  this 
earning  power  will  continue  to  increase 
indefinitely. 

The  great  diversity  of  industrial  busi- 
ness being  taken  by  the  companies  and 
the  large  gains  in  earnings  from  domes- 
tic and  commercial  light  and  power 
sources  make  certain  that,  while  the  ra'? 
of  increase  may  decline,  the  actual  cash 
earnings  certainly  will  continue  to  show 
gains  over  a  long  period  yet  to  come. 
The  companies  have  a  firm  foundation 
in  their  domestic  and  commercial  busi- 
ness and,  with  the  growing  power  busi- 
ness added  to  this,  there  is  no  class  of 
corporations  in  the  country  with  greater 
possibilities  from  a  revenue-producing 
viewpoint  over  a  long  period  of  years. 
The  stocks  of  a  large  number  of  these 
companies  have  shown  a  large  enhance- 
ment in  market  price  over  the  last  year. 
Cities  Service  common  and  preferred, 
Columbia  Gas  &  Electric  Company  stock, 
Northern  States  Power  Company  com- 
mon and  preferred.  Standard  Gas  & 
Electric  preferred  and  common.  South- 
ern California  Edison  common  and  pre- 
ferred. Pacific  Gas  &  Electric  common 
and  preferred,  and  many  others  have  ad- 
vanced anywhere  from  five  to  one  hun- 
dred dollars  a  share  in  the  last  year. 

To  the  man  who  believes  in  the  future 
of  the  central  station  industry  of  the 
country,  and  no  man  who  has  made  any 
study  "of  its  possibilities  can  fail  to  be- 
lieve' in  it,  there  can  be  no  better  invest- 
ment than  a  deversified  purchase  of  the 
bonds  and  stocks  of  these  electric  light 
and  power  companies.  There  are  a  num- 
ber of  these  stocks  which  are  yet  selling 
at  a  low  price  and  which  have  just  as 
great  possibilities  of  enhancement  in 
market  value  as  those  which  have  been 
named.  By  judicious  purchases  a  diver- 
sity of  location  of  issuing  companies 
may  be  secured  which  will  insure  against 
the  future,  as  it  is  impossible  that  there 
will  ever  be  a  situation  arise  which  will 
affect  the  earnings  of  all  the  companies 
of  the  country.  By  the  purchase  of  the 
securities  of  the  well-managed  and  well- 
financed  electric  light  and  power  holding 
companies,  this  diversity  may  be  ob- 
tained while  holding  the  securities  of 
but  one  company,  and  this  plan  probably 
would  be  better  for  the  average  investor. 
The  holding  company  securities  have  the 
broader  market  and,  where  the  operated 
properties  have  been  properly  selected,  a 
diversity  of  location  is  secured  which 
can  be  obtained  in  no  other  way. 


INCREASE  IN  ELECTRIC  RAIL- 
WAY REVENUES 

Statistics  gathered  by  the  American- 
Electric  Railway  Association  from  the 
electric  railways  of  the  country  for  the 
first  si.x  months  of  1916  indicated  a  no- 
ticeable improvement  in  the  revenues  of 
these  companies  compared  with  the  first 
six  months  of  1915.  Data  for  the  first 
half  of  1916  indicated  an  average  in- 
crease in  operating  revenues  of  8.08  per- 
cent, in  operating  expenses  of  5.68  per- 
cent, and  in  net  operating  revenues  of 
12.10  percent.  The  figures  also  showed 
an  average  increase  in  taxes  of  6.58  per- 
cent and  in  total  income  of  13.09  per- 
cent. The  number  of  revenue  and  trans- 
fer passengers  carried  by  the  compa- 
nies made  an  average  gain  of  7.21  per- 
cent, while  the  revenue  car  mileage  in- 
creased 3.32  percent.  Electric  railways 
in  the  eastern  district  of  the  country 
showed  an  average  gain  of  9.61  percent 
in  operating  revenues,  of  6.78  percent  in 
operating  expenses  and  of  14.23  percent 
in  net,  while  taxes  increased  an  average 
of  7.01  percent,  and  total  income  15.78 
percent. 

In  the  southern  district  operating 
revenues  made  an  average  gain  of  7.18 
percent,  operating  expenses  of  1.83  per- 
cent and  net  of  15.82  percent,  with  an 
average  increase  in  taxes  of  9.52  percent 
and  in  total  income  of  12.53  percent.  The 
western  district  showed  an  average  gain 
of  3-97  percent  in  operating  revenue,  of 
3.45  percent  in  operating  expenses  and 
of  494  percent  in  net. 
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Circulars  describing  these 
issues  serjt    upon    request 
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AMERICA'S   ELECTRICAL   WEEK 

Every  central  station,  manufacturer, 
jobber,  contractor  and  dealer  is  continu- 
ally working  for  more  customers,  which 
is  another  way  of  saj-ing  producing 
more  sales  and  thus  earning  more 
profits.  "More  Customers,  More  Sales, 
More  Profits"  is  the  title  of  a  new  book 
just  from  the  "America's  Electrical 
Week"  headquarters.  This  book  is  an 
important  contribution  to  the  industry 
and  presents  new  sales  ideas  and  sug- 
gestions. The  information  given  has 
been  gleaned  from  the  work  of  men  in 
California,  in  Florida,  in  Maine,  in  Indi- 
ana, from  men  in  every  section  of  the 
United  States,  men  who  have  faced 
many  and  varied  sales  problems  and 
solved  them  successfully. 

It  tells  of  the  budget  of  printed  mat- 
ter that  will  be  used  for  "America's 
Electrical  Week" — the  6  coo  coo  pieces 
of  printed  matter,  the  3  ooo  ooo  poster 
stamps,  the  2  000  000  circulars  that  will 
be  distributed,  the  car  cards,  the  store 
signs,  pennants  and  eight-sheet  posters. 
Besides  all  this,  four  of  the  largest  and 
most  influential  magazines  in  the  coun- 
try will  publish  special  issues  for 
"America's  Electrical  Week,"  telling  the 
people  what  electricity  will  do  and  how 
to  do  things  electrically.  How  many 
millions  will  see  these  evidences  of  ac- 
tivity can  only  be  guessed ;  that  practi- 
cally every  household  in  the  United 
States  will  be  reached  several  times  can- 
not be  questioned. 

Co-operation  of  the  various  interests 
is  first  discussed  :  Work  together.  Work 
all  the  time.  Preach  the  gospel  that 
"America's  Electrical  Week"  is  not 
merely  for  the  electrical  industry.  It  is 
everybody's  week.  Everybody  benefits 
by  electricity.  Everybody  should  cele- 
brate. The  plans  are  built  on  the  suc- 
cesses of  last  year.  Read  "The  Story  of 
the  Week"  for  your  inspiration ;  then  co- 
operate. It  is  not  telling  the  people 
once  about  "America's  Electrical  Week," 
but  hundreds  of  times,  that  wins  their 
enthusiasm   and,   therefore,   sales. 

The  book  tells  how  to  do  missionary 
work.  The  advance  publicity  that  has 
been  done  makes  this  work  easy  and 
the  results  sure.  Manufacturers,  repre- 
sentatives, agents  and  all  those  elec- 
trical men  traveling  from  place  to  place 
are  the  "advance  agents"  of  the  week. 
They  can  help  by  co-operating  and  doing 
missionary  work,  arouse  boundless  en- 
thusiasm by  carrying  ideas  from  one 
place  to  another.  Optimism  about 
"America's  Electrical  Week"  now,  in  the 
preliminary  stages  of  the  campaign,  is 
what  is  needed. 

Following  the  outline  of  what  every- 
body can  do  to  help  make  the  week  a 
grand  success,  a  section  of  the  book  is 
devoted  to  what  central  stations  can  do 
to  i>rofit  from  "America's  Electrical 
Week."  Almost  regardless  of  what  may 
be  accomplished  by  others  in  the  elec- 
trical industry,  the  central  station  re- 
ceives its  share.  Therefore  central  sta- 
tions should  make  sure  that  the  entire 
local  electrical  fraternity  is  enthused 
and  working.  Chambers  of  commerce, 
boards  of  trade,  Jovians,  civic  and  fra- 
ternal associations  and  public  officials 
should  be  urged  to  participate   actively. 

This  is  a  good  time  to  urge  the  selec- 
tion of  a  slogan  for  your  city,  to  pro- 
mote white  way  lighting  and  improved 
street  illumination,  and  merchants  will 
want  special  lighting  effects  and  dis- 
plays. Patriotism  is  running  high  and 
flashing  flags  should  be  in  demand.   Pub- 


lic buildings,  statues  and  points  of  in- 
terest can  be  flood  lighted. 

Central  stations  can  make  excellent 
use  of  the  special  publicity  material 
which  is  being  issued.  The  official 
poster  is  especially  attractive  and  can  be 
used  with  telling  effect.  How  to  use 
form  letters,  demonstrations,  plans  for 
window  displays,  suggestions  for  news- 
paper and  street  car  advertising  and  con- 
tests are  given  in  this  book.  Electric 
shows  and  special  days  during  the  week 
are  mentioned  and  plans  suggested. 

The  third  section  is  devoted  to  what 
electrical  dealers  and  contractors  can  do 
to  cash  in  on  "America's  Electrical 
Week."  The  opportunity  is  most  pro- 
pitious because  of  the  extreme  activity 
of  the  other  branches  of  the  electrical 
industry,  and  it  only  needs  a  similar 
activity  for  the  dealers  and  contractors 
to  get  their  share.  First,  they  should 
co-operate  with  the  other  interests  and 
get  in  touch  with  the  local  committee 
having  the  plans  for  the  week  in  charge. 
Only  by  co-operation  can  each  interest, 
at  least  expense,  get  its  full  share  of 
the  increased  business  that  will  be  de- 
veloped. Attend  the  joint  meetings  of 
the  electrical  interests  in  your  town  and 
work  with  the  others. 

The  Society  for  Electrical  Develop- 
ment outlines,  in  this  book,  the  assist- 
ance it  is  prepared  to  give  dealers  and 
contractors ;  window  displays,  for  their 
own  use  and  to  be  sold  to  merchants, 
form  letters  to  prospective  customers, 
store  displays  and  demonstrations,  and 
special  work  to  turn  the  Christmas  buy- 
ing that  begins  at  the  time  of  the  week 
toward  electrical  devices.  The  advertis- 
ing value  of  electric  light  must  not  be 
overlooked.  A  campaign  for  electric 
flashing  flags  is  suggested. 

Plans  for  enthusing  employes  are 
given.  There  is  something  that  each  one 
can  do  to  help  make  this  week  the  most 
memorable  event  in  the  industrial  life 
of  America,  as  well  as  the  greatest  busi- 
ness booster  that  the  electrical  indus- 
try has  ever  seen.  Mr.  Dealer  and  Mr. 
Contractor,  this  is  your  week,  your 
opportunity  to  cash  in  not  only  on  the 
work  you  do,  but  on  the  work  that 
thousands  of  other  electrical  Americans 
will  do. 

Many  of  the  suggestions  for  the  cen- 
tral stations  and  dealers  and  contractors 
are  also  applicable  to  the  manufacturer 
and  jobber.  Nevertheless,  the  last  sec- 
tion of  the  book  is  devoted  to  the  work 
tliat  these  interests  may  do  to  cash  in 
on  "America's  Electrical  Week."  Atten- 
tion is  called  to  the  fact  that  the  week 
is  the  contact  point  between  the  two 
poles  of  distribution — selling  and  adver- 
tising. 

Manufacturers  and  jobbers  must  sell 
the  week  to  their  salesmen  and  to  their 
advertising  departments.  The  official 
poster  shows  Aladdin  pressing  the  but- 
ton instead  of  rubbing  the  lamp.  This 
is  the  modern  way,  replacing  the  ancient. 
"America's  Electrical  Week"  has  been 
instituted  to  increase  sales  and  enthuse 
salesmen  ;  it  is  the  peak  of  the  selling 
curve,  the  modern  way  of  stimulating 
sales  and  brings  prosperity  beyond  the 
fondest   dreams. 

The  entire  electrical  industry  will  find 
this  latest  publication  of  the  Society  for 
Electrical  Development,  United  Engi- 
neering Societies  Building,  New  York 
City,  instructive  and  an  inspiring  help 
especially  during  the  campaign  of 
"America's  Electrical  Week,"  but  also 
throughout  the  coming  year. 


PERSONALS 

Mr.  B.  D.  Gray  has  been  elected  presi- 
dent of  the  Hess-Bright  Manufacturing 
Company,  Philadelphia,  succeeding  Mr. 
F.  E.  Bright,  who  remains  as  chairman 
of  the  board  of  directors. 


Mr.  W.  J.  Ballentine,  formerly  gen- 
eral superintendent  of  the  Indianapolis 
works  of  the  Link  Belt  Company,  has 
been  appointed  manager  of  the  Chain 
Belt  Company,  Milwaukee. 

Prof.  E.  A.  Fessenden,  associate  pro- 
fessor of  mechanical  engineering  in  the 
University  of  Missouri,  has  been  elected 
head  of  the  department  of  mechanical 
engineering  of  the  Pennsylvania  State 
College. 


Mr.  Ernest  Alschuler,  western  man- 
ager of  the  Interstate  Electric  Novelty 
Company,  Chicago  office,  has  resigned  to 
accept  the  appointment  of  sales  manager 
of  the  American  Carbon  &  Battery  Com- 
pany, East  St.  Louis,  Mo. 


Mr.  J.  S.  Kennedy,  of  the  Edison  Elec- 
tric Illuminating  Company  of  Boston, 
has  resigned  to  take  charge  of  electrical 
sales  of  Landers,  Frary  &  Clark,  New 
Britain,  Conn. 


Mr.  H.  O.  Swoboda,  consulting  engi- 
neer, Pittsburgh,  Pa.,  has  been  appointed 
consulting  engineer  for  the  Pittsburgh  & 
Butler  Railway  Company  to  take  care  of 
its  interests  in  connection  with  its  agree- 
ments with  the  West  Penn  Power  Com- 
pany, Pittsburgh,  Pa. 


Mr.  Ford  W.  Harris,  formerly  engi- 
neer in  charge  of  design  of  circuit 
breakers,  switches  and  fuses  for  the 
Westinghouse  Electric  &  Mfg.  Company, 
was  on  October  5  admitted  to  practice 
law  in  the  courts  of  California.  Mr. 
Harris  is  specializing  in  patent  law  and 
trade-mark  causes. 


Mr.  James  G.  Wray,  chief  engineer  of 
the  Central  Group,  Bell  Telephone  Com- 
panies, has  resigned  to  become  associated 
with  Hagenah  &  Erickson,  public  utility 
engineers.  First  National  Bank  building, 
Chicago,  and  will  specialize  on  ap- 
praisals, cost  analyses  and  rate  investi- 
gations. 


Mr.  L.  Whiting,  of  the  Detroit  office 
of  the  Westinghouse  Electric  &  Mfg. 
Company,  has  been  appointed  manager 
of  the  supply  department  for  the  Detroit 
district. 


Mr.  J.  H.  Bryan,  industrial  and  power 
department  of  the  Westinghouse  Elec- 
tric &  Manufacturing  Companj',  East 
Pittsburgh,  Pa.,  has  resigned  to  enter 
the  business  department  of  Simmons- 
Boardman  Publishing  Company,  with 
headquarters  in  the  Woolworth  building, 
New  York  City. 


The  Southern  Public  Utilities  Maga- 
zine for  September  reprints  by  permis- 
sion the  article  by  Mr.  W.  A.  McKay, 
entitled  "Development  and  Use  of 
Mazda  C  Lamps,"  which  appeared  in  the 
JouRNAi,  for  June. 


The  Telephone  Engineer  for  October 
reprints  from  the  September  issue  of  the 
Journal  the  editorial  by  Mr.  C.  R. 
Dooley,  entitled  "The  Constructive  An- 
alyst." 
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Arc  Lamp  Tests  under 
Actual  Service  Conditions 

These  tests  are  especially  valuable  as  they  dis- 
close such  defects  as  may  be  expected  to 
develop  only  through  actual  use  and  which 
would  not  be  detected  by  an  indoor  operation 

Electrical  Testing  Laboratories, 

80th  St.  and  East  End  Ave.         New  York,  N.  Y. 


Are  You  Interested 


In  perfect  lubrication  at  mini- 
mum cost,  with  freedom  from 
hot  bearings,  failures,  delays 
and  shut-downs? 

Use  Galena  Oils 

Recognized   as   the   Best  for 
over   forty   years 


GALENA  SIGNAL  OIL  CO. 

FRANKLIN,  PA. 


Mr. 


PERSONALS 
W.   C.   Callaghan,   superintendent 


of  the  Helena  Light  &  Railway  Com- 
pany, at  Helena,  Mont.,  has  resigned  to 
become  general  manager  of  the  J.  G. 
White  Management  Corporation. 


Mr.  Arthur  J.  Hanzlik,  mechanical  en- 
gineer of  the  De  Laval  Steam  Turbine 
Company,  Trenton,  N.  J.,  has  resigned 
to  accept  the  position  of  consulting  en- 
gineer of  the  Kerr  Turbine  Company, 
Wellsville,  N.  Y. 


Mr.  H.  L.  Lautenschlaeger  has  been 
appointed  head  of  the  material-follow- 
ing division  of  the  purchasing  depart- 
ment of  the  Westinghouse  Electric  & 
Mfg.  Company,  East  Pittsburgh,  Pa. 


Mr.  Lucien  Barnes,  export  manager  of 
the  Westinghouse  Electric  &  Mfg.  Com- 
pany, New  York,  has  resigned  to  be- 
come purchasing  agent  of  R.  Martins  & 
Co.,  24  State  street,  New  York  City. 
This  company  does  a  large  machinery 
export  business  with  Russia  and  other 
European  countries. 


Mr.  Reginald  Arndt,  sales  engineer 
for  the  American  Carbon  &  Battery 
Company,  East  St.  Louis,  111.,  has  re- 
signed to  accept  a  position  with  the  Cen- 
tral Union  Telephone  Company,  Colum- 
bus, O.  Mr.  Arndt  graduated  from  Ohio 
State  University  in  1913  and  then  be- 
came equipment  -  specification  engineer 
in  the  general  engineering  department  of 
the  Southwestern  Bell  Telephone  Sys- 
tem, St.  Louis,  Mo. 


Mr.  R.  H.  Rigg,  of  the  supply  depart- 
ment of  the  Westinghouse  Electric  & 
Mfg.  Company,  East  Pittsburgh,  Pa., 
has  been  transferred  to  the  St.  Louis 
district  office  of  the  company. 


Mr.  William  M.  Tomkins  has  been 
made  Philadelphia  representative  of  the 
Ward  Leonard  Electric  Company,  of 
Mount  Vernon,  N.  Y. ;  address,  4813 
Haverford  avenue,  Philadelphia,  Pa. 
Mr.  Tomkins'  broad  experience  in  the 
electrical  field  and  his  particular  knowl- 
edge of  dynamo-controlling  devices  puts 
the  trade  in  a  good  position  to  receive 
expert  information  on  these  subjects. 


Mr.  W.  R.  McGovern  has  been  ap- 
pointed chief  engineer  of  the  Central 
Group,  Bell  Telephone  Companies,  to 
succeed  Mr.  James  G.  Wray.  Mr.  Mc- 
Govern was  formerly  chief  engineer  of 
the  Wisconsin  Telephone  Company  and 
state  engineer  for  the  Chicago  Tele- 
phone Company. 


TRADE  NOTES 


The  Spray  Engineering  Company,  93 
Federal  street,  Boston,  Mass.,  issued  a 
new  circular  on  their  "Spraco"  Paint 
Gun.  This  is  a  hand  tool  for  use  in  ap- 
plying all  kinds  of  liquid  coatings.  Tlie 
equipment  consists  of  the  paint  gun 
proper  connected  by  a  flexible  hose  to  a 
portable  unit  combining  the  material 
container,  air  dryer  and  strainer,  pres- 
sure control  attachment  and  pressure 
gauge.  This  equipment  may  be  used  for 
spraying  the  highest  grade  of  varnishes 
and  lacquers,  as  well  as  heavy  asphaltum 
and  structural  paints. 


Jolui  A.  Roebling  &  Sons  Company 
has  issued  its  fourth  number  of  a  series 
of  publications,  entitled  "Roebling's 
Wire  Rope."  The  present  one  includes 
wire  rope  practice,  wire  rope  efficiency, 
etc.  Copies  may  be  obtained  by  address- 
ing the  company  at  Trenton,  N.  J. 


NEW  BOOKS 


"Applied  Electricity  for  Practical  Men" 
— Arthur  J.  Rowland.  375  pages,  327 
illustrations.  Published  by  McGraw- 
Hill  Book  Company,  New  York  City. 
Price  $2.00. 

A  number  of  books  have  been  pub- 
lished on  electrical  subjects  which  do 
not  demand  of  the  reader  any  consider- 
able acquaintanceship  with  mathematics 
and  science.  They  have  been  mostly  of 
two  types : — One  covering  the  whole 
range  from  electrostatics  through  cur- 
rent electricity  to  wireless  telegraphy, 
with  resulting  superficiality.  Tlie  other 
deals  almost  wholly  with  principles,  but 
does  not  go  to  any  considerable  extent 
into  the  application  of  practical  appa- 
ratus. The  present  work  is  designed  for 
men  who  expect  to  make  direct  applica- 
tion of  the  principles  needed  in  the  class- 
room for  their  detailed  work  with  com- 
mercial circuits  and  machinery.  It  does 
not  take  up  problems  of  apparatus  de- 
sign, and  power  theory  is  avoided.  The 
principles  stated  are  such  as  are  nec- 
essary to  present  the  essential  ele- 
ments, but  can  be  elaborated  by  the  in- 
structor, as  it  may  seem  desirable.  The 
book  is  intended  especially  for  those  in 
trade  and  industrial  schools  and  in- 
cludes numerous  problems  for  class- 
room work. 
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Electricitv        ^^^  unprecedented  growth  of  manu- 

-.       .         facturing  of  all  sorts  during  the  past 

eighteen  months  has  been  accompanied 

rroduction      j^^,  ^^  equally  great  increase  in  metal 

production  throughout  the  United  States,  which  in  turn 

has  been  attended  with  a  corresponding  increase  in  the 

use  of  electricity  for  operations  incident  to  the  mining, 

milling  and  smelting  of  the  ores  from  which  the  metals 

are  obtained.     Never  before  have  so  many  horse-power 

of  electrical  energy  been  used  for  the  production  of  both 

base  and  rare  metals. 

The  increased  demand  for  metal  has  influenced  the 
electrification  of  the  mining  industry  in  a  number  of 
ways.  It  has  been  used  to  increase  the  capacity  of  exist- 
ing plants  by  speeding  up  production.  It  has  been  used 
in  the  development  of  new  plants  on  account  of  its 
economy  and  convenience.  It  has  permitted  large  sav- 
ings in  the  operation  of  old  plants,  and  has  made  possi- 
ble the  introduction  of  new  processes  of  concentration, 
deposition  and  refining,  which  would  not  be  operative 
with  any  other  form  of  power.  Furthermore,  it  has 
made  possible  the  exploitation  of  large  bodies  of  ore 
whose  grade  was  so  low  that  they  could  not  have  been 
worked  but  for  the  economies  incident  to  the  use  of  elec- 
tric power.  In  addition,  the  widespread  application  of 
electricity  to  the  industry  has  vastly  increased  the  safety 
of  many  of  its  operations. 

Not  only  has  electrification  been  marked  in  recent 
years  by  tremendous  growth,  but  hand  in  hand  with  this 
growth  has  come  a  decided  refinement  in  the  application 
of  power  to  the  various  processes  involved.  More  and 
more  there  is  a  tendency  towards  individual  drive  with 
the  elimination  of  standby  losses  and  the  losses  incident 
to  mechanical  power  transmission.  More  and  more  au- 
tomatic and  semi-automatic  control  is  displacing  the  old- 
fashioned  hand-operated  drum  controller.  Not  only  is 
the  magnet  switch  control  becoming  popular  for  man/ 
applications  for  which  in  former  years  it  was  never  con- 
sidered, but  it  is  notable  that  the  use  of  liquid  control 
for  large  alternating-current  motors  is  also  winning  a 
prominent  place  in  mining  operations. 

Apart  from  applications  involving  power  supply  for 
mechanical  operations,  electricity  is  finding  new  fields 
for  itself  in  the  metal-producing  industry  in  the  elec- 
trolytic process  incident  to  the  leaching  of  copper  ores 
and  the  production  of  high-grade  spelter.  Where  a  few 
years  ago  large  deposits  of  carbonate  copper  ores  were 
considered  unworkable  because  of  their  undesirability  in 
the  pyrometallurgical  processes  of  the  ordinary  smelter, 
these  same  deposits  are  now  becoming  a  decided  factor 
in  the  copper  production  of  the  two  American  conti- 
nents. Until  very  recently,  indeed,  all  commercial  zinc 
was  produced  by  distillation,  a  process  involving  manv 


difficulties,  a  comparatively  impure  product,  and  a  very 
decided  factor  of  loss  due  to  certain  peculiar  tendencies 
of  zinc  vapor  to  solidify  in  undesirable  forms.  Today  a 
very  considerable  quantity  of  the  zinc  produced  in  North 
America  is  deposited  electrolytically  from  an  acid  solu- 
tion obtained  by  leaching  zinc  concentrates,  and  the  zinc 
so  produced  is  purer  and  more  homogeneous,  and  there- 
fore more  desirable  in  the  trades,  than  that  made  in  the 
old  way. 

Electrostatic  processes  are  also  developing  a  field  of 
usefulness.  The  Hufif  process  of  zinc  separation  is  be- 
coming a  commercial  process  of  much  promise.  But  the 
most  prominent  use  of  electrostatic  processes  is  in  con- 
nection with  the  various  Cottrell  installations,  which  are 
doing  such  good  work  in  the  smelters  of  the  West.  Here 
we  have  true  conservation,  for  without  this  process 
much  of  the  metal  that  is  recovered  in  the  Cottrell 
treaters  is  carried  away  as  dust  by  the  hot  gases  belching 
from  the  smelter  stacks.  This  dust  is  not  only  lost  as 
useful  product,  but  may  also  constitute  a  definite  menace 
to  the  vegetation  of  the  surrounding  country. 

The  progress  of  civilization  is  to  a  large  extent 
bound  up  with  progress  in  the  use  of  the  base  metals, 
and  this  in  turn  is  largely  dependent  upon  the  possibili- 
ties of  metal  production.  Today  there  is  no  one  factor 
so  important  in  the  metal  production  of  the  world  as 
the  application  of  electric  power  and  electrical  processes. 
GiRARD  B.  Rosenblatt 


Railway         The     burdensome     conditions     under 
Operating       which  the  electric  railways  are  forced 
Data  ^'^  operate  have  created  a  strong  de- 

mand for  economy  in  operation  and 
maintenance.  New  methods  are  developing  under  the 
spur  of  necessity  so  rapidly  as  to  make  obsolete  most  of 
the  data  heretofore  published  on  the  subject.  It  has 
therefore  been  decided  to  organize  a  clearing  house  for 
the  interchange  of  information  of  this  kind  and  to  pub- 
lish the  best  obtainable  information  under  the  heading 
"Railway  Operating  Data." 

It  is  planned  to  devote  one  or  more  pages  to  th's 
purpose  in  each  issue,  and  as  these  pages  are  filled  a  fund 
of  information  of  continually  increasing  value  will  be 
built  up.  Many  of  the  sheets  will  automatically  find 
their  way  into  the  particular  department  of  the  shop 
where  the  operation  covered  is  performed. 

The  value  of  this  new  department  can  be  promoted 
by  Journal  readers  in  two  ways : — If  you  have  worked 
out  a  new  method  which  is  successfully  solving  a  previ- 
ously difficult  problem,  tell  us  about  it.  If  you  have  no 
successful  method  yet  perfected,  ask  for  the  best  scheme 
now  available.  In  this  way  we  can  work  together  to 
make  this  operating  data  hit  the  mark. 


Converter  Aisle  of  the  Washoe  Reduction  Works 

ANACONDA  COPPER  MINING  COMPANY,  ANACONDA,  MONTANA 

W.  C.  Capron 
Assistant  Chief  Engineer 


WHEN  the  Washoe  Reduction  Works  were  buiU 
about  1900,  small  barrel  converters  were  in- 
stalled. This  plant  was  increased  in  size  later 
so  that  the  final  installation  of  this  type  of  converter 
consisted  of  13  stalls  and  20  converters,  capable  of  con- 
verting enough  matte  to  produce  a  maximum  of 
18000000  pounds  of  copper  per  month.  The  Great 
Falls  reduction  department,  at  Great  Falls,  Montana, 
originally  installed  the  upright  Bessemer  type  of  con- 
verter, of  about  the  same  capacity  as  those  originally  in- 
stalled at  the  Washoe  works.  At  both  plants  the  con- 
verters were  tipped  by  hydraulic  power,  no  electric 
power  being  used  in  their  operation. 


using   six   converters  and   keeping   the    seventh    for   a 
spare. 

In  Fig.  I  is  shown  a  general  view  of  the  converter 
aisle.  Fig.  2  shows  a  front  view  of  the  converter  tilted 
forward  and  pouring  copper  into  a  ladle.  This  ladle 
is  then  picked  up  by  a  traveling  electric  crane  and 
carried  to  one  of  the  casting  furnaces,  where  it  is  set 
in  a  chair  which  is  tilted  by  an  electric  tilting  device,  and 
the  copper  poured  into  the  furnace.  At  the  top  of  the 
picture  can  be  seen  the  smoke  hood  into  which  the  gases 
discharge  when  the  converter  is  upright  and  blowing ; 


FIG.    I — GENERAL  VIEW   OF  CONVERTER  AIStE  AT  THE  WASHOE 
REDUCTION    WORKS 

The  Great  Falls  plant  decided  about  1904  to  increase 
the  size  of  their  converters,  and  settled  on  12  feet  in 
diameter  as  the  size  they  would  adopt.  At  the  same 
time  they  changed  the  operating  power  from  hydraulic 
to  electric.  The  details  of  the  drive  were  practically  the 
same  as  that  used  at  present. 

About  1910  the  management  at  Great  Falls  decided 
to  increase  the  size  of  the  converters,  and  a  size  20  feet 
in  diameter  was  adopted.  This  mammoth  converter, 
taking  75  tons  of  matte  at  a  charge,  proved  so  successful 
that  in  1912  one  was  installed  at  Anaconda.  This  also 
was  entirely  successful,  and  it  was  decided  to  remodel 
the  entire  converter  plant  at  Anaconda,  installing  seven 
20  foot  Bessemer-type  converters  in  place  of  the  13 
small  barrel-type  converters.  The  new  converters  are 
so  heavy  they  are  never  lifted  out  of  their  stalls  for  re- 
pairs. The  last  large  converter  was  blown  in  early  this 
year  and  the  plant  is  now  capable  of  converting  enough 
matte  to  produce  i  000000  pounds  of  copper  per  day. 


FIG.  2 — FRONT  VIEW  OF  A  75  TON  CONVERTER  IN   THE 
TILTING  POSITION 

The  converter  is  20  ft.  in  outside  diameter;  15  ft.  6  in.  inside 

diameter ;   17  ft.  8  in.  high ;  and  has  an  8  ft.  opening. 

The  outer  ends  of  the  tuyeres  appear  at  the 

top  in  this  view. 

also  the  spout  through  which  the  matte  is  charged  into 
the  converter. 

Riveted  to  the  converter  shell  are  two  cast-steel  trun- 
nions, nine  feet  in  diameter,  one  of  which  (the  right  one 
in  Fig.  2)  is  flanged,  and  each  of  which  ride  on  two  six- 
foot  rollers.  The  flanged  trunnion  carries  the  main  gear, 
which  is  of  cast  steel  approximately  12  feet  in  diameter 
and  meshes  with  a  cast  steel  pinion  30  inches  in  diam- 
eter, both  gear  and  pinion  having  15  inch  faces.  The 
pinion  is  on  the  same  shaft  with  a  cast-steel  worm  wheel 
about  five  feet  seven  inches  in  diameter,  which  is  driven 
by  a  bronze  worm  and,  in  turn,  is  connected  to  the  motor 
through  another  set  of  gears.  All  the  mechanism,  from 
the  cast-steel  pinion  to  and  including  the  motor  and 
brake,  is  housed  in  to  prevent  injury   from  splashing 
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metal  from  the  converter  and  cold  metal  falling  off  the 
converter.  The  approximate  weight  of  the  converter 
when  blowing  is  : — 

Lining    1 12.5  tons 

All  metal  parts 113.5  tons 

Charge  75      tons 

Total joi      tons 

At  the  left  of  Fig.  2  can  be  seen  a  large  pipe  connect- 
ing with  the  center  of  the  trunnion.     This  is  where  the 


FIG.   3 — ONE   HUNDRED    HORSE-POWER,    DIRECT-CURRENT    MILL    MOTOR 
FOR  TILTING  THE  CONVERTERS 

air  enters.  The  trunnion  on  this  side  is  hollow  and  the 
air  goes  through  it  and  into  the  wind  box,  which  is  seen 
around  the  upper  half  of  the  converter  in  the  position 
shown.  The  air  enters  the  converter  through  the 
tuyeres,  which  are  connected  to  and  just  below  the  wind 
box. 

The  metallurgical  operation  of  the  converter  is  as 
follows : — A  mixture  of  matte  from  the  reverberatory 
furnaces  and  from  the  blast  furnaces  weighing  from 
65  to  80  tons  is  brought  in  ladle  cars  to  the  converter 
plant  on  the  upper  level  or  charging  floor  and  is  poured 
into  a  receiving  bowl,  from  which  it  runs  through  an 
open  launder  directly  into  the  mouth  of  the  converter. 
The  blast  matte  contains  about  46  percent  copper,  25.5 
percent  iron  and  23.5  percent  sulphur.  The  reverbera- 
tory matte  contains  about  39  percent  copper,  29  percent 
iron  and  24.5  percent  sulphur.  The  resulting  mixture 
contains  about  43  percent  copper. 

Before  the  matte  is  put  in  a  boat  of  floor  cleanings 
and  a  boat  of  ore  is  charged  into  the  empty  converter. 
After  the  matte  is  charged  the  first  period  of  the  blow 
commences.  Air  is  turned  on  and  enters  the  converter 
through  31  tuyere  pipes  1.75  inches  in  diameter,  the 
pressure  varying  from  9  to  19  pounds  and  averaging 
about  14.5  pounds.  About  240  000  cu.  ft.  of  free  air  is 
used  per  ton  of  copper  produced.  The  six  converters 
which  are  operated  consume  about  17  000000  cu.  ft.  per 
day.  The  air  which  passes  through  the  molten  matte 
burns  the  iron  and  part  of  the  sulphur.  The  sulphur 
passes  off  as  a  gas  while  the  iron  is  oxidized  and  enters 
into  a  combination  with  the  silica  in  the  ore  to  form  a 


slag,  this  combination  containing  22  percent  silica  and 
6g  percent  iron  oxide.  In  burning  the  iron  and  sulphur, 
the  temperature  of  the  charge  increases  from  1800  to 
2200  degrees  F.  More  ore  is  added  as  the  temperature 
reaches  the  danger  point  until  there  is  enough  to  flux  all 
the  iron.  The  first  period  is  then  complete,  and  has 
taken  about  five  hours  and  fifteen  minutes.  There  are 
present  at  this  point  two  materials  ;  the  copper,  combined 
with  one-fourth  its  weight  of  sulphur,  in  the  bottom  of 
the  converter, — on  top  of  this  the  slag.  The  converter 
is  tilted  and  the  slag  allowed  to  run  off  into  the  cast-steel 
ladles.  This  slag  is  cast  and,  as  it  contains  from  four 
to  five  percent  copper,  is  returned  to  the  blast  furnace 
for  retreatment. 

When  the  slag  is  all  poured  off,  a  boat  or  two  of 
cold  copper  or  white  metal  (copper  sulphide)  is  added 
to  reduce  the  temperature ;  the  converter  is  then  turned 
to  an  upright  position  and  the  air  blast  turned  on  again. 
This  period  takes  about  three  hours  and  ends  when  all 
the  sulphur  has  been  oxidized  and  only  metallic  copper 
is  left.  The  copper  is  then  poured  into  ladles  and  taken 
to  small  reverberatory  furnaces,  where  it  undergoes  a 
preliminary  refining  so  it  will  cast  into  smooth  anodes 
for  electrolytic  refining.  Each  converter  treats  per  day 
from  200  to  240  tons  of  matte,  and  produces  about  75  to 
80  tons  of  copper. 

The  converters  are  tilted  by  100  hp,  500  volt,  direct- 
current  motors,  eqviipped  with  magnetic  and  post  brakes. 
The  motors  are  located  in  the  rear  of  a  corrugated  iron 
control  house  at  the  side  of  the  converters.  Fig.  3.  The 
master  controller  is  located  in  the  front  of  the  control 
house.  On  the 
ceiling  a  set  of 
pilot  lamps  indi- 
cates w  h  e  n  the 
power  is  on  and 
oft'.  There  is  also 
a  small  oil  switch 
and  double  -  pole, 
double-  throw 
knife  switch 
w  h  i  c  h  controls 
the  two  horse- 
power  motor  that 
operates  the  air 
valves. 

In  the  rear  of 
the  converters  is' 
another  c  o  r  r  u  - 
gated  iron  house, 
w  h  i  c  h  contains 
two  direct-current 
auto  matic  con- 
tactor panels  for  controlling  the  100  hp  motors  on  two 
converters,  as  shown  in  Fig.  4.  The  master  controller 
has  five  points  in  the  forward  and  five  points  in  the 
reverse  direction.  This  operates  the  contactor  panel, 
the  first  notch  closing  either  the  two  outside  or  the 
two  inside  contactors  at  the  top  of  the  panel,  according 


EIG.  4 — AUT0M.\TIC  CONTROL  PANELS  FOR 
OPERATING  THE  TILTING   MOTORS 
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to  the  direction  desired.  The  remaining  four  notches, 
each  in  turn,  close  the  contactors  at  the  bottom  of  the 
panel  from  left  to  right,  thus  cutting  out  the  resistance 
and  speeding  up  the  motor.  Each  contactor  has  an  inter- 
lock, shown  just  below  it,  which  automatically  regulates 
the  operation  of  the  succeeding  contactors. 

In  the  center  of  the  panel  is  a  double-pole,  single- 
throw  knife  switch,  which  is  the  main  switch  for  the 
unit.  Directly  above  this  is  a  small  contactor  or  over- 
load relay  which,  when  operating  on  an  overload,  throws 
out  all  the  contactors  in  service.  At  the  left  of  the  main 
switch  is  a  smaller  double-pole,  double-throw  knife 
switch  with  fuses,  which  is  the  main  switch  for  the  con- 
trol of  the  large  contactors,  thus  giving  current  to  the 
small  contactors  at  the  lower  right-hand  corner  of  the 
contactor  panel. 


When  the  master  control  handle  is  in  the  neutral 
position  the  motor  brake  comes  into  service  by  means  of 
springs  clamping  the  brake  shoes  to  the  pulley,  and  when 
the  controller  is  on  a  notch  in  either  direction  the  post 
magnet  is  energized  and  releases  the  brake. 

A  hand-operating  device  is  being  installed  on  one 
converter  for  trial.  If  the  electric  current  goes  off  when 
a  converter  is  blowing  it  is  liable  to  cause  serious  dam- 
age for,  unless  there  are  enough  steam-driven  blowers 
on  the  blast  line  to  keep  up  the  pressure,  the  tuyeres  fill, 
and  if  the  blast  goes  off  entirely  for  any  length  of  time 
the  converter  is  in  danger  of  freezing.  A  hand-oper- 
ating device  will  allow  tipping  the  converter  immediately 
to  throw  the  tuyeres  out  of  the  bath,  and  if  the  blast  is 
off  long  enough  to  be  serious  the  metal  could  be  poured, 
although  the  process  would  be  quite  slow. 


Electric  Power  in  Gold  Dredging 


T.  D.  Prier 

Electrical  Engineer, 

Conrey  Placer  Mining  Company 


DREDGE  mining  for  placer  gold  has  been  one  of 
the  most  attractive  fields  for  investment  of  cap- 
ital in  recent  years.  The  number  of  gold  dredges 
in  successful  operation  in  the  United  States  has  greatly 
increased  during  the  past  decade,  and  especially  in  the 
last  six  years.  The  early  New  Zealand  spoon  dredges 
were  operated  by  hand  power  with  some  success  in 
1865.  Later  in  1870  a  modification  of  the  spoon  oper- 
ated by  steam  power,  a  primitive  steam  shovel  dredge, 
was  worked  in  New  Zealand.  Steam  shovel  dredging 
was  attempted  in  California  as  early  as  1888,  and  with 
some  success  in  later  years.  The  elevator  gold  dredge 
with  endless  bucket  chain  was  put  into  operation  in 
New  Zealand  in  1882  and  operated  by  water  current 
wheels.  In  1897  R.  H.  Postlewaite  introduced  the  gold 
dredging  practice  of  New  Zealand  into  California.  The 
first  successful  bucket-lift  dredge  in  the  United  States 
was  that  erected  on  Grasshopper  Creek,  Beaverhead 
County,  Montana,  near  the  town  of  Bannock,  where  the 
first  capital  of  the  State  of  Montana  was  situated  in 
1864-65. 

In  the  gold  production  from  dredging  operations  in 
the  United  States,  Montana  ranks  second,  next  to  Cali- 
fornia, with  a  yield  to  the  end  of  1914  estimated  at  about 
$6  800  000. 

GOLD  DREDGING  IN  ALDER  GULCH,  MONTANA 

Alder  Gulch  empties  into  the  Ruby  River,  a  trib- 
utary of  the  Jefferson,  a  branch  of  the  Missouri,  and  is 
in  Madison  County,  Montana.  Gold  was  found  in 
Alder  Gulch  in  1862  in  such  quantity  that  its  richness  is 
renowned  in  the  placer  mining  history  of  this  country. 
It  has  been  estimated  that  in  early  days  gold  to  the  value 
of  forty  to  ninety  million  dollars  was  taken  from  the 
sixteen  miles  worked. 

After  the  cream  of  the  gold  had  been  skimmed  by 
pan,  rocker,  long-tom  and  short  sluices,  the  gulch  was 


worked  over  again,  and  in  some  places  for  a  third  time, 
by  ground  sluicing  and  other  placer  mining  methods  ;  and 
finally  endless  chain  bucket-lift  dredges  are  being  em- 
ployed to  obtain  the  last  remnants  of  the  gold. 

CONREY  PLACER  MINING  COMPANY 

The  headquarters  of  the  Conrey  Placer  Mining  Com- 
pany are  at  Ruby,  about  a  mile  and  a  half  from  Alder, 
Montana,  a  branch  terminus  of  the  Northern  Pacific, 
and  about  eighty  miles  by  rail  from  Butte.  The  Conrey 
company  started  its  first  dredging  operations  in  1899, 
and  since  that  date  has  worked,  in  the  Alder  Gulch 
district,  some  37000000  cubic  yards  of  gravel,  with  an 
average  yield  of  about  16  cents  per  cubic  yard. 

This  company  has  had  in  operation  seven  dredges, 
three  of  which  have  been  abandoned  and  four  are  now 
in  operation.  The  three  abandoned  were  the  Maggie 
Gibson  and  dredges  i  and  2,  which  were  single  bucket- 
lift  sluice  dredges,  driven  by  steam.  Of  the  present 
dredges  at  work.  No.  3  is  a  single  bucket-lift  sluice 
dredge,  driven  by  electricity,  and  the  other  three  are 
electrically-driven,  bucket-lift  stacker  dredges  of  the 
type  used  in  California. 

The  steam  dredges  worked  some  6000000  cubic 
yards  of  the  richest  gravel  below  the  mouth  of  Alder 
Gulch,  averaging  about  22  cents  a  cubic  yard.  Even 
though  the  gravel  worked  showed  such  exceptional  rich- 
ness, the  operations  yielded  little  if  any  profit  to  the 
owners  when  the  loss  of  capital  by  the  abandonment  of 
the  dredges  was  taken  into  consideration,  as  the  cost  of 
dredges  i  and  2  amounted  to  about  $225  000. 

ELECTRIC    GOLD   DREDGES 

The  advent  of  the  electric  motor  may  be  said  to  have 
marked  the  beginning  of  a  new  epoch  in  gold  dredging. 
Although  the  induction  motor  has  been  available  for 
industrial  use  for  less  than  twenty-four  years,  a  consid- 


THE   ELECTRIC  JOURNAL 


563 


erable  part  of  the  gold  mined  in  the  United  States  is 
now  recovered  by  motor-driven  dredges.  With  the  1  jpid 
extension  of  the  western  hydroelectric  transmission  sys- 
tems, cheap  power  is  now  available  in  most  placer  min- 
ing districts.  Not  only  has  cheaper  power  made  the 
electrical  dredge  superior  to  the  steam  dredges,  but 
other  advantages  are : — 

/ — Saving  in  capital  and  first  costs  by  the  purchase  of 
power. 

2 — Efficiency. 

S — High  percentage  in  operating  time. 

4 — FlexibiHty. 

5 — Ease  of  extensions. 

6 — Better  and  more  sanitary  conditions  for  dredge  crew. 

7 — Saving  in  labor  and  repair  costs. 

8 — Larger  sizes  of  gold  dredges  would  hardly  be  possible 
with  steam  equipment. 

Dredge  motors  are  mostly  of  the  alternating-current 
class,  the  variable-speed  type  being  required  for  the 
operating  of  the  bucket  line,  as  well  as  for  the  winches, 


2200  volts  and  sent  direct  to  the  dredges  over  independ- 
ent power  lines. 

Dredges  i,  2  and  3  have  2200  and  440  volt  motors, 
and  transformers  are  placed  on  these  dredges  for  fur- 
ther reduction  of  voltage  of  part  of  the  power.  Dredge 
4  uses  2200  volts  throughout,  and  only  one  transformer 
for  the  lights  is  required. 

At  the  substation  there  are  three  banks  of  trans- 
formers capable  of  supplying  2815  horse-power  of 
motors,  with  a  maximum  reduction  of  80  000  to  2200 
volts.  Two  banks  are  in  constant  use,  the  third  being 
held  in  reserve.  Over  $50  000  has  been  spent  in  con- 
nection with  this  station  and  the  different  power  lines 
to  the  various  dredges  and  to  the  machine  shop. 

The  inefficiency  of  the  steam  dredge  was  so  im- 
pressed on  the  Conrey  directors  that,  prior  to  the  favor- 
able arrangement  made  with  the  Madison  River  Power 
Company,    decision    was    reached    to    generate    electric 


TABLE  I— GENER.\L  STATISTICS  CONCERNING  DREDGES  AT  RUBY,  MONTANA 


Item 

Date  built 

Type 

Average    inonthly   yardage 

worked,  cu.  yds , 

Drive 

Capacity  of  buckets,  cu.  ft .  . 
Buckets  dumped  per  min. . . 

Gallons  water  per  min 

Total  gold  saving  area,  sq.  ft 
Horse-Power  of: — 

Bucket  chain 

Trommel 

Pumps '..... 

Winches 

Miscellaneous 

Total  horse-power 

Cost  per  yard 

Power  cost  per  yard 

Percent  running  time 

Number  of  men 

Cost  of  dredge 


Steam  Dredges 


Maggie 
Gibson 


Conrey  No.  i    Conrey  No.  2 


Electric  Dredges 


Conrey  No.  i    Conrey  No.  2    Conrey  No.  3    Conrey  No.  4 


Double  Uft 
Sluice 

27  000 

Sprocket 

chain 

5 

4  000 
320 

45 

5 

40 

10 

None 

100 

16}^ 

3-27 

35 

13 

.§2  2  s  000 


Single  lift 
Sluice 

41  360 

Sprocket 
chain 

5  to    7J^2 

5  to  u 
6500 
656 

60 
6 
79 
12 
19 
176 

3.27 

35 

15 

82  2  5  000 


1901 

Single  Uft 
Sluice 

52520 

Sprocket 

chain 

10 

5  to  II 

8  100 

692 

73 

8 

147 

4 

16 

24S 

16,1 2 

327 

35 

15 

S225  000 


Single  lift 
Table.Stacker 

96270 
Belt 

752 

16 
6  700 
1231 


30 
160 

20 

70 
380 
6.96 
I  32 

70 

8 
$108  000 


Single  lift 
Table.Stacker 

62  709 
Belt 


/  ^  2 

15 
6  700 
1231 


380 
6.96 

1-32 

70 


1906 

Single  lift 
Sluice  box 

82415 
Gear 

9J2 

15 

12  500 

1264 

150 


460 
6.96 

1-32 


.$198  000 


191 1 

Single  lift 
Table,Stacker 

300  000 
Gear 

16  to  18 

18  to  22 

12  000 

3000 

550 

100 

285 

250 

50 

1235 

6.96 

I  32 


.$296  000 


which  control  lines  to  move  the  dredge  about  in  its  pond. 
The  centrifugal  pumps,  screen  and  stacker  motors  are 
of  the  constant-speed  type. 

The  initial  problem  in  the  motor-driven  dredge  in- 
volved peak  loads  and  excessive  shocks  received  by  the 
motor  driving  the  bucket  chain,  due  to  boulders  and  ce- 
mented gravel.  The  adoption  of  a  slipping  friction  gear 
on  the  first  intennediate  shaft  and  meshing  with  the 
motor  pinion,  together  with  an  automatic  overload,  time 
limit  relay,  circuit  breaker  installed  in  the  motor  pri- 
mary, has  successfully  solved  all  such  troubles.  The 
control  of  the  digging  motor  in  the  larger  gold  dredges 
has  been  greatly  improved  by  the  introduction  of  a 
water  rheostat. 

SOURCE  OF  POWER 

Power  for  all  electric  dredges  at  Ruby,  Montana, 
is  obtained  from  the  Madison  River  power  plant,  twenty- 
six  miles  distant,  and  is  transmitted  to  the  Conrey  sub- 
station at  46  200  volts,   where   it   is   stepped   down   to 


pow,pr  by  steam  from  a  central  station  and  to  distribute 
it  to  the  dredges,  for  it  was  often  a  serious  matter  to 
coal  the  dredges  in  cold  and  stormy  weather  and 
in  comparatively  inaccessible  positions.  Considerable 
trouble  was  also  experienced  with  the  boilers,  owing  to 
the  muddy  water  from  the  ponds. 

Table  I  depicts  the  struggle  to  increase  yardage  and 
to  lower  working  costs.  Working  costs  commenced 
with  16.5  cents  with  steam  dredges  and  were  reduced  to 
5.26  cents  per  cubic  yard  in  1914.  Over  31000000 
cubic  yards  have  been  dug  by  the  Conrey  electrical 
dredges  with  an  operating  cost  of  6.96  cents  per  cubic 
yard. 

ELECTRICAL  DREDGE  NO.   3 

The  No.  3  electric  dredge  is  known  as  a  single-lift 
sluice  dredge.  The  hull  is  130  by  48  feet  by  7  feet  11 
inches,  and  contains  400  000  feet  of  lumber.  The  total 
motor  rating  is  460  horse-power.  This  dredge  started 
in   September,   1906,   with  43   open-connected   buckets. 
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The  bucket  chain  is  driven  by  a  special  150  horse-power, 
three-phase,  60  cycle,  2000  volt,  360  r.p.m.,  20  pole, 
wound-secondary  motor,  capable  of  carrying  100  percent 
overload.  It  is  interesting  to  note  that  this  was  the 
first  gold  dredge  motor  in  the  world  to  be  direct  geared 
to  a  bucket  chain  through  a  slipping  friction. 

The  controller  is  of  the  17  point  reversing  drum 
type.  This  enormous  grid  installation  gave  splendid 
control  to  the  bucket  chain  speed,  but  more  or  less 
trouble  has  been  experienced  due  to  heating  of  the  grids, 
as  the  motor  is  usually  operated  on  the  ninth  to  eleventh 
points  of  the  controller ;  also  due  to  grids  breaking  on 
account  of  vibration  of  the  dredge. 

ELECTRIC  STACKER  DREDGES   I  AND  2 

The  electric  stacker  dredges  i  and  2  were  con- 
structed on  the  lines  of  California  practice  of  7.5  cubic 
foot  enclosed-connected  bucket  chains,  with  tailing 
stacker.  They  were  started  in  1908.  The  power  is 
three-phase,  60  cycles,  at  2200  volts.  The  dredge  is  con- 
nected with  the  pole  line  by  means  of  a  heavy  insulated 
armored  submarine  cable,  which  enters  at  the  stern  of 
the  dredge.    At  the  point  of  entry  there  is  an  oil  switch 


FIG.   I — ELECTRICALLV-DRIVEN,  BUCKET-LIFT,  ST.\CKER  DREDGE 

so  that  the  power  can  be  turned  oft'  from  the  dredges  at 
that  point.  There  is  another  oil  switch  which  controls 
the  lighting  circuit.  This  arrangement  allows  the  motors 
to  be  cut  off  without  affecting  the  lights.  From  tire  oil 
switch  at  the  stern  the  main  lines  run  to  the  switchboard 
in  the  pilot  house,  and  from  there  the  power  is  distrib- 
uted to  the  various  motors  and  lights. 

Bucket-line  motors  for  digging  gold-bearing  gravel 
vary  in  size  from  75  to  550  hp,  and  are  generally  of 
special  design  to  withstand  heavy  strains  and  peak  loads. 
The  control  must  be  flexible  to  obtain  best  results. 

When  a  dredging  operation  is  commenced  on  a  new 
cut  the  load  is  usually  light  at  first  and  the  buckets  may 
be  operated  at  maximum  speed.  As  the  depth  increases 
and  the  gravel  becomes  more  compact  the  load  increases, 
the  buckets  require  more  time  to  fill,  and  the  speed  must 
be  reduced  as  required. 

On  electrical  dredges  i  and  2  the  digging  motor  is 
100  horse-power,  60  cycle,  three-phase,  2200  volts,  580 
r.p.m.,  variable  speed,  with  external  secondary  resist- 
ance, operated  by  a  nine-point  reversing  controller  in  the 
pilot  house.    These  motors  are  connected  to  the  tumbler 


driving  the  bucket  chain  by  a  system  of  two  belts  and 
two  sets  of  gears,  giving  four  reductions  in  speed. 

The  larger  motors,  50  hp  and  over,  operate  directly 
at  2200  volts  without  intervention  of  transformers.  The 
smaller  motors  operate  at  440  volts  and  are  supplied 
through  a  bank  of  three  step-down  transformers,  2200 


IK,.    J — CUi\Kt\     IlKl.iH.E    -NU.    4 

The  550  hp,  three-phase  motor  which  is  required  to  operate  the 
buckets  makes  this  the  most  powerful  gold  dredge  afloat. 

to  440  volts.  These  transformers  are  of  the  oil-cooled, 
outdoor  type  and  are  installed  on  the  outside  of  the 
dredge  near  the  bow  on  the  first  dock. 

ELECTRIC  DREDGE   NO.  4 

The  No.  4  dredge  was  designed  to  work  economically 
large  areas  of  ground  with  small  gold  contents  to  a 
depth  of  55  feet  below  water  level.  The  record  month's 
performance  (May,  1915)  of  digging  411  000  cubic 
yards  with  82  percent  running  time,  with  a  depth  of  54 
feet  and  operating  cost  of  2.66  cents  per  cubic  yard,  jus- 
tifies a  more  detailed  description  of  the  digging  appa- 
ratus. 
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FIG.  3 — OPERATING  UNDER  DIFFICULTIES 

The  large  rock,  which  was  brought  up  by  the  buckets,  indicates 

the  severity  of  the  service  which  must  be  met 

by  this  equipment. 

The  hull  is  150  feet  long,  68  feet  wide  and  13  feet 
deep.  The  machinery  for  the  dredge  weighs  2  280  000 
pounds  and  660  000  feet  of  lumber  were  used  in  the  hull, 
making  a  total  weight  of  about  2000  tons  for  the  com- 
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piete  dredge.     The  buckets  each  hold  17  cubic  feet  of 
gravel. 

When  No.  4  began  work  in  191 1  the  digging  motor, 
though  as  powerful  as  had  been  used  before,  was  inade- 
quate for  its  work,  and  it  was  replaced  by  a  specially 
designed  motor  geared  directly  to  the  bucket  chain. 
This  motor  is  the  largest  in  use  in  gold-dredging  prac- 
tice and  is  550  hp,  three-phase,  60  cycles,  14  pole,  2200 


FIG.   4 — BUCKETS    rsi:i)   0-\    KI.IXTRIC    LiKKDGE 

The  lips  which  are  riveted  on  are  of  manganese  steel. 

volts,  wound-secondary  motor,  built  on  an  18  inch  wide 
frame. 

Under  normal  rated  conditions  of  voltage  and  fre- 
quency the  motor  will  operate  at  its  full  rated  torque 
at  any  speed  from  full  load  to  75  percent  full-load  speed 
continuously  with  a  rise  in  temperature  above  the  sur- 
rounding room  temperature  not  to  exceed  40  degrees  C, 
and  under  the  same  conditions  it  will  operate  under  load 
corresponding  to  125  percent  of  its  rated  full-load  torque 
continuously  at  any  speed  from  full  load  to  75  percent 
full-load  speed  with  a  rise  in  temperature  above  sur- 
rounding room  temperature  not  to  exceed  55  degrees  C. 
Its  percent  efficiency  is  approximately  90  at  one-half 
load;  91.5  at  three-quarters  load;  92  at  full  load.  Its 
percent  power-factor  is  yy  at  one-half  load ;  85  at  three- 
quarters  load ;  88  at  full-load.  The  starting  torque  is 
the  same  as  the  pull-out  torque,  and  is  2.5  times  the  full- 
load  torque.  The  electrical  installation  is  similar  to  that 
of  Nos.  I  and  2  on  a  larger  scale,  with  the  exception  that 
all  motors  are  on  a  2200  volt  circuit. 

The  control  of  this  motor  is  worthy  of  more  detailed 
description.  The  resistance  in  the  rotor  circuit  is  not 
intended  as  an  initial  starting  device  only,  but  is  used  as 
a  speed  regulator  for  the  bucket  chain  as  well,  and  is 
carrying  current  most  of  the  time  the  motor  is  under 
load.  Cast  grids  were  giving  trouble  by  overheating  and 
breaking,  and  the  weight  was  excessive  for  a  motor  of 
this  size.  The  water  rheostat  control  was  therefore  in- 
stalled with  some  slight  modifications.  Six  electrically- 
operated  magnetic  contactors  installed  in  the  pilot  house, 
three  forward  and  three  reverse,  for  the  primary  circuit 
to  the  motor  are  operated  by  a  master  controller  at  220 


volts.  The  lever  to  the  master  controller  also  raises  and 
lowers  the  weir  in  the  water  rheostat,  thus  varying  the 
resistance  in  the  rotor  circuit  at  the  same  time  the 
primary  is  closed.  To  go  from  forward  to  reverse  the 
weir  must  pass  through  its  lowest  point,  completely 
emptying  the  electrode  tank  and  placing  maximum  re- 
sistance in  circuit.  This  controller  and  rheostat  are  cap- 
able of  controlling  the  speed  of  the  motor  continuously 
at  any  speed  from  full  load  to  75  percent  full-load  speed 
when  operating  at  any  torque  from  full  load  to  125  per- 
cent full-load  rated  torque.  These  liquid  rheostats  are 
capable  of  very  high  resistance  and  extreme  smoothness 
in  rate  of  change.  Pure  water  is  seldom  used,  some  salt 
being  added  to  the  water  to  increase  its  conductivity. 

The  radiation  capacity  of  a  liquid  rheostat  as  applied 
to  a  dredge  was  a  severe  problem.  Prior  to  the  Conrey 
installation  the  method  of  cooling  the  liquid  was  by  im- 
mersing coils  of  pipe  in  the  rheostat  tank  and  circulating 
pond  water  through  them.  Clogging  with  mud  from  the 
water  made  this  method  a  failure.  As  applied  on  dredge 
No.  4,  the  coils  of  pipe  are  fastened  to  the  hull  of  the 
dredge  in  the  pond  and  the  electrolyte  is  pumped  through 
them  and  back  to  rheostat.  This  method  of  control  has 
been  in  operation  for  several  years  and  the  speed  of  the 
digging  chain  has  ranged  from  22  buckets  per  minute  in 
top  loam  and  loose  gravel  to  17  buckets  per  minute  at  a 
depth  of  50  feet  below  water  level  in  compact  digging. 


The  extent  of  the  development  of  dredging  in  Mon- 
tana in  20  years  extends  from  the  early  steam  dredges 
with  their  total  weight  of  450  tons  and  100  hp  each  to 
Conrey  electric  dredge  No.  4,  weighing  2000  tons  and 
having  1235  horse-power. 
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Vu:.   5 — ICE  CONDITIONS   IN   THE  WINTER 

Tlie  hull  is  entirely  out  of  sight  under  the  ice. 
The  superiority  of  the  modern  electric  locomotives 
over  the  early  ox  teams  and  steam  trains  in  costs,  com- 
forts and  advancement  of  civilization  is  analogous  to 
the  growth  of  the  hand,  water  wheel  and  steam  dredge 
into  the  giant  electrically-operated  machine. 


Individual  Motor  Drive  for  Flotation  Machines 

E.  Shores 

Metallurgical  Engineer, 

Stimpson  Equipment  Company 

THE  greatest  recent  progress  in  the  concentration  of  low-grade  ores  has  been  accomplished  by  the  intro- 
duction of  what  is  termed  "flotation"  into  metal  milling  practice.  Just  what  makes  a  metalliferous  ore  of 
certain  character  "float"  is  a  much-mooted  question,  but  the  fact  remains  that  sulphides  of  many  of  the  baser 
metals,  and  for  that  matter  some  carbonates  and  several  native  metals  will  adhere  to  the  surface  of  soapy  or 
oily  bubbles,  while  non-metalliferous  substances,  such  as  sand,  powdered  rock  and  the  other  mineral  sub- 
stances in  whose  presence  the  metals  are  found  in  nature,  will  not  do  so.  Accordingly,  if  ore-bearing  rock 
is  finely  pulverized  and  then  mixed  with  a  solution  of  water  carrying  some  saponaceous  oil  and  the  mixture 
stirred  and  agitated  so  that  bubbles  are  produced,  these  bubbles  will  naturally  rise  to  the  surface  and  carry 
with  them,  clinging  to  their  film,  that  part  of  the  powdered  rock  which  is  metalliferous.  This  is  termed 
floating  the  ore  and,  when  properly  applied,  will  recover  even  from  comparatively  low-grade  ore  a  much 
greater  proportion  of  the  metallic  matter  than  was  ever  possible  with  the  old  systems  of  gravity  concentra- 
tion, which  depends  for  its  operation  on  the  settling  out  of  the  metallic  matter  from  a  moving  mass  of  water 
due  to  its  specific  gravity  being  greater  than  that  of  the  rock  with  which  it  was  associated. 

The  production  of  the  bubbles  as  a  froth  or  foam  in  the  presence  of  crushed  ore  is  termed  agitation 
and  may  be  accomplished  in  a  number  of  ways,  all  of  which  are  variations  or  combinations  of  two  funda- 
mental methods,  viz.,  of  either  bubbling  air  through  the  solution  or  beating  up  the  solution  in  the  presence 
of  air.  In  any  event  it  must  be  a  carefully  adjusted  process;  and  dealing  as  it  does  with  a  raw  material  in 
which  the  values  per  ton  (and  therefore  the  profits  per  ton)  are  low  and  subject  to  disappearance  if  the 
process  is  not  carefully  applied,  the  operation  of  a  flotation  plant  necessarily  depends  upon  the  summation 
of  many  minor  economies.  In  this  way  the  production  of  metals  on  a  profitable  scale  from  low-grade  ores 
takes  on  all  of  the  aspects  of  a  manufacturing  enterprise.  In  fact,  it  is  manufacturing,  just  as  much  as  is 
fabricating  steel  from  iron  ore,  or  weaving  cloth  from  cotton,  or  making  paper  from  wood.  And  here,  as 
in  other  manufacturing  processes,  direct-connected  individual  motor  drive  has  won  well-merited  recognition 
for  itself. 


THE  advantages  of  individual  motor  drive  in  first- 
class  machine  shops  have  long  been  recognized. 
The  savings  in  space  is  quite  important.  The 
dangers  always  connected  with  line  shafting  and  belts 
are  eliminated.  The  operator  has  more  complete  con- 
trol over  his  machine,  and  a  wider  variation  in  speed 


in  the  concentrating  mill.  Individual  drive  is  being  used 
with  success  on  concentrating  tables  and,  recognizing 
all  the  advantages  to  be  obtained  from  this  method  of 
applying  power,  it  has  been  adopted  for  the  drive  of  the 
Janney  flotation  machine.  The  designers  of  the  Janney 
cell,  men  of   wide  experience   in  the  operation   of   the 


FIG.   I — A  TVPIC.VL  INST.\LL.\TION  OF  J.\NNEV  CELLS   WITH    INDIVIDUAL   MOTOR   DRIVE 


may  be  obtained  if  necessary.  The  machine  may  be 
shut  down  without  the  necessity  of  shifting  to  a  noisy 
loose  pulley  or  hanging  up  the  belt,  or  without  afifecting 
other  machines. 

All  the  advantages  derived  in  the  shop  by  the  use  of 
individual  motor  drive  may  be  had  with  equal  facility 


large  concentrators,  considered  all  methods  of  dri\e 
very  seriously  before  adopting  individual  motors.  At 
first  glance  it  seemed  that  the  first  cost  would  be  ex- 
cessive, but  upon  closer  analysis  it  was  found  that  the 
initial  outlay  for  group  drive  and  for  individual  drive 
was  just  about  the  same.     In  designing  a  mill  for  dis- 
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tribution  of  power  by  means  of  line  shafts  and  belts  the 
upper  steel  structure  has  to  be  made  heavy  enough  to 
carry  this  load.  Extra  trusses  and  columns  to  take  the 
shafting  strains  must  be  provided.  There  is  consider- 
able friction  loss  with  any  arrangement  of  shafting,  and 
this  is  greater  than  it  should  be  as  a  rule,  due  to  the  fact 
that  a  shaft  gets  out  of  alignment  from  the  settling  of 
the  building  or  other  causes  and  is  seldom  trued  up 


FIG.    2 — BATTERY    OF    FLOTATION    MACHINES 

Driven  by  10  hp  motors, 
again.    To  readjust  it  would  take  time,  which  is  always 
at  a  premium,  and  hence,  as  long  as  the  shafting  will 
run  without  appreciable  difficulty,  it  is  usually  left  alone. 

The  percentage  of  lost  time  per  machine  is  decid- 
edly in  favor  of  the  individual  drive.  The  motors  are 
such  that  they  do  not  give  any  trouble  and  will  run  con- 
tinuously for  months.  On  the  other  hand,  the  time  lost 
in  a  mill  due  to  belt  trouble  is  always  considerable ; 
especially  with  the  smaller  belts.  They  must  be  kept  at 
just  the  proper  tension  or  else  they  give  trouble ;  trouble 
means  the  adjustment  of  that  belt,  and  of  course  a 
delay.  In  no  method  of  concentration  is  the  necessity 
of  steady,  continuous  operation  so  essential  as  with 
flotation.  A  shut  down  in  a  flotation  plant  is  a  serious 
matter,  since  it  takes  considerable  time  to  get  everything 
into  proper  adjustment  after  again  starting  up.  During 
the  time  this  adjusting  is  being  done  the  results  are  ofif 
and  a  direct  loss  is  the  result.  The  only  time  a  Janney 
machine  needs  to  be  shut  down  is  when  the  power  is  cut 
oflf  or  the  operator  shuts  the  machine  down  for  replace- 
ment of  parts  worn  out.  The  machine  may  operate  con- 
tinuously for  from  two  to  three  months  without  need  of 
stopping.  When  this  is  necessary  the  changes  in  most 
cases  may  be  made  in  twenty  minutes  and  the  machine 
is  ready  for  another  period  of  continuous  operation. 
And  only  one  machine  at  a  time  need  be  shut  down. 

The  motor  drive  on  each  flotation  cell  makes  it  pos- 
sible for  any  number  of  machines  to  be  placed  very 
closely  together,  thereby  giving  great  economy  in  the 
floor  space  required.  It  also  leaves  all  the  space  above 
the  machines  open  for  crane  service. 

From  the  flotation  operator's  standpoint  the  indi- 
vidual motor  drive  is  ideal.  It  eliminates  one  of  his 
principal  troubles — the  mechanical  operation  of  the  ma- 
chine.    His  whole  time  may  be  given  to  other  matters. 


All  this  tends  to  produce  the  best  metallurgical  results. 
To  the  individual  motor  drive  must  be  given  much  credit 
for  the  success  and  popularity  attained  by  the  Janney 
flotation  machine. 

The  motor  used  with  these  machines  was  developed 
especially  for  this  service  after  an  exhaustive  study  of 
the  application.  The  types  of  fumes  that  will  likely  be 
met  with  in  the  handling  of  various  classes  of  ore  were 
investigated  and  an  insulation  was  designed  to  with- 
stand corrosive  action.  Power  requirements  and  torques 
involved  were  studied  and  a  motor  to  meet  the  par- 
ticular requirements  with  maximum  efficiency  was 
evolved.  The  mechanical  requirements  of  the  service 
received  particularly  careful  consideration.  It  being 
manifestly  impossible  to  support  successfully  the  vertical 
shaft  carrying  the  agitator  paddles  by  a  step  bearing  in- 
side the  flotation  cell,  it  became  necessary  to  suspend  this 
shaft  from  the  shaft  of  the  motor  itself.  Accordingly,  a 
step  bearing  was  provided  at  the  top  of  the  motor,  with 
sufficient  capacity  to  sustain  the  weight  of  the  revolving 
part  of  the  motor,  the  weight  of  the  motor  shaft,  the 
weight  of  the  agitator  paddles  together  with  their  shaft 
and  coupling.  This  is  a  ball  bearing  which  is  continu- 
ally flooded  with  oil,  and  so  successful  has  been  the  de- 
sign of  the  lubricating  system  that  in  several  years  of 
operation  no  trouble  has  been  experienced  due  to  failure 
of  lubrication  on  the  step  bearing. 

As  a  slight  unbalancing  of  the  paddles  at  the  rotative 
speed  of  approximately  600  r.p.m.  used  in  these  cells 
would  cause  excessive  vibration  due  to  the  long  length 
of  shaft  between  the  step  bearing  and  the  paddles  them- 
selves, a  heavy  guide  bearing  is  provided  below  the 
motor  and  above  the  paddles,  this  bearing  being  integral 
with  the  lower  end  bell  of  the  motor. 

The  whole  motor  construction  and  drive  was  devised 
under   the   guidance   of    experienced   operators   of   the 


FIG.  3 — INDIVIDUAL  .\GITATOR   MOTORS 

Used  with  Janney  cells  in  the  ore  flotation  system  of  separating 

base   metals    from   low-grade   ores   and   tailings.     The 

emulsifier  or  mixer  cell  is  shown  in  the 

upper  left-hand  corner. 

largest  concentrating  mills  in  the  country,  so  as  to  reduce 
maintenance,  insure  continuity  of  service,  and  permit 
ease  of  lubrication,  inspection  and  assembling.  The  suc- 
cess that  has  attended  the  application  is  a  testimonial 
of  what  careful  study  of  commercial  operating  condi- 
tions can  insure  in  the  way  of  satisfactory  performance. 


Electricity  Applied  to  Metal  Mining 


W.  N.  Clark 

Superintendent  of  Mountain  Division, 

Arkansas  Railway,  Light  &  Power  Company 


A  CONSIDERABLE  advance  in  the  application  of 
electricity  for  mining  purposes  has  been  made  in 
the  Cripple  Creek  gold  mining  district  and  in  the 
Canon  City  coal  fields  of  Colorado.  Service  to  these 
districts  was  begun  in  1898.  For  a  number  of  years 
there  was  considerable  competition  in  the  supply  of  elec- 
tric service.  There  were  three  central  stations  com- 
peting for  business,  the  principal  revenue  being  derived 
from  the  lighting  service,  and  in  the  early  boom  days  of 
the  Cripple  Creek  district  a  large  amount  of  lighting  was 
used  day  and  night  at  a  rate  of  approximately  20  cents 
per  kilowatt-hour. 

At  first  the  operating  companies  were  able  to  secure 
only  auxiliary  power  applications,  such  as  small  hoists, 


So  far  as  known,  the  first  high-tension  commercial 
aluminum  cell  arrester  was  tried  out  in  the  Cripple 
Creek  district,  and  the  original  set  was,  until  a  few  years 
ago,  still  in  operation.  At  the  time  this  arrester  was  in- 
stalled for  experimental  purposes  the  local  company  was 
already  operating  a  few  crude  home-made  experimental 
aluminum  arresters  on  the  500  volt  customers'  service 
with  excellent  results. 

The  business  suffered  from  too  keen  competition, 
there  being  at  one  time  four  competing  central  stations 
in  the  gold  mining  district.  Occasionally  one  company, 
by  reason  of  accident  or  lack  of  load,  would  sell  or  pur- 
chase service  from  a  competitor.  Certain  of  the  larger 
customers  would  frequently  be  changed  from  one  com- 


conveyors,  sawmills  and  underground  applications  where 
it  was  difficult  and  expensive  to  maintain  steam  and  com- 
pressed air  pipe  lines.  Rates  were  comparatively  high. 
A  great  deal  of  difficulty  was  experienced  by  the  central 
stations  in  maintaining  service  during  lightning  storms, 
and  continuity  of  service  during  the  summer  season 
could  not  be  guaranteed.  It  was  not  unusual  for  an 
operating  company  to  work  up  a  fairly  good  day  power 
load  during  the  fall  and  winter  months,  and  by  the  end 
of  August  find  a  considerable  portion  of  its  customers 
had  cut  out  electric  service  and  installed  steam  equip- 
ment. As  high  as  25  percent  of  the  distributing  trans- 
formers would  be  more  or  less  damaged  in  one  season, 
and  considerable  trouble  was  experienced  on  the  500 
volt,  three-phase  distribution  circuits.  It  was  often  nec- 
essary to  disconnect  customers'  meters  during  the  light- 
ning period  and  estimate  customers'  bills  because  none 
of  the  earlier  meters  could  be  relied  upon  during  the 
lightning  season ;  also  440  volt  motors  suffered  severely 
from  lightning  disturbances. 
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pany  to  another,  and  the  smaller  customers  were  changed 
from  one  to  the  other  very  frequently.  At  one  time  one 
of  the  companies  operating  a  hydroelectric  plant  without 
steam  reserve  was  obliged,  on  account  of  the  shutting  off 
of  the  water  supply  by  cold  weather,  to  connect  its  load 
to  the  lines  of  its  competitor  just  before  dark  as  the 
lighting  load  was  coming  on.  Its  manager  succeeded  in 
entering  into  a  contract  with  the  manager  of  the  com- 
peting company  at  a  reasonable  rate  before  his  employees 
could  advise  him  of  the  source  of  the  extra  load.  The 
hydroelectric  company  then  succeeded  in  getting  a  sup- 
ply of  water  from  a  reservoir  belonging  to  one  of  the 
municipalities  which,  on  account  of  the  newness  of  the 
reservoir,  was  unfit  for  domestic  use.  The  state  militia, 
being  then  in  control  of  the  mining  district  on  account 
of  a  serious  labor  strike,  was  obliged,  under  the  plea  of 
military  necessity,  to  open  the  gates  of  a  reservoir  be- 
longing to  a  distant  municipality  and  secure  therefrom 
an  adequate  supply  of  pure  water  from  the  western 
slope  of  Pike's  Peak. 
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The  advent  of  the  aluminum  cell  arrester  enabled  the 
operating  companies  to  give  reliable  service  and  grad- 
ually develop  the  power  load  of  the  mines.  Air  com- 
pressors were  the  first  large  loads  taken  on,  and  later 
ore  mills  running  24  hours  per  day  were  served  and  also 
other  loads  requiring  continuous  service. 

In  191 1  the  properties  at  Pueblo,  Canon  City,  Cripple 
Creek,  La  Junta,  Rocky  Ford  and  surrounding  territory 
were  taken  over  by  the  Arkansas  Valley  Railway  Light 
&  Power  Company,  under  the  management  and  control 
of  H.  M.  Byllesby  &  Co.,  of  Chicago.  The  generating 
plants  were  enlarged  and  the  service  was  in  general 
greatly  improved  by  this  consolidation.  Three  plants 
are  now  operating  in  parallel,  one  in  Pueblo,  one  in 
Canon  City  and  a  hydroelectric  station  near  Victor,  oper- 
ating under  a  head  of  1150  feet.  The  system  supplies 
service  to  cities,  coal  mines,  metal  mines,  cement  mills, 
ore  mills,  oil  wells,  various  city  factories,  irrigation 
pumping  and  agricultural  districts.  The  resultant  load 
of  the  combined  district  has  a  relatively  high  load  factor. 

The  application  of  electric  power  to  mining  has  been 
quite  rapid  in  the  last  few  years.  At  the  present  time 
there  are  approximately  16000  hp  connected  in  the  Crip- 


^  All  transmission  circuits  supplying  the  Cripple  Creek 
muimg  district  are  operated  at  30  cycles,  22000  volts, 
and  distribution  to  the  larger  customers  is  made  at  the 
same  voltage.  Smaller  scattered  customers  are  supplied 
at  6600  volts.  Customers  usually  receive  service  at 
about  460  volts.  Four  transmission  circuits  supply  this 
company,  terminating  in  a  switching  station  equipped 
with  reverse  power  relays.  These  relays  have  not  been 
entirely  satisfactory  and  are  being  changed  to  the  defi- 
nite time  limit  type  of  relay.  La  Bella  plant,  one  of  the 
large  steam  stations  in  this  district,  has  been  remodeled 
into  a  synchronous  condenser  station.  The  three  600 
k.v.a.  generators  were  disconnected  from  the  cross- 
compound  engines  and  are  floated  on  the  line  as  con- 
densers. Street  railway  motors  are  geared  to  the  crank 
discs  for  the  purpose  of  bringing  the  generators  up  to 
synchronous  speed.  Two  small  condensers  are  oper- 
ating at  two  different  substations,  and  also  two  large 
synchronous  motors  direct  connected  to  air  compressors 
are  operating  over-excited.  The  power-factor  of  the 
system  is  maintained  at  any  point  desired. 

Most  of  the  mines  of  the  Cripple  Creek  gold  mining 
district  are  drained  by  the  Roosevelt  Tunnel,  which  is 
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pie  Creek  metal-mining  and  Canon  City  coal-mining  dis- 
tricts. Considerable  additional  power  is  contracted  for. 
All  the  coal  mines  in  the  Canon  City  field  purchase  elec- 
tric service ;  although  not  all  of  them  have  entirely  dis- 
placed some  of  the  older  steam  equipments.  The  same 
is  true  of  the  metal  mines.  It  is  difficult  at  times  to 
show  sufficient  saving  to  warrant  the  customer  in  dis- 
carding expensive  steam  equipment  where  the  load 
factor  is  not  high.  Especially  is  this  true  if  the  mining 
company  has  no  extensive  ore  reserves,  or  where  under- 
ground development  has  not  been  carried  out  system- 
atically ahead  of  production.  Each  case  is  an  individual 
problem,  requiring  special  treatment. 

The  cyanide  process  of  extracting  gold  from  ores  has 
permitted  the  treatment  of  very  low  grades  of  ore  di- 
rectly at  the  mines,  saving  the  heavy  transportation  ex- 
penses to  valley  treatment  plants.  Recently  the  flotation 
process  has  been  successfully  applied  to  the  local  treat- 
ment of  gold  ores,  which  opens  up  a  vast  supply  of  low- 
grade  ores  that  can  be  profitably  treated. 


being  driven  and  which  now  has  a  length  of  22  000  feet 
and  a  depth  of  2200  feet.  This  tunnel  is  driven  by  a 
company  whose  stock  has  been  subscribed  by  the  vari- 
ous mining  companies.  The  cost  of  the  tunnel  is  ap- 
proximately $750000.  The  geologic  features  of  this 
mining  district  are  unique.  The  entire  district  is  com- 
posed of  an  extinct  volcano,  the  top  of  which  has  been 
eroded,  leaving  a  crater  about  six  miles  in  diameter  and 
of  irregular  shape.  The  walls  of  this  crater  are  granite 
and  the  depth  of  the  crater  is  unknown.  This  tunnel 
taps  the  crater  at  a  depth  of  2200  feet  and  drains  the 
entire  volcanic  area.  One  large  mining  property  is  cut 
off  from  this  drainage  by  a  dike  of  dense  material  and 
the  drainage  tunnel  has  not  yet  penetrated  this  dike. 
This  property  is  pumping  from  the  2000  foot  level  to 
the  surface,  using  three  triplex  horizontal  pumps,  each 
driven  by  175/85.5  hp  motors,  running  at  600/300  r.p.m., 
connected  through  flexible  couplings  to  large  herring- 
bone gears.  A  centrifugal  pump  in  the  bottom  of  the 
shaft  raises  the  water  to  the  plunger  pumps.    The  over- 
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all  efficiency  of  these  plunger  pumps  was  carefully 
measured  and  was  found  to  be  83  percent  from  the 
switchboard  on  the  surface  to  the  water  discharged  at 
the  surface.  The  guaranteed  efficiency  of  the  motors 
and  pumps  combined  was  76.5  percent. 

Mining  companies  are  encountering  rich  ore  bodies 
at  the  tunnel  level,  which  are  presumed  to  extend  at 
least  a  considerable  depth  below.  The  Portland  Gold 
Mining  Company,  one  of  the  oldest  and  richest  of  the 
mines,  has  remodeled  its  500  ton  mill  and  will  enlarge  it 
to  a  capacity  of  1250  tons  daily  capacity,  which  will  re- 
quire about  3700  hp  in  motors. 

No  extremely  large  hoists  have  been  electrified  in 
this  territory,  the  largest  electric  hoist  in  use  being 
about  200  horse-power.  The  hoisting  duty  is  severe  ;  the 
shafts  are  deep,  and  in  order  to  move  the  amount  of  ore 
required  from  the  mine  high  speeds  are  required.  .\ 
considerable  number  of  smaller  hoists,  especially  in  the 


FIG.    2 — TRANSMISSION    LINE   TO   CRIPPLE   CREEK   DISTRICT 

Showing  Portland  and  Independence  mines  in  the  background. 

coal-mining  district,  are  being  served.  One  flywheel 
set  hoisting  equipment  is  being  operated  in  the  Coal 
Creek  shaft  of  the  Colorado  Fuel  &  Iron  Company.  The 
Arkansas  Valley  Railway,  Light  &  Power  Company  has 
constructed  an  additional  line  from  Canon  City  to 
Victor.  The  Canon  City  plant  is  being  increased  by  the 
addition  of  a  7500  kw  steam  turbine  plant,  complete 
with  new  boilers  and  auxiliaries,  and  will  shortly  be  in  a 
position  to  handle  more  severe  loads. 

A  recent  application  has  been  made  of  underground 
storage  battery  locomotives  in  the  Portland  Gold  Mine, 
which  successfully  replaces  a  considerable  number  of 
manual  trammers,  costing  three  dollars  each  per  day. 
All  drilling  is  done  by  compressed  air  drills,  hand  drill- 


ing being  practically  a  thing  of  the  past.  Air  com- 
pressors are  all  driven  by  constant-speed  motors,  either 
induction  motors  or,  where  direct  connected,  by  synchro- 
nous mr«t'ir~      1  h '\  iininL'  i-^  ijnne  bv  unloaders  of  vari- 


FIG.  3 — TYPE  OF   >  I  I  I       I  I    I  I     I   SKI)  WITH   SPANS  OF   I60O  TO  2000  FEET 

These  spans  are  necessary  to  supply  the  Cripple  Creek  mines, 

where  the  rough  country  will  permit  material  to  be 

delivered  only  on  the  high  ridges. 

ous  types  operated  by  air  pressure.     About  90  to  100 
pounds  air  pressure  is  maintained. 

The  annual  output  from  the  Cripple  Creek  district  is 
appro.ximately  i  000  ooo  tons  of  ore,  with  a  gross  value 


FIG.   4 — MOTOR-GE.\'ERAT0R,    FLYWHEEL    HOISTING    SET   OF   THE 
COLORADO  FUEL  &  IRON  COMPANY  AT  COAL  CREEK 

The  stove  whose  pipe  is  in  the  foreground  is  used  to  heat  the 
building  and  burns  the  only  coal  used  on  the  property. 

of  $16000000  to  $25000000.  It  is  expected  that  the 
tonnage  will  increase  greatly,  as  the  lower  grade  ores 
can  now  be  treated  profitably.  One  mine  has  as  high  as 
15  000  000  tons  of  low-grade  ore  blocked  out. 


High  Efficiency  in  a  Hydroelectric  Plant 

OBTAINED    THROUGH    UNIQUE    DESIGN 

J.  W.   SWAREN 

THE  United  States  Reclamation  Service  of  the  Department  of  the  Interior  has  been  called  upon  to  design  and 
construct  many  installations  in  the  course  of  its  engineering  operations.  Under  its  jurisdiction  have  been 
built  more  distinctive  hydroelectric  plants  than  under  the  jurisdiction  of  any  other  group  of  engineers.  Of 
these,  the  Cross  Cut  power  plant  of  the  Salt  River  project  is  probably  the  most  unique  from  either 
an  economic  or  an  engineering  point  of  view. 
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THE  Salt  River  project  lies  in  Arizona,  north  of  the 
Salt  River  in  a  series  of  mesas,  each  mesa  being 
served  by  a  canal  with  its  head  at  or  near  the 
river.  The  upper  canal,  known  as  the  Arizona,  skirts 
the  mountains,  and  is  the  main  artery  from  the  Roose- 
velt Dam,  supplying  water 
for  a  number  of  subsidiary 
canals,  as  well  as  the  upper 
mesa.  The  chief  subsidiary 
■  I  canal  is  the  Grand.    As  orig- 

J^    -''51*  09^%  inally   constructed,    its   head 

was  near  the  Salt  River  and 
^.         :-  its  nearest  point  approached 

JB^**l|||gnHHg  within  eight  miles  of  the  Ari- 
^^fl^^^  ^  ^^^H  zona  Canal.  Water  was  car- 
^^^^^^^^J^J^^^I  ried  into  the  Grand  Canal  by 
^^^^^^^^^H|^^^H  auxiliary  canal  known 

Hii^HIHill^^^^^H  the  "Cross  Cut,"  with  a  total 
fall  of  130  feet  in  the  eight 
miles. 

Surveys  of  the  intervening  territory  showed  that  a 
new  cross-cut  canal  could  be  laid  out  along  a  profile  to 
the  east  of  a  hill  known  as  "Hole  in  the  Rock,"  with  117 
feet  of  the  total  fall  in  the  last  half  mile.  The  terminus 
of  the  new  Cross  Cut  Canal  is  about  one  mile  from 
Tempe  and  eight  miles  from  Phoenix,  and  almost  at  the 
exact  geographical  and  load  center  of  the  entire  Salt 
River  project  distribution  system. 

Consideration  had  previously  been  given  to  building 
a  steam  standby  station  for  the  purpose  of  improving  the 
service  in  Phoenix  and  nearby  towns,  where  quite  a  re- 
spectable motor  load  has  been  developed  among  cotton 
gins,  refrigerating  plants  and  similar  industries.  The 
possibility,  however,  of  securing  water  power  in  such 
a  favorable  location  led  to  an  investigation  of  the  merits 
of  its  utilization. 

PROBLEMS    ENCOUNTERED 

The  difficulties  encountered  were  unusual,  even  for 
a  hydroelectric  installation.  First,  was  the  matter  of 
stream  flow,  which  is  not  dependent,  except  remotely,  on 
the  weather  or  run-ofif,  but  on  the  irrigation  require- 
ments of  the  lands  below.  It  varies  from  o  to  720 
second-feet,  the  maximum  carrying  capacity  of  the  main 
canal.    The  highest  rate  obviously  is  during  the  summer. 

The  physical  characteristics  of  the  water  are  most 
unusual    and   highly    detrimental    to    the    operation    of 


hydraulic  machinery.  Silt  is  always  held  in  suspension, 
at  times  to  the  full  transporting  capacity  of  the  stream. 
The  chemical  characteristics  are  also  unfavorable,  as  the 
water  is  strongly  impregnated  with  salts,  which  precipi- 
tate in  contact  with  iron  and  steel  to  an  extent  that  inter- 
feres with  the  seating  of  valves  or  the  operation  of 
wicket  vanes. 

The  climate  and  the  geological  formation  are  both 
adverse  factors.  The  temperature  of  the  air  varies  from 
36  to  126  degrees  F.,  making  the  expansion  of  one-half 
mile  of  pipe  line  a  problem  of  some  moment.  The  pro- 
file of  the  pipe  line  traverses  a  rock  slope  of  such  hard- 
ness that  trenching  would  be  prohibitive.  Offsetting 
these  rather  extreme  hydraulic  conditions  was  the  econ- 
omy of  abstracting  power  from  water  necessarily  sup- 
plied to  the  Grand  Canal,  as  well  as  the  advantages  of 
having  a  power  house  at  the  load  center. 

FOREBAY    AND    INTAKES 

The  terminus  of  Cross  Cut  Canal  was  expanded  into 
a  forebay,  having  a  spillway  344  feet  in  length.  The 
forebay,  the  headgate  settings,  pressure  pipes,  power 
house,  including  all  water  passages,  transformer  houses 
and  switch  rooms,  are  constructed  of  reinforced  con- 
crete, the  whole  structure  being  virtually  a  monolith. 

The  pipe  line  intakes  are  rectangular,  tapering  to  cir- 
cular sections,  where  a  butterfly  valve  is  set  in  each  pipe 
line.  Normally  these  valves  are  operated  by  hand,  but 
emergency  operation  from  the  power  house  is  possible 
through  a  pneumatic-oil  system  controlled  by  a  com- 
pressed air  line.  This  system  provides  for  closure  only 
and,  with  a  pressure  of  125  pounds  in  the  air  reservoir  at 
the  power  house,  the  gate  can  be  closed  in  40  seconds. 

The  pressure  pipes  are  designed  for  a  maximum 
static  pressure  of  no  feet;  both  are  seven  feet  in  diam- 
eter, the  east  pipe  being  2240  feet  in  length  and  the  west 
pipe  2247  feet  in  length.  The  pipe  lines  are  anchored 
to  the  rock  by  means  of  reinforced  rods  grouted  in  the 
drilled  holes.  After  the  pipe  line  structure  was  com- 
pleted and  the  concrete  seasoned  it  was  covered  with 
earth. 

POWER    HOUSE 

The  power  house  was  built  to  conform  to  the  topog- 
raphy of  the  site.  The  generator  room  is  176  feet 
by  42  feet.  The  entire  station,  which  is  63  feet  high 
on  the  tailrace  side,   is  built  on   solid  rock.     It  con- 
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sists  virtually  of  two  complete  systems  under  one  roof, 
each  pipe  line  connecting  to  its  units  by  a  manifold  with- 
out any  provision  for  intercommunication.  Each  mani- 
fold supplies  three  main  units,  one  exciter  unit  and  one 
governor  oil-pump  unit. 

TYPE   OF    WATER    WHEEL 

The  chief  technical  feature  of  this  installation  is  the 
unusual  type  of  water  wheel  installed.  The  physical  and 
chemical  characteristics  of  the  water  have  proven  so 
detrimental  to  turbine  installations  on  the  other  portions 
of  the  project  that  the  wicket  gates  and  runners  require 
replacement  every  three  or  four  years.  With  the  ordi- 
nary types  of  impulse  wheels  under  an  operating  head 
of  only  III  feet,  the  maximum  power  that  could  be  de- 
veloped in  a  single  runner  unit  would  not  be  in  excess 
of  400  hp.  With  7000  hp  available,  it  is  obvious  that 
units  of  400  hp  would  result  in  an  extremely  unwieldly 
power  house  of  high  first  cost  per  kw. 

A  vertical-shaft,  single-runner,  multiple-nozzle  Pel- 
ton  unit  of  1000  hp  capacity  was  finally  decided  upon. 


water.  This  reduces  the  net  head  to  107  feet,  requiring 
a  wheel  efficiency  of  80  percent  in  order  to  meet  the 
guarantee.  During  storm  periods  these  units  have  been 
operated  satisfactorily  with  tail-water  clearance  of  12 
inches. 

A  single  steady  bearing  set  in  a  framework  sus- 
pended in  the  bottom  opening  of  the  shaft  well  is  used. 
Each  steady  bearing  is  grease-lubricated  by  an  individual 
motor-driven  oil  pump  set  on  the  power  house  floor. 

The  total  weight  of  the  generator  rotor  and  water- 
wheel  shaft  is  46  000  pounds,  and  is  carried  by  a  Kings- 
bury thrust  bearing  mounted  on  top  of  and  supported  by 
the  generator  frame. 

GOVERNOR   OIL   SYSTEM 

Pelton-Doble  vertical-type  oil-pressure  governors 
actuate  the  deflectors.     The  governor  oil  equipment  is 


This  consists  of  a  vertical-shaft  unit  with  six  nozzles  set 
at  equal  distances  about  the  periphery  of  the  runner. 
The  moving  element  is  of  sufficient  strength  to  permit 
operation  with  any  combination  of  nozzles  from  one  to 
six.  Changing  the  number  of  nozzles  in  accordance  with 
the  amount  of  water  available  or  the  load  produces  a 
practically  straight-line  efficiency  curve.  Variations  less 
than  one-sixth  of  the  total  load  are  taken  care  of  by  the 
deflectors,  one  for  each  nozzle.  By  this  method  of  regu- 
lation there  is  no  interference  with  the  stream  flow,  a 
highly  essential  factor  in  this  installation.  The  water 
for  each  nozzle  is  controlled  by  an  oil-operated  poppet- 
type  valve  set  in  the  upper  opening  of  the  nozzle  body. 
The  operation  of  these  valves  is  controlled  by  means  of 
hand-operated  pilot  valves,  the  stems  of  which  are 
threaded  with  an  unusually  small  pitch.  Quick  opening 
or  closing  of  the  valves  is  prevented  in  this  manner. 

In  order  to  avoid  interference  from  high  tail  water, 
the  pitch  line  of  the  runner  is  set  three  feet  above  tail 


FIG.    I — THE   SALT   RIVER  PROJECT  IN   ARIZON.\ 

The  Cross  Cut  Canal  connect.s  the  Arizona  with  the  Grand 
Canal.  Power  Plant  No.  3  is  the  Cross  Cut  power  plant.  Sev- 
eral additional  line  extensions  have  been  made,  the  most  notable 
being  the  one  to  Globe,  which  is  28  miles  from  Livingstone. 

installed  in  duplicate  and  is  placed  in  a  pit,  which  is  at 
the  center  of  the  tailrace  side  of  the  generator  room. 

Each  oil  set  consists  of  a  Pelton-Doble  water  motor 
with  a  two-stage  positive  displacement  rotary  oil  pump, 
mounted  on  the  water  motor  shaft,  one  stage  being 
placed  on  either  side  of  the  runner.  Automatic  control 
of  the  oil  set  is  provided  through  an  oil-operated  needle 
nozzle  governed  by  the  height  of  the  oil  in  the  pressure 
reservoir.  The  pressure  reservoirs  of  each  set  have  a 
capacity  of  400  gallons,  while  the  steel  sump  tanks  are 
of  5000  gallons  capacity.  The  pump  and  the  filter  of  the 
lubricating  oil  system  are  likewise  placed  in  this  pit. 
The  storage  tank  for  the  lubricating  system  is  set  under 
the  roof  of  the  transformer  house. 

GENERATORS 

The  six  main  units  are  three-phase,  25  cycle,  1 1  000 
volt  Westinghouse  generators,  rated  at  875  k.v.a.  at  80 
percent  power- factor,  and  operate  at  94  r.p.m.  These 
are  of  the  umbrella  pattern  revolving  field  type.  Eleven 
kilovolt,    cambric-insulated,    single-conductor   cables    in 
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paper  conduits  embedded  in  the  concrete  run  from  the 
generators  to  the  switching  apparatus  on  the  rear  wall  of 
the  switch  house. 

The  exciters  are  driven  by  Pelton-Doble  water 
wheels  of  a  design  identical  with  that  of  the  larger  units, 
and  are  rated  at  200  kw,  125  volts,  when  operating  at 


FIG.  2 — SPILLW.W  OF  THE  CROSS  CUT  C-\N.\I, 

150  r.p.m.  Kingsbury  thrust  bearings  are  mounted  on 
top  of  the  exciter  frame  in  much  the  same  manner  as  in 
the  case  of  the  main  unit.  The  equalizer  switches  are 
also  mounted  on  the  exciter  frame. 

SWITCHBOARD    EQUIPMENT 

The  switchboard  is  on  a  reinforced  concrete  gallery, 
and  consists  of  twelve  three-section  panels,  six  generator 
panels,  one  totalizing  panel,  two  11 000  volt  feeder 
panels,  one  45  000  volt  panel  and  two  transformer 
panels.  At  one  end  of  the  gallery  is  an  auxiliary  switch- 
board for  the  exciter  units  and  direct-current  service. 
This  switchboard  is  set  at  right  angles  to  the  main 
switchboard.  The  generator  panels  carry  two  ammeters 
and  one  wattmeter  on  the  vertical  panel.  The  bench 
panel  carries  the  manual  operator  for  the  selector 
switches  and  the  governor  variation  controller,  as  well 
as  the  customary  bus-bar  plan  and  pilot  lamp  lenses. 

Single-throw,  electrically-operated  oil  switches  arc 
used  for  the  selector  switches,  thus  permitting  each 
generator  to  feed  into  either  bus.  The  base  panel  car- 
ries two  single-phase  overload  relays  and  the  hand 
wheels  for  the  generator  rheostats.  The  grids  for  the 
rheostats  are  mounted  in  the  transformer  room  imme- 
diately back  of  the  switchboard,  and  are  arranged  for 
forced  ventilation  during  hot  weather.  As  a  reinforced 
concrete  wall  intervenes  between  the  grids  and  the  gen- 
erator room,  the  heat  emanated  does  not  affect  the  tem- 
perature of  the  generator  room,  a  feature  of  some 
moment  in  view  of  the  very  high  air  temperatures  dur- 
ing the  summer  months.  The  synchroscope,  volt- 
meter, power-factor  meter  and  frequency  meter  are 
mounted  on  a  swinging  bracket  at  the  end  of  the  switch- 
board. The  totalizing  panel  carries  on  its  back  panel 
two  graphic  voltmeters  and  two  graphic  wattmeters. 
The  bench  panel  carries  the  voltmeter  plugs  and  a  resist- 
ance controller  for  the  Tirrill  regulator,  while  the  base 
panel  has  two  recording  wattmeters  of  switchboard 
type. 

Each  of  the  transformer  panels  controls  two  sets  of 
transformers.  The  bench  panel  carries  eight  manuals  for 


operating  the  single-throw,  remote-control,  electrically- 
operated  oil  selector  switches,  which  permit  either  or 
both  sets  of  transformers  to  be  connected  to  either  or 
both  bus-bars.  The  base  panel  carries  four  single-phase 
overload  relays,  two  for  each  set  of  transformers.  The 
feeder  panels  are  each  arranged  to  handle  two  circuits. 
Panel  No.  i  controls  a  11  000  volt  line  running  to  the 
Chandler  substation,  and  is  also  the  receiving  panel  for  a 
1000  k.v.a.,  II  000  volt  line  from  the  Arizona  Falls 
power  house.  Panel  No.  2  controls  the  11  000  volt  cir- 
cuit feeding  the  Mesa  substation.  The  back  of  each 
feeder  panel  carries  six  ammeters,  while  the  bench  panel 
has  four  manuals  for  controlling  the  single-throw  se- 
lector switches.  The  base  panel  is  fitted  with  four 
single-phase  overload  relays. 

The  high-voltage  panel  is  designed  to  handle  two 
lines,  known  respectively  as  the  "North"  and  "South" 
line,  connecting  these  lines  to  either  of  two  high-voltage 
bus-bars.  The  back  panel  carries  seven  ammeters,  one 
ammeter  in  each  lead  of  the  high-voltage  circuit,  and  the 
seventh  ammeter  in  the  grounded  neutral.  The  bench 
panel  has  four  manuals  for  controlling  the  single-throw 
selector  switches.    The  base  panel  is  blank. 

The  auxiliary  board  consists  of  three  panels.  Nos.  i 
and  2  are  the  exciter  panels  carrying  a  voltmeter,  an  am- 
meter and  a  double-pole,  double-throw  main  switch,  and 
two  manuals  for  generator  field  switches.  No.  i  carries 
in  addition  a  double-throw  switch  for  controlling  the  bus 
for  the  electrically-operated  apparatus,  while  the  No.  2 


FIG.  3 — CROSS   CUT  POWER  HOIM 

panel  carries  a  double-pole,  double-throw  switch  con- 
trolling the  station  lighting  panel.  The  No.  3  panel  is 
the  regulator  panel  and  has  mounted  on  it  a  compound 
Tirrill  regualtor,  consisting  of  two  sections  of  ten  points 
each,  as  well  as  two  manuals  for  the  double-pole,  double- 
throw  generator  field  switches,  which  are  operated  by  a 
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remote-control,  bell-crank  manual  system.  The  direct- 
current  busses  are  in  duplicate  and  are  carried  on  a  pipe 
framework  with  porcelain  supports. 

Both  switchboards  are  made  of  black  Vermont  mar- 
ble. All  remote  control  and  instrument  wiring  of  the 
main  board  is  carried  on  the  back  of  the  board,  which 


The  bus-bars  are  of  the  double-loop  type,  and  are 
mounted  in  the  outer  bays,  thus  providing  a  wide  separa- 
tion for  the  two  sides  of  the  bus-bar  system.  The  con- 
tactors and  oil  tanks  are  mounted  in  the  outer  bay,  while 


is  entirely  housed  by  a  sheet  steel  covering  attached  to 
the  angle-iron  frame.  This  isolates  the  wiring  of  each 
panel,  effectually  preventing  interference  and  greatly 
lessening  the  fire 
hazard. 


SWITCH    HOUSE 

The  switch 
house  is  con- 
structed  in  two 
stories,  the:  lower 
story  given  over  to 
the  low-  voltage 
switches  and  the 
upper  story  to  the 
high -voltage 
switches. 

The  low  -  volt- 
age switchroom  is 
divided  into  three 
bays ;  the  generator 
leads  and  the  out- 
go i  n  g  leads  are 
brought  into  the 
middle  bay.  Air- 
break  disconnecting  switches  are  mounted  on  curtain 
walls  suspended  from  the  ceiling,  while  the  oil  selector 
switches  are  mounted  on  curtain  walls  built  up  from  the 
floor.  These  curtain  walls  are  four  inches  thick,  rein- 
forced with  three-fourth-inch  rods,  and  were  poured 
monolithic  with  the  floor  and  walls  of  the  building. 


VK.  5 — PLAN  OF  TRANSFORMER  AND   SWITCH  ROOMS   AND  SWITCHBO.\RD  GALLERY 


— TRANSVERSE  SECTION  THROUGH   CROSS  CUT  POWER  HOUSE 

the  tripping  mechanism  is  mounted  in  the  inner  bay. 
Each  group  of  switches  is  separated  from  the  neighbor- 
ing group  by  a  two-inch  monolithic  curtain  wall.  The 
low-voltage  bus-bars  are  suspended  from  the  ceiling  by 
standard  bus-bar  type  insulators. 

Two  45  ooo  volt  and  four  1 1  ooo  volt  electrolytic 
lightning  arresters  provide  protection  against  transient 
electrical  phenomena,  which  are  frequent  at  certain  sea- 
sons of  the  year.  An  oil-testing  set  is  set  up  in  the 
low-voltage  switch  room.  Periodic  tests  of  trans- 
former oils  and  switch  oils  are  conducted. 

The  current  and 
potential  trans- 
formers  are  set  in 
open  front  cells, 
along  the  back  wall 
of  the  switch  house, 
the  potential  trans- 
formers  being 
placed  on  the  floor 
and  the  current 
transformers 
mounted  on  the 
wall. 

A  1 1  disconnect- 
ing switches  are 
mounted  on  a 
framework  s  u  p  - 
ported  by  a  four- 
inch  r  e  i  n  f  o  reed 
curtain  suspended 
from  the  ceiling, 
while  the  oil 
switches  are  set  on  the  floor.  The  high-voltage  bus- 
bars are  carried,  two  on  the  wall,  and  the  third  sus- 
pended from  a  curtain.  The  45000  volt,  300  ampere, 
single-phase,  remote-control  switches  are  electrically- 
operated,  with  automatic  excess  current  trips  actuated 
by  series  relays. 
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Separation  of  the  busses  by  the  width  of  the  switch 
house  and  the  group  method  of  switch  arrangement 
permit  any  circuit  or  group  of  equipment  to  be  isolated 
physically  as  well  as  electrically  when  inspection  is  nec- 
essary. 

TRANSFORMER    EQUIPMENT 

The  transformer  room  is  between  the  generator 
room  and  the  switch  rooms  proper.     It  contains  four 


FIG.  6 — INTERIOR  VIEWS  OF  POWER   HOUSE 

groups  of  three  single-phase,  500  k.v.a.,  23  loo/io  500- 
II  000-11  5(X)  volt  transformers,  connected  in  delta  on 
the  low-tension  side.  Each  group  is  in  a  cell  of  four- 
inch  curtain  walls  reinforced  with  twisted  rods,  with  one 
side  open.  Cooling  water  is  obtained  from  a  tower  at 
the  rear  of  the  power  house.  The  water  flows  by  gravity 
through  the  transformers  and  into  a  sump  built  in  the 
machine  shop.  A  centrifugal  pump  elevates  the  water 
from  this  sump  into  the  cooling  tower,  where  it  is  dis- 
charged through  spray  nozzles.  Make-up  water  is  ob- 
tained from  a  nearby  well. 


In  order  to  determine  the  bonus  or  penalty  in  ac- 
cordance with  the  terms  of  the  contract,  a  test  was  run 
on  January  16,  1916,  for  the  purpose  of  determining  the 
actual  efficiency  of  the  water  wheels.  One  unit  was  se- 
lected for  test.  The  factory  test  of  the  generator  was 
accepted  as  a  means  of  determining  its  mechanical 
input. 

An  unusual  method  of  loading  the  generator  under 
test  was  used.  One  generator  was  reversed  in  phase 
direction  and   connected  to  an   isolated  bus,   to   which 


was  connected  the  unit  to  be  tested.  On  starting  up  the 
unit  under  test,  the  reversed  generator  was  brought  up 
to  speed  as  a  synchronous  motor.  Water  was  then 
turned  into  the  nozzles  of  the  motoring  generator  and, 
striking  into  the  bowls  of  the  backward-turning  buckets, 
it  provided  a  brake  capable  of  accurate  control.  In  all, 
this  generator  and  water  wheel  were  operated  backward 
for  two  days. 

The  water  was  measured  in  the  tailrace  by  means  of 
a  weir,  with  current  meters  for  determining  the  velocity 
of  approach  in  both  the  forebay  and  the  tailrace.  The 
head  was  determined  by  laboratory  type  pressure  gages, 
while  the  electrical  output  was  determined  by  precision 
type  instruments.  The  final  computation  showed  an  over- 
all efficiency  from  headwater  to  tailwater  of  79.26  per- 
cent, or  4.26  percent  in  e.xcess  of  the  contact  require- 
ments, and  equivalent  to  a  water  wheel  efficiency  of  83 
percent,  which  compares  very  favorably  with  a  Francis 
turbine  unit  of  the  same  size  and  operating  under  sim- 
ilar head. 

In  spite  of  its  completeness  and  the  unusual  amount 
of  apparatus  installed  in  order  to  insure  maximum  flexi- 
bility, the  unit  cost  of  the  entire  station  was  compara- 
tively low,  being  slightly  less  than  $88  per  k.->'.a.  maxi- 


FIG.  7— HIGH-VOI,T.\CE  OIL  SWITCHES  AND  OVERLOAD  RELAYS   (LEFT)  ; 
AND  LOW-VOLTAGE  SWITCH  ROOM    (RIGHT) 

mum  rating.  The  plant  has  proven  very  satisfactory  in 
operation,  one  operator  on  each  eight-hour  shift  proving 
sufficient.  In  addition,  a  chief  operator  in  general  charge 
and  a  janitor  are  kept  on  duty,  making  a  total  of  five 
men  as  the  entire  operating  crew. 
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WHEN  a  gas  is  in  an  ionized  condition  and  passes 
an  electrostatic  field  its  ions  begin  to  travel  at 
a  high  velocity  in  the  direction  of  one  or  the 
other  of  the  electrodes  causing  the  field.  If  the  elec- 
trodes are  charged  to  a  high  potential  they  become  the 
ionizing  agents  as  well  as  the  source  of  the  propelling 
force.  These  highly  charged  ions  are  continually  bom- 
barding any  solid  particle  that  may  be  in  the  field  and 
impart  a  charge  of  like  potential  to  the  particle,  which 
in  turn  begins  to  travel  toward  the  electrode  of  oppo- 
site polarity.  If  one  of  the  electrodes  is  a  sharp  point 
or  a  small  wire,  a  greater  stress  is  set  up,  resulting  in 
greater  ionization  from  this  electrode  only.  Thus  the 
gas  receives  a  static 
charge  of  tLi^  same 
polarity.  A  striking 
illustration  of  the 
ionization  due  to 
points  is  shown  by 
the  old  experiment 
of  blowing  out  a 
candle  by  means  of 
a  highly  charged 
needle. 

Practical  advan- 
t  a  g  e  is  taken  of 
these  principles  in 
electrical  precipita- 
tion. The  gases  to 
be  treated  are 
caused  to  traverse 
metallic  tubes  at  a 
velocity  not  greater  than  12  feet  per  second.  Each  of 
these  tubes  becomes  an  electrode,  while  the  other  elec- 
trode is  formed  by  a  fine  wire  stretched  along  its  central 
axis.  A  unidirectional  potential  of  from  25  000  to 
250  000  volts  is  applied,  charging  the  solid  or  liquid  par- 
ticles in  the  gas  and  causing  them  to  be  deposited  on  the 
inner  surface  of  the  tube.  The  dust  is  collected  at  in- 
tervals by  vibrating  the  tubes  and  thus  shaking  the  dust 
down  into  bins.  At  these  times  both  the  current  and  the 
gases  are  shut  off  from  the  section  of  tubes  being 
cleaned. 

HISTORICAL 

That  dust  suspended  in  gases  could  be  removed  by 
electrical  discharge  was  suggested  nearly  a  century  ago. 
In  more  recent  years  Sir  Oliver  Lodge  rediscovered  the 


FIG.    1 — PL.\NT   OF   THE   INTERNATIONAL    SMELTING   COMPANY 

The  roaster  plant  containing  the  precipitation  equipment  is  the  central  building 
with  the  small  chimneys  immediately  to  the  right  of  the  central  tall  stack. 


*A   small   part    of    this    article   originally   appeared    in    an 
article  by  the  author  in  the  Minnesota  Engineer. 


same  phenomena  and  suggested  its  application  to  purify- 
ing the  atmosphere  and  eliminating  soot  or  other  objec- 
tionable matter  from  smoke.  The  first  attempt  to  use 
the  principle  commercially  was  made  at  the  Dee  Bank 
Lead  Works  in  1885.  Wimshurst  influence  machines 
were  used  as  the  source  of  electrical  energy.  These  ma- 
chines lacked  the  requisite  capacity  and  stability  of 
potential,  and  hence  the  first  patents  were  allowed  to 
expire  without  successful  use.  Twenty  years  later  Sir 
Oliver  Lodge  again  revived  interest  in  the  subject  by 
patenting  the  use  of  the  new  mercury  arc  rectifier  as 
applied  to  the  electrical  precipitation  of  suspended  par- 
ticles.    It  remained,  however,  for  Prof.  F.  G.  Cottrell, 

of  the  University 
1  of  California  fur- 
ther to  develop  the 
process.  Following 
e  X  t  ensive  labora- 
t  o  r  y  experiments, 
li  e  succeeded  i  n 
having  his  inven- 
tion installed  in  the 
I  )uPont  Powder 
t  ompany's  plant  at 
.^an  Francisco  for 
precipitating  sul- 
phuric acid  mists. 
The  process  was 
soon  after  adopted 
by  the  Selby  Smelt- 
ing &  Lead  Com- 
])any,  at  San  Fran- 
cisco, whose  chimney  gases  had  become  a  nuisance  be- 
cause they  contained  so  much  sulphuric  acid,  arsenic  and 
lead  salts. 

Preliminary  experimentation  was  necessary  at  both 
of  these  plants  and  many  disappointments  and  obstacles 
were  met  and  overcome  before  these  plants  were  oper- 
ating successfully.  Electrical  precipitation  is  now  used 
or  being  installed  at  the  following  plants:  Washoe 
Smelter,  Anaconda,  Mont.;  Garfield  Smelter,  Garfield, 
Utah;  Raritan  Refinery,  Perth  Amboy,  N.  J.;  Omaha 
Smelter,  Omaha,  Neb. ;  Goldschmidt  Detinning  Com- 
pany, Chicago,  111. ;  International  Smelter,  Tooele,  Utah, 
and  the  Trail  Smelter  in  British  Columbia.  At  most  of 
these  plants  the  recovery  of  copper,  gold,  silver  or  lead 
values  is  sought.  At  Anaconda  electrical  precipitation  is 
used  to  collect  white  arsenic  or  AS0O3.  Two  treaters  in 
series  are  used  and  the  dust  is  separated  from  the  arsenic 
by   fractional  precipitation.     The  gases  enter  the  first 
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treater  hot  and  the  dust  is  collected.  By  admission  of 
air  the  gases  are  then  cooled  from  310  to  90  degrees  C, 
and  in  the  second  heater  pure  white  arsenic  is  collected. 
Fractional  precipitation  thus  eliminates  the  refining  fur- 
nace formerly  necessary.     At  Anaconda  another  very 


nr..    2 — PRECIPITATION    PLANT   OF   THE    INTERNATUlXAI. 
SMELTING   COMPANY 

Treating  the  gases  from  the  roasting  furnaces. 
large  installation  is  also  being  made  to  handle  the  gases 
from  the  roasters. 

At  the  Bureau  of  Mines  station  at  Pittsburgh  an  in- 
teresting installation  is  used  to  precipitate  soot  from 
boiler  gases.  One  of  the  earliest  plants  was  built  by  the 
Riverside  Portland  Cement  Company  in  California, 
where  900  000  cu.  ft.  of  gas  per  minute  are  being  treated 
and  about  90  tons  of  cement  dust  precipitated  per  day. 
The  wide  application  of  the  process  is  also  shown  by  a 
recent  installation  for  the  precipitation  of  powdered 
food,  such  as  powdered  milk  or  cream  and  powdered 
eggs ;  also  in  the  removal  of  tar  from  illuminating  gas 
and  recovering  chlorine  in  bleaching-powder  works. 

INSTALLATION   AT   MIAMI 

Two  precipitation  plants  are  installed  at  this  smelter, 
one  of  which  treats  the  gases  from  the  roasting  or  dry- 
ing furnaces  and  the  other  treats  the  converter  flue  gases. 
The  main  object  of  both  of  these  installations  is  to 
recover  the  copper  which  would  be  lost  if  these  gases 
were  discharged  directly  into  the  atmosphere.  At  most 
modern  copper  plants  this  saving  has  been  accomplished 


by  building  enlargements  in  the  flue,  or  large  dust-set- 
tling chambers.  But  experience  has  demonstrated  that 
a  more  complete  recovery  inay  be  obtained  by  electro- 
static precipitation. 

A  cross-section  through  the  roasting  plant  is  shown  in 
Fig.  2.  The  precipitation  apparatus  is  mounted  over  the 
drying  furnaces  and  is  provided  with  12  chimneys,  30 
inches  in  diameter  by  30  feet  high,  for  discharging  the 
treated  gases  into  the  air.  This  arrangement  was  chosen 
over  the  alternative  scheme  of  bringing  the  gases  down 
to  treaters  on  the  ground  level.  A  single  chimney  con- 
ducts the  treated  gases  away  and  provides  draft. 

The  electrode  tubes  are  13  inch  welded  steel  pipes  15 
feet  long.  They  are  belled  outward  or  "Vanstoned"  at 
each  end  to  reduce  the  brush  discharge  at  these  points. 
Twenty  of  these  tubes,  together  with  other  accessories, 
make  up  a  unit,  which  has  its  own  gas  intake,  chimney 
and  electrical  connections.  The  gas  can  be  shut  off  from 
one  of  these  units  by  means  of  dampers,  the  switches 
opened  and  the  tubes  vibrated  by  means  of  mechanical 
hammers  to  shake  the  collected  dust  into  a  hopper  be- 
neath.   Twelve  such  units  comprise  this  plant. 

The  other  and  ungrounded  electrode  is  a  No.  20 
nickel-chrome-steel  alloy  wire.  A  light  steel  frame,  sup- 
ported on  insulators,  enters  the  hood  through  glass  win- 
dows. One  such  frame  is  used  at  the  top  to  support  the 
electrode  wires, 
which  are 
spaced  at  t  h  e 
bottom  b  y  a 
similar  frame. 
A  five  -  pound 
weight  at  the 
bottom  of  each 
w  i  r  e  holds  it 
taut. 

The  gas  con- 
sists almost  en- 
tirely of  air 
w  i  t  h  a  high 
percentage  o  f 
w  a  t  e  r  vapor 
and  carlion  di- 
oxide, at  a  tem- 
p  e  r  a  t  ure  of 
about  80  de- 
grees C.  The 
gas  also  is  per- 
meated with  a 
fine  dust  carry- 
i  n  g  about  25 
I)ercent  copper. 
About  five  tons 
of  this  dust  are 
collected  per  day.  The  efficiency  obtained  is  practically 
100  percent;  no  visible  material  can  be  seen  escaping 
from  the  exit  stacks  under  normal  operation. 

No  trouble  is  experienced  in  the  operation  of  this 
plant,  provided  a  temperature  is  maintained  sufficiently 


FIG.    3 — PRECIPITATION    PLANT    AT    MIAMI, 
ARIZON.\ 

Treating  the  converter  flue  gases  directly. 
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high  to  prevent  the  condensation  of  moisture  in  the 
tubes.  Such  moisture  would  not  only  make  the  precip- 
itate a  sticky  mud,  which  would  be  difficult  to  dispose  of  ; 
but,  together  with  any  sulphur  trioxide  which  is  certain 
to  be  present  in  small  quantities,  would  hasten  the  de- 
struction of  the  treater  itself  by  corrosion. 

CONVERTER   PLANT 

This  gas  differs  from  the  roaster  gas  by  having  the 
higher  temperature  of   about  400  degrees   F.   and  by 
being  dry  and  containing  a  large  percentage  of  SOj  and 
SO3.     In  order  to  treat  the  larger  volume  of  gas  the 
Transfomier  uuits  wcre  made  to 

include  32  thirteen- 
inch  tubes  each.  The 
five    converters    de- 
^'jy^r/  '  liver  their  gases   to 

C(^^mXy  I  one  common  header 

flue.  The  24  units 
of  the  precipitation 
plant  draw  their  gas 
from  this  flue  and 
disc  harge  upward 
into  another  c  o  m- 
mon  header,  which 
leads  to  a  15  by  200  foot  chimney.  As  in  the  dryer 
plant,  the  collected  dust  is  shaken  down  into  bins  located 
over  standard-gauge  tracks.  A  covered  and  dust-tight 
larry  car  transports  the  dust  directly  over  the  reverbera- 
tory  charge  hoppers,  through  which  the  dust  passes  into 
the  furnaces.  The  velocity  of  the  gas  is  six  feet  per 
second,  based  on  a  total  volume  of  250000  cu.  ft.  per 
minute. 

The  principle  change  made  in  the  treaters  since  the 
original  installation  has  been  the  housing  in  of  the 
treater  units  with  corrugated  iron  placed  about  each  set 


FIG.  4 — ELECTRIC.\L  CONNECTIONS  OF 
APPARATUS 

Used  in  the  converter  plant  of  Fig.  3 


of  tubes.  The  reasons  for  doing  this  were  three- fold: — 
First,  it  was  found  that  the  wind  chilled  the  tubes  on 
one  side,  which  caused  most  of  the  gases  to  pass  up  the 
tubes  on  the  other  side  of  the  treater.  This  unequal  dis- 
tribution of  gas  is  cumulative,  the  hot  tubes  becoming 
still  hotter  due  to  the  large  volume  of  hot  gases  going 
through  them,  while  the  cold  ones  soon  cooled  ofT  en- 
tirely and  took  no  gas  at  all.  This  effect  is  being 
avoided  in  the  latest  installations  by  adopting  "down 
draft"  tubes,  in  which  this  eflfect  of  chilled  tubes  is  self- 
corrective  instead  of  being  cumulative.  Second,  the 
chilling  of  the  dryer  gas  condensed  moisture  and  sul- 
phuric acid  on  the  tubes,  as  referred  to  above,  is  entirely 
obviated  by  housing  them  in.  Third,  in  the  converter 
plant  the  maximum  of  draft  is  desirable  and  can  be 
obtained  only  by  keeping  the  gas  entering  the  main  stack 
as  hot  as  possible. 

ELECTRICAL    .\PPARATUS 

In  order  to  obtain  a  unidirectional  current  at  from 
60000  to  100  000  volts,  a  rotary  switch  is  used  to  rec- 
tify the  current  of  a  high-potential  transformer.  Two 
arms  carrying  a  segment  of  copper  plate  at  each  end  are 
mounted  on  a  shaft  at  right  angles  to  each  other,  as  in 
Fig.  4.  The  arms  are  insulated  from  the  shaft  and  from 
each  other  and  revolve  between  the  adjustable  brushes, 
which  clear  the  plates  by  a  half  inch.  Electrical  syn- 
chronism is  obtained  by  driving  an  alternating-current 
generator  directly  connected  to  the  switch.  This  gener- 
ator furnishes  the  primary  current  of  the  transformer 
as  well  as  the  means  of  voltage  control  by  variation  of 
field  resistance.  The  generators  and  transformers  each 
have  a  capacity  of  15  k.v.a.  There  are  eight  of  these 
electrical  sets  operating  at  about  two-thirds  capacity,  be- 
sides two  spare  units.  This  means  a  power  consump- 
tion of  16  watts-seconds  per  cubic  foot  of  gas  treated. 


Electric  Mine  Hoists 


Graham  Bright 


WHEN  the  various  coal  and  metal  mines  in  this 
country  each  had  their  own  isolated  power 
plants  there  was  little  incentive  to  install  elec- 
tric hoists.  The  boiler  plant  had  to  be  of  the  same 
capacity  whether  the  hoist  was  driven  by  a  steam  engine 
or  a  motor  taking  power  from  a  generating  plant  of 
which  the  boilers  were  a  part.  The  boilers,  moreover, 
had  a  great  overload  capacity  due  to  their  storage  ca- 
pacity, while  a  generating  system  might  be  very  seri- 
ously disturbed  by  the  sudden  peak  loads  which  are 
characteristic  of  most  hoisting  plants.  The  advent  of 
central  station  power  has  changed  the  situation  to  a 
marked  degree.  It  took  the  mining  companies  some  time 
to  realize  that  they  could  purchase  power  from  a  central 
station  cheaper  than  they  could  make  it  themselves.  The 
central  stations  were  partly  to  blame  for  this,  as  they 
were  not  sufficiently  active  in  presenting  convincing 
arguments  and  rate  schedules  to  the  mining  companies. 


The  use  of  central  station  power  has  now  become  so 
widespread  throughout  mining  communities  that  there 
is  no  longer  any  question  as  to  the  feasibility  of  its  use 
and  the  benefits  obtained. 

In  some  cases  steam  hoists  are  converted  into  electric 
hoists  by  removing  the  connecting  rods,  and  coupling  or 
gearing  a  motor  to  one  or  both  of  the  crank  discs.  Care 
should  be  taken  in  making  a  change  of  this  kind  to  be 
sure  that  the  hoist  parts  are  sufficiently  strong  to  stand 
the  strains  that  may  be  obtained  when  using  a  motor.  In 
many  cases  the  strains  are  considerably  in  excess  of  the 
maximum  that  could  be  obtained  when  using  steam 
power.  If  the  hoist  is  old  and  in  poor  condition  it  is 
usually  much  better  to  scrap  or  sell  it  and  purchase  an 
entirely  new  electric  hoist. 

Several  systems  are  in  use  for  electric  hoisting,  and 
the  proper  one  to  use  depends  largely  on  the  power  con- 
ditions and  the  characteristics  of  the  hoist  itself.     The 
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fact  cannot  be  emphasized  too  strongly  that  each  hoist- 
ing installation  is  a  separate  problem  in  itself,  and  no 
general  rules  can  be  laid  down  to  determine  the  proper 
system  and  capacity  of  the  equipment  necessary. 

Purchased  power  is  usually  available  at  2200  or  440 
volts,  three-phase,  60  cycles  and,  when  the  rope  speed  is 


reduction  allows  the  use  of  a  fairly  high-speed  motor 
with  a  single  gear  reduction.  The  high-speed  induction 
motor  is  cheaper  and  has  a  better  efficiency  and  power- 
factor  than  a  slow-speed  motor. 

It  has  been  found  that  the  best  practice  for  coupling 
the  motor  to  the  drums  is  for  the  electrical  manufacturer 


FIG.    I — HOIST   INSTALLED   AT   THE   NORTH   BUTTE    MINING   COMPANY, 
BUTTE,  MONTANA 

This  is  the  largest  electric  hoist  in  America, 
not  too  high  and  the  power  system  can  stand  the  peak 
loads  imposed,  the  alternating-current  wound  rotor  in- 
duction motor  is  the  most  satisfactory  in  regard  to  first 
cost,  operating  conditions  and  power  consumption.  The 
capacity  of  hoist  motors  ranges  from  25  to  1800  horse- 
power. For  the  small  sizes  up  to  about  150  horse-power 
the  standard  drum  controller  is  generally  used.  For  the 
intermediate  sizes,  from  150  to  500  horse-power,  the 
magnetic  switch  type  of  controller  is  used.  This  con- 
troller has  magnetic  switches  in  both  primary  and  sec- 
ondary controlled  by  a  master  controller.  For  motors 
larger  than  500  horse-power,  the  liquid  rheostat  is  used 
in  the  secondary,  while  magnetic  switches  are  used  in  the 
primary  for  re- 
versing. The  rea- 
son for  using  the 
liquid  rheostat  for 
large  motors  is  that 
the  currents  be- 
come too  heavy  for 
magnetic  switches 
and  a  much 
smoother  control  is 
obtained.  In  most 
cases  the  alternat- 
ing -  current  motor 
is  geared  to  the 
drum  shaft  by 
means  ot  single  re- 
duction her  ring- 
bone gears.  These 
gears  have  helped 
the  hoisting  situa- 
tion to  a  very  marked  degree  in  that  much  higher  gear 
reductions  can  be  utilized  than  is  advisable  with  ordinary 
spur  gears.  With  spur  gearing  the  maximum  reduction 
that  can  be  obtained  with  good  practice  is  about  8  to  i. 
With  herringbone  gears  a  maximum  reduction  of  15  to  i 
has  been  obtained  with  little  difficulty.    This  higher  gear 


FIG.    2 — MOTOR-GENERATOR    FLYWHEEL    SET,    LIQUID    SLIP   REGULATOR, 
AND  CONTROL  PANELS  OF  THE  HOIST  SHOWN  IN  FIG.  I 

to  furnish  a  two-bearing  motor  and  for  the  hoist  builder 
to  connect  this  motor  to  the  hoist  through  a  flexible 
coupling. 

Where  direct-current  power  is  available  the  same 
general  type  of  control  is  used  to  vary  the  speed  of  the 
motor  by  inserting  resistance  in  the  armature  circuit. 
Direct-current  hoist  motors  larger  than  300  horse-power 
are  seldom  used  with  a  constant-voltage  system.  The 
only  disadvantage  of  using  a  slow-speed  direct-current 
motor  is  the  first  cost,  its  operating  characteristics 
being  as  good,  if  not  better,  than  the  high-speed 
motor.  The  shunt  motor,  series  motor,  or  compound 
motor  with  rheostat  control,  is  as  a  rule  only  used 
where  alternating-current  power  is  not  available. 

The  majority  of 
coal  mines  and 
smaller  metal 
mines  use  the  al- 
ternating -  current 
wound-rotor  motor 
for  hoisting.  Where 
the  power  system 
will  not  permit 
hoisting  loads  the 
Ilgner  system  i  s 
used  to  advantage. 
This  system  uses  a 
separately  -  excited 
direct-cu  rrent 
motor  with  c  0  n- 
stant  field  excita- 
tion for  the  hoist 
motor.  The  motor 
is  permanently  con- 
nected to  a  separately-excited,  variable-speed  direct- 
current  generator,  which  in  turn  is  driven  by  a  wound- 
rotor  induction  motor.  A  flywheel  is  mounted  with 
this  motor-generator  set,  and  a  liquid  slip  regulator  is 
so  connected  into  the  secondary  of  the  wound-rotor 
motor  that  resistance  is  inserted  in  the  circuit  if  the 


FIG.    3 — HOISTING    SET   INSTALLED   .A.T   THE    HECLA    MINES    AT    BURKE,    IDAHO 
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load  on  the  primary  exceeds  a  certain  predetermined 
value.*  The  insertion  of  this  resistance  causes  the  set 
to  slow  down  and  the  flywheel  to  give  up  some  of 
its  energy.  The  load  on  the  induction  motor  is  kept 
fairly  constant,  while  the  peak  loads  on  the  generator 
during  the  accelerating  period  are  supplied  by  the  fly- 


FIG.   4 — MOTOR-GENERATOR    FLYWHEEL    SET   FOR   ILGNER 
HOISTING   SYSTEM 

wheel.  With  this  system  the  control  is  much  superior 
to  the  alternating-current  system  using  only  the  wound- 
rotor  induction  motor.  Any  given  position  of  the  con- 
trol handle  means  a  definite  speed  independent  of  the 
load.  This  makes  automatic  control  possible,  while  with 
either  alternating-current  or  direct-current  hoist  motors 
using  rheostatic  control  the  speed  not  only  depends  on 
the  position  of  the  control  handle,  but  also  on  the  load. 
For  this  reason,  automatic  control  when  using  an  induc- 
tion motor  or  direct-current  motor  with  rheostatic  con- 
trol is  very  difficult  to  obtain. 

Controlling  the  hoist  motor  speed  by  varying  the  field 
strength  of  the  direct-current  generator  of  a  motor- 
generator  set  is  known  as  the  Ward  Leonard  system. 
During  the  retarding  period  the  hoist  motor  often  acts 
as  a  generator,  and  the  energy  required  to  stop  the  mov- 
ing parts,  including  the  load,  drums,  cages,  skips,  ropes, 
sheave  wheels  and  rotating  parts  of  the  hoist  motor  is 
pumped  into  the  flywheel  through  the  generator  acting 
as  a  motor  instead  of  being  wasted  in  heat,  as  is  the  case 
with  rheostatic  control. 

The  Ilgner  system  is  used  in  coal  mines  where  equali- 
zation of  power  is  desired  and  at  the  same  time  where 
the  rope  speed  is  high  and  the  cycle  short.  The  hoist 
motors  in  actual  service  vary  from  500  to  1300  horse- 
power. From  metal  mines  the  Ilgner  system  is  used 
where  entire  or  partial  equalization  is  desired,  and  dif- 
fers from  coal  mine  practice  in  that  the  mines  are  usually 
much  deeper,  the  rope  speed  higher  and  the  loads 
heavier.  The  hoist  motors  in  actual  service  range  in 
capacity  from  500  to  40CX)  horse-power.  In  most  cases 
the  hoist  motor  is  directly  connected  to  the  drums,  which 
simplifies  the  arrangement  and  is  much  better  mechan- 
ically due  to  the  absence  of  gears. 

Owing  to  the  long  cycles,  a  heavier  flywheel  is  re- 
quired in  metal  mines  than  in  coal  mines.     The  Ilgner 


*See  article  on  "Liquid  Rheostats,"  by  Mr.  W.  E.  Thau,  p. 
684,  and  on  "Control  for  Mine  Hoists,"  by  Mr.  Graham  Bright, 
p.  704.  in  the  Journ.al  for  Dec,  '14 ;  article  on  "Power  Require- 
ments of  Electric  Hoisting  Plants,"  by  Mr.  W.  Svkes.  p.  144, 
Mar.,  '14,  and  p.  274,  May,  '14;  and  article  on  "The  Electrical 
Equipment  of  the  Granite  Mountain  Hoist,"  by  Messrs.  G.  B. 
Rosenblatt  and  \V.  Sykes,  p.  229,  May,  '16. 


system  is  installed  mainly  in  the  west  and  southwestern 
parts  of  the  United  States.  In  the  Michigan  field  there 
are  a  few  Ilgner  sets,  but  the  general  tendency  is  toward 
the  use  of  the  wound-rotor  motor  even  for  the  larger 
hoists. 

Where  a  large  power  system  exists  and  peak  loads 
are  allowable,  the  Ward  Leonard  system  is  frequently 
used  without  the  use  of  a  flywheel  on  the  motor-gener- 
ator set.  The  wound-rotor  induction  motor  is  replaced 
by  a  synchronous  or  squirrel-cage  induction  motor,  and 
the  peak  loads  on  the  hoist  motor  are  carried  through  to 
the  power  system  with  the  losses  of  the  various  ma- 
chines added.  With  the  Ilgner  system,  the  capacity  of 
the  alternating-current  motor  need  only  equal  the  aver- 
age load  required  over  the  entire  cycle.  Where  a  syn- 
chronous or  squirrel-cage  induction  motor  is  used  with- 
out a  flywheel,  the  capacity  of  the  motor  is  determined 
by  the  square  root  of  the  mean  squared  horse-power 
over  the  entire  cycle.  This  often  results  in  the  capacity 
of  the  motor  being  more  than  twice  that  required  by  the 
Ilgner  system  using  a  flywheel. 

The  Butte  &  Superior  Copper  Company  is  installing 
an  Ilgner  hoisting  equipment  which  will  have  an  ulti- 
mate capacity  of  4000  horse-power  in  the  hoist  motors. 
The  wound-rotor  induction  motor  driving  the  flywheel 
set  will  have  a  capacity  of  2000  horse-power.  If  a  syn- 
chronous motor-generator  set  were  used  without  fly- 
wheel, the  synchronous  motor  would  have  to  have  a  ca- 
pacity of  not  less  than  4500  horse-power.  During  nor- 
mal operation  with  the  flywheel  set  over  a  given  cycle, 
the  load  on  the  induction  motor  will  not  vary  much  over 
100  horse-power.  Using  the  synchronous  motor  without 
flywheel,  the  load  on  the  synchronous  motor  during  one 
cycle  would  vary  from  about  9000  horse-power  positive 
during  the  accelerating  period  to  about  5000  horse-power 
negative   during   the   retarding   period.      This   makes   a 


IK.  5 — LARGE  ALTERNATING-CURRENT  HOIST  Willi  Ll.jLIl)  RHEOSTAT 

Installed  in  the  anthracite  coal  region  at  one  of  the  mines  of 

the   Lehigh   Coal   &   Navigation   Company.     The   hoist 

motor  has  a  nominal  rating  of  750  hp  and  a 

maximum  continuous  rating  of  1125  hp. 

total  variation  of  14  000  horse-power  during  each  cycle. 
It  is  needless  to  say  that  there  are  few  power  systems 
in  the  country  that  would  care  to  assume  a  load  of  this 
character,  owing  to  the  bad  eiTect  it  would  have  on  the 
regulation  of  their  lines. 
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The  Ward  Leonard  system  using  a  synchronous 
motor  is  more  efficient  than  the  Ilgner  system,  especially 
where  hoisting  is  not  constant,  due  to  the  absence  of  the 
flywheel  loss.  A  flywheel  of  100  tons  weight  will  have  a 
friction  and  windage  loss  of  approximately  100  horse- 
power. The  Ward  Leonard  system  of  control  is  par- 
ticularly valuable  when  handling  men.  During  a  cycle 
in  a  deep  mine,  the  power  will  often  change  from  posi- 
tive to  negative  during  constant-speed  operation,  due  to 
the  counterbalancing  efifect  of  the  cable.  It  often  hap- 
pens that  the  weight  of  the  unbalanced  cable  is  consid- 
erably greater  than  the  load  to  be  hoisted.  At  the  North 
Butte  hoist,  and  also  at  the  Butte  &  Superior  hoist,  the 
weight  of  the  unbalanced  cable  will  be  about  50  percent 
greater  than  the  load  at  the  maximum  depth.  With  rheo- 
static  control  it  would  be  very  difficult  to  maintain  a 
constant  speed  throughout  the  cycle,  while  with  the 
Ward  Leonard  system  a  given  position  of  the  control 
handle  means  a  certain  definite  speed,  irrespective  of  the 
load  or  position  of  the  skip  or  cages  in  the  shaft.  The 
Ward  Leonard  system  of  control  also  lends  itself  to  the 
application  of  safety  devices  very  much  better  than  does 
the  rheostatic  control.  A  positive  slowdown  can  be  pro- 
vided which  gradually  pushes  the  control  handle  to  the 
off  position  as  the  loaded  cage  approaches  the  surface. 
With  the  Ward  Leonard  system  this  scheme  will  pro- 
duce a  positive  slowdown,  so  that  if  geared  limit  or 
hatchway  switches  are  provided  there  will  be  no  question 
as  to  the  ability  of  the  braking  system  to  stop  the  hoist  if 
an  overwind  takes  place.  With  rheostatic  control  this 
positive  slowdown  cannot  be  produced  since,  when  the 
power  is  negative,  a  movement  of  the  control  handle  to- 
ward the  off  position  will  increase  the  speed  instead  of  di- 
minishing it.  A  geared  limit  switch  or  a  hatchway  switch 
is  useless  unless  a  positive  slowdown  can  be  obtained. 

The  first  Ilgner  hoist  in  North  America  was  installed 
at  the  El  Oro  mines  in  Mexico  in  1905.  The  first  Ilgner 
system  installed  in  the  United  States  was  at  the  Hecla 


FIG.  6 — LIQUID  RHEOSTAT  WITH    H   SLOT  OPERATING  CONTROL   HANDLE 

The  //  slot  prevents  plugging  with  the  liquid  up  or 

resistance  low. 

mines  at  Burke,  Idaho.    This  equipment  is  illustrated  by 
Fig.  3  and  is  still  in  successful  operation. 

Most  of  the  mining  equipments  in  this  country  using 
the  Ward  Leonard  system  of  control  also  use  the  fly- 
wheel motor-generator  set.  In  South  Africa  most  of 
the  mining  equipments  using  Ward  Leonard  control  do 


-DRUM-TYPE    HOISTING 
CONTROLLER 


not  use  the  flywheel  and  have  synchronous  motors  driv- 
ing the  generators. 

For  hoists  up  to  1000  horse-power  a  face  plate  or 
drum  type  of  control  is  used  to  control  the  fields  of  the 
generators.  This  controller  is  required  to  handle  a  cur- 
rent of  not  over  50  amperes  at  250  volts.  Automatic 
relays  can  be  provided  which 
prevent  too  rapid  acceleration 
or  retardation  due  to  careless 
operation  of  the  control  han- 
dle. For  the  larger  hoists  a 
number'of  magnetic  switches 
are  used  to  handle  the  field 
current  of  the  generator,  and 
these  are  controlled  by  a  mas- 
ter controller.  The  current  to 
be  handled  seldom  exceeds  60 
amperes  at  250  volts,  while  the 
main  current  between  the  hoist 
motor  and  generator  may  go 
as  high  as  7500  amperes  at 
600  volts. 

Sometimes  for  an  emer- 
Itncy  speed  condition  the  last 
few  notches  on  the  controller  work  on  the  fields  of  the 
motor,  thereby  increasing  the  speed  after  the  fields  of 
the  generator  have  reached  their  maximum  value.  Auto- 
matic acceleration  and  retardation  can  be  easily  applied 
when  using  the  magnetic  type  of  control. 

For  different  types  of  hoists  the  drum  shapes  vary 
widely.  The  most  popular  shape  of  drum,  however,  is 
the  straight  cylindrical  type,  which  is  used  in  the  ma- 
jority of  cases.  The  advantage  of  the  cylindrical  type 
over  other  shapes  is  that  it  is  easier  and  simpler  to  build, 
weighs  less  and  produces  less  rope  wear  when  compared 
with  the  other  shapes.  The  conical  drum  is  used  to 
reduce  the  peak  loads  during  acceleration,  but  in  many 
cases  shows  but  little  advantage  over  the  cylindrical  type 
of  drum.  A  combination  of  the  cylindrical  and  conical 
type  of  drums  has  been  used  to  a  considerable  extent. 
Acceleration  and  retardation  takes  place  with  the  ropes 
on  the  cylindrical  portions,  while  at  constant  speed  of 
the  drum  the  loaded  cage  is  ascending  the  cone  while  the 
empty  cage  is  descending  the  cone.  For  mines  of  moder- 
ate depth,  using  a  fairly  high  rope  speed,  this  type  of 
drum  will  sometimes  show  considerable  advantage  in 
peak  loads  and  capacity  of  equipment  over  the  cylin- 
drical drum.  For  the  deep  metal  mines  the  cylindrical 
drum  is  almost  imperative,  since  it  becomes  necessary  to 
wrap  the  cable  in  two  or  more  layers. 

For  intermediate  depths  up  to  3000  feet  the  reel  type 
of  hoist  using  a  flat  rope  is  popular  in  some  of  the  metal- 
mining  districts.  The  flat  rope  is,  however,  expensive  to 
maintain,  and  the  larger  mining  companies  are  discard- 
ing it  and  using  the  plain  cylindrical  drum. 

The  value  of  coal  and  the  cost  of  power  in  an  isolated 
plant  have  been  increasing  rapidly  during  the  last  few 
months,  and  this  should  supply  quite  an  impetus  to  the 
installation  of  electric  hoists  using  purchased  power. 


Measuring  Maximum  Demands 


S.   G.   HiBBEN 


IT  IS  well  known  by  the  companies  that  supply  elec- 
trical energy  that,  in  justice  to  their  customers,  all 
charges  should  be  proportional  to  the  total  service 
costs.  It  is  no  longer,  sufficient  to  expect  the  consumer 
of  variable  amounts  of  power  to  pay  only  for  his 
kilowatt-hour  consumption,  any  more  than  it  is  reason- 
able on  the  part  of  the  consumer  to  expect  the  central 
station  to  maintain  in  idleness  such  an  equipment  as  the 
consumer  may  call  into  service  only  a  small  proportion 
of  the  total  time. 

Due  to  the  uncertainties  and  fluctuations  of  the  de- 
mands that  the  consumer  makes  upon  the  supply,  the 
cost  of  supplying  electrical  energy  bears  no  direct  rela- 
tion to  the  actual  amount  of  energy  supplied.  To  this 
the  average  consumer  has  given  but  little  thought.  He 
has  had  no  occasion  to  consider  that  the  central  station 
must  invest  money  in  generators,  boilers  and  distrib- 
uting systems,  all  of  sufficient  capacity  to  supply,  with- 
out notice,  the  maximum  possible  energy  that  he  may  at 
any  hour  demand,  and  on  which  investment  the  returns 
must  be  constant  and  dependable,  whether  the  plant  is 
overloaded  or  idle. 

It  is  not  the  consumer's  installed  capacity,  but  the 
maximum  use  of  this  capacity  that  affects  the  central 
station  costs.  "Preparedness  to  supply"  governs  cost 
as  much  or  more  than  "supplying."  In  short,  electrical 
energy  must  in  justice  be  considered  a  service,  as  well 
as  a  commodity  which  is  being  purchased.  If  this  is 
true,  then  there  should  be  a  means  of  measuring  or 
evaluating  the  electrical  energy  in  addition  to  meas- 
uring the  commodity,  as  has  been  done  in  the  past, 
by  the  common  integrating  watthour  meter.  It  is  for 
this  purpose  of  measuring  "service"  that  the  maxi- 
mum demand  meters  have  been  developed.  The  use  of 
demand  meters  or  the  charges  for  excess  loads  of  com- 
paratively short  duration  are,  of  course,  in  no  way  di- 
rected toward  the  curtailment  of  the  total  amount  of 
energy  consumption.  Their  use  is  either  to  afford  the 
central  station  a  measured  record,  and  therefore  an 
exact  basis  for  the  fixing  of  equitable  charges,  or  to 
indicate  to  the  consumer  the  variations  of  his  load,  and 
consequently  aid  him  to  smooth  out  its  peaks.  In  fact, 
where  customers  will  exercise  care  to  confine  their 
heaviest  use  of  energy  to  certain  off-peak  periods  of  the 
day,  the  supplying  company  may  charge  a  special  low 
rate  for  such  service,  and  the  result  will  be  that  through 
the  use  of  recording  demand  meters  there  will  be  a 
premium  and  not  a  penalty  placed  upon  the  extended  use 
of  electrical  energy. 

Several  well-known  schemes  of  fixing  approximate 
charges  for  the  consumer's  maximum  demands  have 
been  in  practice — some  partially  successful,  some  rather 


unsatisfactory,  many  tending  to  complicate  or  discour- 
age the  extended  use  of  electrical  energy. 

In  one  method  there  is  a  fixed  monthly  charge  based 
upon  the  total  connected  load,  or  upon  a  certain  arbi- 
trarily determined  percentage  of  it.  Now  if  consumer 
A,  with  the  same  number  and  size  of  motors  as  con- 
sumer B,  can  use  his  machines  at  full  load  only  a  frac- 
tion of  the  time  that  B  does,  and  yet  at  times  uses  them 
all  simultaneously,  whereas  B  never  uses  more  than  75 
percent  of  his  machines  simultaneously,  then  with  the 
same  energ}'  charge  and  the  same  fixed  demand  charge, 
based  upon  the  installed  horse-power,  there  is  obviously 
an  injustice  in  the  rates  and  an  inequality  of  return.  In- 
stances of  this  sort  would  require  a  study  and  an  empir- 
ical rate  for  each  individual  case,  with  the  chances  of 
consumer  B  paying  excess  to  make  up  for  deficiencies 
in  charges  made  against  A. 

In  another  method  use  is  made  of  devices  that  inter- 
rupt the  service  at  a  predetermined  maximum  load. 
Such  interrupters,  by  limiting  the  service,  prevent  the 
consumer  from  using  an  excess  load  even  when  he  is 
willing  to  pay  an  extra  amount  for  the  unusual  de- 
mand. 

Still  another  method  has  been  to  install  a  maximum 
indicator  temporarily  and  record  the  fluctuations  of  an 
individual  consumer's  load  for  a  short  time.  After  that 
it  is  assumed  that  there  will  be  similar  recurring  cycles 
of  demand,  and  the  service  charge,  or  demand  charge, 
therefore,  is  based  upon  this  brief  record.  This  is  cer- 
tainly more  exact  than  a  fixed  charge  based  upon  some 
value  of  connected  horse-power,  but  is  open  to  criticism, 
since  very  few  large  power  demands  pass  through  ex- 
actly parallel  cycles,  and  the  record  is,  therefore,  not 
always  typical.  A  demand  meter  permanently  installed 
on  all  large  loads  is  the  modern  way  of  arriving  at  a 
charge  for  unlimited  energy  and  service  that  can  be 
based  upon  exact  measurements. 

Logically,  everything  points  towards  the  reasonable- 
ness of  an  instrument  to  measure  maximum  demand. 
The  next  question  is,  "How  shall  this  demand  be  meas- 
ured ?" 

Two  of  the  difficulties  with  which  the  manufacturer 
has  had  to  contend  in  the  design  of  demand  meters  have 
been  the  lack  of  common  practice  in  the  formulation  of 
demand  contracts  by  operating  companies,  and  the  ab- 
sence of  a  commonly  accepted  definition  of  "maximum 
demand."  The  following  quotations  from  recent  con- 
tracts illustrate  demand  definitions  : — 

"The  consumer  will  be  billed  each  month  on  the  maximum 
demand  taken  during  the  month,  but  in  case  of  decreased  load, 
ihis  demand  will  not  be  taken  as  less  than  75  percent  of  the 
highest  maximum  demand  previously  established." 
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"When  a  graphic  recording  maximum  demand  meter  is 
used,  and  the  installed  capacity  is  100  hp,  or  less,  a  sustained 
peak  of  one  minute  will  be  used  as  a  basis  of  billing.  For  in- 
stallations having  over  100  hp,  one  minute  will  be  allowed  for 
every  additional  100  hp,  or  fraction  thereof,  up  to  and  including 
500  hp.  When  the  installed  capacity  exceeds  500  hp,  a  five- 
minute  sustained  peak  will  be  used." 

"When  an  integrating  maximum  demand  meter  is  installed, 
the  maximum  demand  for  any  month  will  be  taken  as  the  high- 
est average  demand  for  any  ten  consecutive  minutes  during  the 
month." 

"The  demand  shall  be  the  liighest  average  consumption 
measured  in  kilovolt-amperes  during  any  consecutive  five  min- 
utes within  a  given  period." 

"Where  the  demand  charge  is  on  a  monthly  basis,  the  maxi- 
mum demand  of  electricity  supplied  in  any  month  shall  be  the 
highest  average  number  of  kilowatts  recorded  in  a  single  ,30 
minute  interval  in  such  month,  but  where  the  demand  charge 
is  on  a  yearly  basis,  the  maximum  demand  for  any  one  month 
shall  be  the  highest  average  number  of  kilowatts  recorded  in 
three  30  minute  intervals  in  such  month,  one  interval  to  be 
selected  from  each  of  three  different  days." 

The  A.I.E.E.  standardization  rules  say  : — "The  max- 
iinum  demand  of  an  installation  or  system  is  the  great- 
est of  all  the  demands 
which  have  occurred  dur- 
ing a  given  period.  It  is 
determined  b  y  measure- 
ment, according  to  specifi- 
cations, over  a  prescribed 
time  interval."  In  accord- 
ance with  specifications,  a 
demand  may  be  measured 
by  an  instrument  with  a 
time  lag;  or  an  instrument 
integrating  the  load  over 
the  prescribed  time  inter- 
val ;  or  the  load  may  be  de- 
tennined  from  a  sufficient 
number  of  readings  of  an 
indicating  instrument  taken 
over  the  time  interval.  Thus 
the  question  of  the  time  over  which  the  peak  load  lasts, 
or  the  deiuand  duration,  is  equally  as  important  as  its 
intensity. 

The  use  of  an  averaged  maximum  kilowatt  demand 
computed  from  several  demands  read  on  different  days 
manifestly  tends  to  lower  the  maximum  demand  on 
which  the  charges  are  based.  From  the  commercial  point 
of  view,  the  use  of  an  average  maximum  demand  may  be 
very  desirable,  especially  in  the  case  of  large  consumers 
whose  loads  may  be  subject  to  occasional  temporary  in- 
creases from  causes  beyond  their  control.  In  the  last  an- 
alysis it  is  imperative  that  the  basis  of  a  demand  charge 
shall  be  and  shall  appear  equitable  to  the  consumer. 

It  is  well  known  that  the  factors  afifecting  the  possi- 
ble output  of  a  generator  are  teinperature  and  regula- 
tion, and  that  the  temperature  of  a  machine  is  a  function 
not  only  of  the  load,  but  also  of  its  duration,  that  is,  of 
its  load  history.  If  a  sudden  excess  demand  comes  upon 
the  generators,  similar  to  a  short-circuit  or  ground,  or  a 
motor-starting  load  that  lasts  over  a  relatively  short  in- 


FIG.    I — POLYPHASE    WATTHOUR 
AND  MAXIMUM  DEMAND  METER 


terval,  then  this  shar{)  peak  affects  the  generating  and 
distributing  capacities  but  little,  and  cannot  be  judged 
to  constitute  a  maximum  demand.  The  consumer  should 
not  pay  excess  for  this,  nor  should  the  demand  meter 
register  it.  The  time  of  the  duration  of  the  load  must 
be  considered,  and  sudden  excesses  should  be  averaged 
or  integrated  over  a  considerable  period,  but  just  what 
this  period  or  time  interval  should  be  has  been  the  sub- 
ject of  much  contention.  Further  extension  of  the  use 
of  the  demand  meters  will  doubtless  cause  this  variable 
to  be  limited  or  fixed. 

Recent  developments  in  maximimi  demand  meters 
have  been  along  two  distinct  lines,  differentiated  only 
by  the  nature  of  their  time  elements: — 

A — Those  instruments  whose  deflection  is  retarded  or  pur- 
posely made  sluggish,  known  as  "Lagged  Demand  Meters." 

B — Those  instruments  whose  demand-recording  mechanism 
is  periodically  reset  to  zero  by  a  clock  or  equivalent  time- 
keeping device,  known  as  "Interval  Demand  Meters,"  or  "Inte- 
grated Demand  Meters." 

A — Time  Lagged  Demand  Meters,  in  measuring  the 
maximum  demand,   require  an  appreciable  interval  of 


FIGS.   2. and   3 — MAXIMUM    DEMAND    METER 

With  cover  removed  and  with  electro-magnets  and  dial 
mechanism  removed. 

time  to  record  the  full  value.  This  interval  is  usually 
from  five  to  thirty  minutes,  depending  upon  the  rapidity 
of  load  fluctuations,  though  often  as  low  as  one,  two  or 
three  minutes  where  fluctuations  are  rapid.  The  meter 
integrates  the  load  to  the  end  of  the  time  period,  being 
then  in  equilibrium.  Subsequent  lighter  loads  will  not 
show  any  registration,  but  subsequent  greater  loads  will 
be  integrated  over  the  time  period  of  the  meter  and 
cause  higher  registration  than  before.  Unlike  the  time 
interval  meters,  these  lagged  demand  instruments  take 
cognizance  of  the  previous  load  history. 

The  time  lagged  meters  will  indicate  approximately 
the  same  value  of  maximum  demand  on  loads  which  are 
comparatively  steady  over  the  time  interval  of  the  in- 
strument, but  will  not  necessarily  give  the  same  results 
on  fluctuating  loads  as  the  time  interval  meters. 

B — Integrated  or  Time  Interval  Demand  Meters 
are  periodically  reset  to  zero  by  a  clock  or  timing  device, 
and  hence  their  action  is  to  arbitrarily  record  the  re- 
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curring  blocks  of  power,  and  the  integrated  demand  for 
each  block.  These  time  interval  meters  do  not,  on 
fluctuating  loads,  give  exactly  corresponding  readings. 
If  the  excess  load,  for  example,  started  at  the  middle  of 
one  of  the  time  intervals  of  this  latter  type  of  meter,  and 
lasted  to  the  middle  of  the  successive  time  interval,  half 
would  be  recorded  by  the  meter  in  each  interval.    On  the 


PIG.   4— SCHEM.\TIC   DIAGR.\M    OF    POLYPHASE   DEMAND    METER 

Showing  dial  mechanism. 

other  hand,  if  the  interval  of  the  meter  coincided  with 
the  time  and  duration  of  the  excess  load,  obviously  the 
meter  would  record  the  true  integrated  maximum  at  the 
end  of  its  time  interval,— a  value  twice  as  great  as  in  the 
previous  case.  The  answer  to  this  criticism  is  that  wher- 
ever conditions  are  such  that  the  demand  quite  often 
repeats  itself,  the  true  maximum  will,  in  the  long  run,  be 
recorded  by  the  "time  interval"  instrument. 

In  order  to  illustrate  the  action  of  demand  meters  of 
the  time  lagged  class,  a  description  follows  of  the  West- 
inghouse  Type  RO  demand  meter. 

This  instrument  has  for  its  watthour  element  the 
usual  shaft  and  disc  of  the  integrating  watthour  meter 
(or  the  two-disc  shaft,  if  polyphase)  A,  Fig.  4,  and  in 
addition  an  auxiliary  shaft  B,  with  discs  rotating  in  the 
same  air-gaps.  There  are  the  usual  cahbrating  screws 
for  moving  the  permanent  magnets  in  or  out  to  increase 
or  decrease  the  speed,  and  the  screws  for  moving  the 
flux  short-circuiting  coils  in  the  electro-magnetic  air- 
gaps  for  speed  changes  for  light  load  adjustments. 

The  auxiliary  shaft,  restrained  in  its  forward  (clock- 
wise) movement  by  a  spring  C,  will  tend  to  immediately 
take  up  a  position  of  equilibrium  under  load,  its  angular 
rotation  being  directly  proportional  to  the  energy  flow- 
ing through  the  meter,  as  in  the  case  of  the  well-known 
induction  type  instruments.  The  auxiliary  shaft  rota- 
tion, through  shafts  11,  jj,  j  and  J,  and  through  an 
indicating  hand  D  sweeping  over  a  large  demand  dial, 
would  give  an  instantaneous  reading  of  demand,  except 
for  the  fact  that  the  forward  movement  of  this  auxiliary 
mechanism  is  restricted  by  means  of  an  escapement  E, 
itself  controlled  by  the  watthour  element  through  shafts 
6,  7,  8  and  p. 


Rotation  of  shaft  A  causes  the  claw  G  to  oscillate, 
allowing  shaft  10,  the  auxiliary  shaft  B,  and  the  gear 
train  up  through  shaft  /  to  progress  in  steps  actuated 
by  the  load  torque  on  shaft  B,  and  restrained  by  spring 
C.  When  the  torque  due  to  load  balances  the  spring 
C,  the  escapement  wheel  E  ceases  to  rotate,  although 
claw  G  continues  to  oscillate  as  long  as  energy  is  pass-  ■ 
ing  through  the  meter.  Watthour  registration  is  se- 
cured on  the  four-dial  counter  through  shafts  6,  12, 
2,  4,  etc. 

At  any  time  desired,  the  trip  rod  /  may  release  shaft 
/,  whereupon  spring  F  returns  pointer  D  to  zero.  When 
the  load  goes  off,  spring  C  returns  shaft  B  to  zero, 
against  the  adjustable  stop  J.  If  the  main  pawl  H  be 
raised,  the  rotation  of  shaft  B  will  be  directly  trans- 
mitted to  pointer  D,  independent  of  the  escapement 
mechanism,  and  in  this  condition  the  strength  of  spring 
C  may  be  adjusted  by  turning  the  pinion  K. 

Any  time  interval  desired  may  be  secured,  and  this 
interval,  which  is  the  time  required  after  the  change  in 
load  for  the  demand  indicating  mechanism  to  come  to 
equilibrium,  will  repeat  itself  exactly.  If,  starting  from 
zero,  one  load  be  twice  the  value  of  another,  the  demand 
pointer  at  the  end  of  the  interval  will  indicate  twice  as 
high  on  the  scale.  But  also  the  watthour  element  (shaft 
A,  etc.)  during  this  interval  will  be  rotating  at  twice  the 
speed,  hence  operating  the  escapement  twice  as  fast,  and 
allowing  the  demand  hand  to  progress  at  twice  its  previ- 
ous rate,  so  that  it  will  reach  its  maximum  reading,  or 
point  of  equilibrium,  in  the  same  length  of  time,  regard- 
less of  the  load. 

Reference  to  Fig.  5  will  make  this  more  apparent. 
Assuming  that  the  meter  interval  is  15  minutes,  then  if 
5  on  the  demand  scale  represents  full  load,  the  point  A 
represents  the  deflection  of  the  demand  pointer  caused 
by  constantly  applied  full  load  for  15  minutes.  The  line 
OA  represents  the  deflection  of  the  demand  pointer,  and 
from  it  the  deflection  at  any  intervening  time  may  be  de- 
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FIG.  6 
-DEMAND   CURVES 


With  constant  loads  (Fig.  5)  and  increasing  loads  (Kig.  6). 

termined.     At  the   end   of   7.5   minutes   the   deflection 
would  be  at  the  point  B,  or  a  reading  of  2.5  kw. 

The  definition  states  that  an  "integrated  demand" 
for  any  load  condition  is  equal  to  the  total  kilowatt- 
hours  for  the  time  interval,  divided  by  the  time  in  hours. 
In  the  above  case  the  true  integrated  demand  is  re- 
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corded,  because,  according  to  definition,  the  integrated 
value  would  be  for  full  load  of  5  kw : — 


60 


5,  the  reading  at  point  A. 


Or  for  any  other  load,  sa_y  10  kw : — 


10,  the  reading  at  point  B. 


Or  for  any  other  time  interval,  say  7.5  minutes  at 
full  load:— 


60 


'.5,  the  reading  at  point  D. 


If,  for  instance,  the  load  on  the  same  five  kw,  15 
minute  meter  be  an  increasing  one,  as  follows : — 2.5  kw 
for  five  minutes,  followed  by  five  kw  for  the  next  five 
miiuites,  in  turn  followed  by  ten  kw  for  the  final  five 
minutes,  then  Fig.  6  will  graphically  illustrate  the  action. 
The  demand  pointer  will  advance  as  along  line  OC  to 


the  five-minute  point  E ;  then,  the  load  being  changed, 
it  will  advance  along  a  line  drawn  from  E  parallel  to  a 
new  rate-of-increase  line  OA  to  the  ten-minute  point  F ; 
and  the  load  again  changing,  it  will  advance  from  F 
parallel  to  the  new  rate-of-increase  line  OB  to  the 
fifteen-minute  point  G,  this  being  the  final  and  true 
integrated  demand  reading,  since, — 


£5 
60 

It  is  obvious  that  a  time-lagged  meter  will  not  record 

a  ten  kw  load  as  10  on  the  demand  dial  tmless  the  load 

lasts  for  the  entire  time-period  of  the  instrument.     If, 

on  the  three-minute  interval  meter,  a  demand  load  of, 

say  90  kw,  lasts  but  0.5  minvites,  the  integrated  value 

(recorded  on  the  large  demand  dial)  would  be 


go  X 


15  kw, 


and  it  will  not  register  90  kw  unless  the  duration  of  the 
load  is  for  three  minutes. 


Characteristics  of  Fan  Blades 

O.  S.  Jennings 

THE  following  article  will  he  confined  to  a  few  of  the  best  known  and  most  commonly  used  fans  of  the 
propeller  or  disc  type,  i.  e.,  those  giving  axial  air  flow.  As  every  curve  in  the  surface  and  edge  means  a 
different  performance  with  different  critical  points  and  changes  in  air  flow,  it  would  otherwise  be  difficult 
to  keep  within  the  scope  of  an  article  of  this  sort. 


DISC  fans  at  first  had  flat  triangular-shaped  blades, 
were  noisy  and  of  rather  light  construction.  As 
the  fan  business  increased  and  their  uses  became 
more  important,  a  general  attempt  was  made  to  im- 
prove their  efficiency.  The  first  real  effort  in  this  direc- 
tion seems  to  have  been  along  those  lines  which  had 
proved  to  be  best  in  the  design  of  marine  propellers. 
This  was  a  move  in  the  right  direction,  and  the  standard 
blade  of  today  is  modeled  after  the  marine  propeller, 
i.  e.,  has  rounded  tips,  screw  pitch  and  concave  surface. 

However,  in  addition  to  the  development  of  blades  of 
this  type,  many  other  freak  fans  sprang  up,  each  putting 
into  effect  some  particular  idea  of  the  inventor.  The 
main  effort  seemed  to  have  been  to  make  sure  that  no 
movement  of  the  air  would  take  place  radially,  the 
blades  being  so  shaped  that  only  a  flow  in  the  direction 
of  the  axis  could  take  place.  Tests  show,  however,  that 
there  is  little  danger  of  a  radial  flow  unless  the  angle 
of  the  blade  is  excessive.  The  least  productive  of  re- 
sults of  any  of  these  wide  departures  was  the  tandem 
arrangement  of  the  blades.  There  is  nothing  gained  by 
mounting  one  blade  behind  another,  but  the  power  ex- 
pended is  increased  directly  as  the  number  of  blades  so 
mounted. 

The  best-known  types  of  fans  are  shown  in  Figs,  i, 
2  and  3 ;  standard  blades  at  A,  B  and  C,  blades  with 


bent-over  tips  at  D  and  E,  and  at  F  a  blade  intended  to 
scoop  air  in  at  the  center  and  throw  it  out  axially  at 
the  tip. 

SHAPE  OF   BLADE 

As  originally  designed,  the  blades  were  flat  with  the 
widest  part  at  the  tip.  Investigation  early  showed  that 
very  heavy  eddies  occur  at  this  point  because  of  its  high 
velocity  and  abrupt  ending.  On  account  of  this  high 
velocity,  both  surfaces  of  the  blade  at  this  point  are 
under  suction,  the  air  coming  in  radially,  even  ahead  of 
the  fan.  It  is  quite  natural  then  that  heavy  eddies  should 
arise  when  the  air  is  redirected  to  flow  along  the  axis. 
To  avoid  this,  it  was  apparent  that  the  tip  wotild  have 
to  be  removed,  but  as  this  was  impossible  the  blade  was 
tapered  off  gradually  instead  of  being  allowed  to  end 
square.  This  was  found  to  reduce  the  losses  and  dimin- 
ish the  noise  made  by  the  blade  with  a  consequent  rise 
in  efficiency,  true  efficiency  being  considered  as  the 
energy  in  the  air  in  the  direction  of  the  axis  of  rotation 
divided  by  the  total  energy  imparted  to  it.  However,  the 
total  volume  of  air  per  unit  of  power  is  found  to  be 
greater  with  the  square-ended  blade.  This  merely  means 
that  by  rounding  the  tip  the  effective  diameter  of  the  fan 
has  been  decreased.  The  same  thing  is  true  of  the 
marine  propeller,  viz.,  that  a  heavier  thrust  can  be  car- 
ried with  square-ended  blades  on  a  smaller  diameter 
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than  with  elliptical  blades,  although  if  a  larger  diameter 
elliptical-blade  wheel  could  be  swung  the  same  thrust 
could  be  obtained  with  less  power. 

In  addition  to  rounding  the  tips,  it  was  found  desir- 
able to  concave  the  blades  slightly,  as  such  a  surface 
would  tend  to  reduce  the  pulsations  in  the  air  by  accel- 
erating it  more  gradually.    It  also  has  the  advantage  of 


have  shown  that  the  true  screw  pitch  raises  the  efficiency 
about  20  percent.  It  is,  however,  very  difficult  to  make 
a  blade  of  sheet  metal  with  a  true  screw  pitch  and  con- 
cave surface;  consequently  the  majority  of  blades  are 
only  an  approximation  to  the  true  surface. 


FIG.   I — TVPIC.\L  VEXTILATING  FANS 

A — Six-blade  type  of  special  shape  with  wide  concave  blades 
and  unsymmetrical  edges. 

B — Six-blade  type  of  approximately  elliptical  shape  with  stand- 
ard screw  pitch  and  concave  surface. 

C — Four-blade  type,  similar  to  B. 

stifYening  the  blades  and  allowing  the  use  of  thinner 
metal  with  a  reduction  in  the  loss  at  the  edges.  The  hum- 
ming of  the  blade,  however,  is  likely  to  be  increased  by 
greater  stiitness  of  the  blade.  This  is  only  true  in  those 
cases  where  the  velocity  of  the  blade  is  high  enough  to 
cause  it  to  be  set  in  vibration  by  the  disturbance  in 
the  air. 

The  curving  of  the  blade  is  a  point  that  needs  a  great 
deal  of  attention,  otherwise  a  very  inefficient  fan  may 
be  obtained.  If  the  curve  is  too  great  the  acceleration  at ' 
the  trailing  end  may  become  so  great  as  to  cause  the  air 
to  run  into  the  entering  edge  of  the  succeeding  blade. 
Such  is  the  case  with  the  blade  shown  in  Fig.  4.  This 
fan  had  been  in  operation  in  a  place  where  the  air  was 
filled  with  fine  sand,  and  the  effect  of  the  sand-blasting 
of  the  particles  on  the  blade  is  shown  by  the  shaded  por- 
tion. It  is  obvious  that  the  air  was  actually  running  into 
the  back  side  of  the  fan  blade  at  its  entering  edge,  while 
on  the  front  side  the  air  did  not  touch  the  blade  until 
near  the  trailing  edge.     The  particles  of  sand  were  so 


FIG.   2 — TYPICAL   EXHAUST   FANS 

D — Six  flat  blades  with  tips  bent  forward. 
F — Five  scoop  blades  with  special  tips. 

fine  as  to  be  practically  invisible,  and  hence  the  effect  of 
their  inertia  can  be  neglected.  A  slight  change  in  the 
curvature  of  this  blade  produced  uniform  action  all  over 
the  surface. 

The  most  important  change,  however,  from  a  flat 
blade  was  the  attempt  to  approximate  a  true  screw  pitch 
in  the  fan.  This  meant  that  as  the  blade  receded  from 
the  center,  the  angle  which  it  made  with  the  plane  of 
rotation  had  to  diminish  so  that  2wr  tan  6  was  a  con- 
stant, where  r  is  the  distance  from  the  center.     Tests 


FIG.  3 — TYPICAL   EXHAUST   FAN   E 

With  large  blade  area,  bent  tips,  approximate  screw  pitch  and 
special  curved  surface. 

For  certain  classes  of  service  it  is  desirable  to  have 
the  air  moved  spread  itself  out  over  as  large  an  area  as 
possible.  To  accomplish  this  numerous  auxiliary  devices 
to  be  attached  in  front  of  the  fan  have  been  devised,  but 
the  same  result  may  be  obtained  by  giving  the  blades  a 
rake,  that  is,  pitching  them  forward  or  backward,  as  the 
case  may  be,  or  by  giving  them  a  very  heavy  pitch  to 
create  a  radial  flow.  A  backward  rake  will  tend  to 
spread  the  air,  while  a  forward  rake  will  concentrate  it. 
At  one  time  most  fans  for  free  air  delivery  had  a  slight 
backward  rake  to  the  blade,  but  with  the  advent  of  the 
oscillating  fan  this  feature  was  generally  omitted. 

In  addition  to  the  above  changes  in  the  design, 
numerous  blades  of  an  odd  character  have  been  brought 
out  by  inventors,  such  as  the  Blackman,  Davidson,  Ven- 
tura, Crynos,  etc.  Most  of  these  peculiar  blades  were 
designed  primarily    for   working  against  pressure   and 


FIG.  4 — EFFECT  OF   SAND   IN    AIR   ON    A    FAN   BLADE 

Shaded  portions  show  where  there  is  air  impact  on  the  blades. 
show  such  a  form  as  will  prevent  a  radial  flow  at  the  tip, 
making  it  impossible  for  the  air  to  move  off  except  in  the 
direction  of  the  axis. 

FAN    CH.^R-^CTERISTICS 

Preliminary  to  a  consideration  of  fan  characteristics 
it  might  be  well  to  examine  the  manner  in  which  the  fan 
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blades  cause  the  air  to  flow.  It  is  commonly  considered 
that  the  impact  on  the  front  of  the  blades  is  the  cause 
of  the  movement  of  the  air ;  but  it  is  probably  the  suction 
or  absence  of  pressure  behind  the  blades  which  causes 
the  air  movement  rather  than  any  impact  on  the  front 
side.  Tests  on  the  wings  of  aeroplanes  have  shown  that 
the  pressure  below  the  wing  is  nearly  that  of  the  sur- 
rounding atmosphere,  but  that  above  the  wing  the  air  is 
highly  rarified,  and  that  it  is  this  suction  which  draws 
the  machine  up  rather  than  the  impact  on  the  lower  side 
of  the  wing.  It  is  quite  likely  that  the  fan  blades  act 
upon  the  air  in  the  same  manner,  and  that  any  blade 
which  is  best  shaped  to  create  a  vacuum  behind  it  will 
move  the  largest  amount  of  air.  It  is,  of  course,  very 
difficult  to  measure  pressure  before  and  behind  a  fan 
blade  in  rotation,  but  with  the  wings  of  an  aeroplane  this 
is  easily  done.  Propellers  for  aeroplanes  have  been  re- 
designed in  accordance  with  the  information  thus  ob- 
tained, and  the  result  is  an  increase  in  propeller 
efficiency  from  60  to  80  percent.  It  is  possible  that  the 
fan  and  air  propeller  are  not  in  the  same  class,  since  one 
is  stationary  and  the  other  works  at  a  low  slip,  traveling 
along  as  it  turns.  It,  nevertheless,  is  probably  true  that 
the  information  used  to  such  advantage  on  the  aeroplane 
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FIG.  S — VELOCITY  OF  AIR  IN   FRONT  OF  TYPIC.'M.  FAN  BLADES 

The  letters  on  the  curves  correspond  to  the  letters 
in  Figs.  I,  2  and  3. 

propeller  might  be  applied  to  fan  blades  with  equal  suc- 
cess. It  certainly  would  do  away  with  most  of  the  odd- 
shaped  blades. 

The  actual  velocity  of  the  air  in  front  of  the  blade 
has  been  measured,  and  is  plotted  in  Fig.  5  for  several 
types  of  fans.  The  letters  on  the  curves  are  the  same  as 
those  given  to  the  fans  in  Figs,  i,  2  and  3.  Curve  B  is 
for  the  standard  type  of  fan  used  mostly  for  moving  air 
in  a  room.  It  gives  the  most  nearly  constant  velocity 
of  any.  The  velocity  decreases  at  the  center  and  the  tip, 
due  to  the  fact  that  the  true  screw  pitch  is  not  carried 
all  the  way  in  toward  the  center  and  that  the  tips  are 
rounded  to  prevent  losses  at  this  point.  Curve  D  shows 
the  distribution  of  the  velocity  delivered  from  a  fan  with 
bent-over  tips,  which  has  a  strong  tendency  to  concen- 
trate the  air  toward  the  center,  with  a  weak  delivery  at 
the  tip.  At  F  the  delivery  of  an  odd-shaped  fan  is 
shown  where  the  air  movement  is  almost  wholly  at  the 
tip.  In  some  respects  this  fan  acts  like  the  centrifugal 
type,  taking  the  air  from  the  center  and  throwing  it  out 
of  the  tip,  but  differs  in  that  the  air  is  thrown  out  axially 


instead  of  radially  because  of  a  peculiar  curve  at  the  end 
of  the  blade.  As  might  be  expected,  this  fan  exhibits, 
when  working  against  pressure,  the  characteristic  of 
taking  its  air  at  the  center  from  both  before  and  behind 
the  fan,  a  rather  undesirable  feature,  as  fans  for  ex- 
haust purposes,  such  as  this  is  used  for,  should  take  the 
air  from  behind  the  fan  only. 

BASIS  FOR  COMPARISON   OF  BLADES 

The  efficiency  of  a  fan  is  a  rather  indefinite  quantity 
as  it  may  be  taken  as  the  cubic  feet  of  air  moved  per 
minute  for  a  given  amount  of  power  or  the  ratio  of  the 
amount  of  energy  in  the  air  moving  along  the  axis  to  that 
expended.  These  two  quantities  are  radically  dififerent, 
inasmuch  as  the  cubic  feet  per  watt  depend  largely  on 
the  velocity  at  which  the  air  is  moved.  However,  inas- 
much as  a  fan  is  intended  to  move  air,  it  would  seem 
that  such  a  basis  wotdd  give  the  best  means  of  compari- 
son. If  the  fans  are  of  the  same  diameter  and  the  total 
number  of  cubic  feet  delivered  is  the  same,  it  will  also 
give  some  idea  of  the  true  efficiency  of  the  blade.  Con- 
sequently, this  method  of  comparing  fans  will  be  used. 
The  result  will  be  called  the  efifectiveness  of  the  fan 
rather  than  its  efficiency. 

The  general  performance  of  the  fan  is  mostly 
affected  by  the  speed  of  rotation.  At  every  change  in 
angular  velocity  the  power,  volume  of  air  delivered, 
effectiveness,  noises  and  losses  are  altered ;  sometimes  in 
a  regular  manner  and  at  others  very  irregularly.  Tests 
on  aeroplane  wings  show  that  the  air  reactions  are  so 
erratic  that  no  simple,  if  any,  formulae  can  be  used  to 
represent  them.  The  most  definite  relation  is  that  be- 
tween speed  and  power,  the  power  varying  as  the  cube 
of  the  angular  velocity.  This  relation  seems  to  hold 
from  very  slow  rotation  to  speeds  beyond  the  strength 
of  most  fans.  Any  variations  from  it  are  due  rather  to 
distortion  in  the  blades  than  to  any  departure  from  the 
law.  One  would  naturally  expect  the  volume  of  air  de- 
livered to  vary  directly  with  the  speed.  Tests  show  that 
such  is  the  case,  but  that  it  is  not  directly  proportional 
to  the  speed.  A  certain  definite  number  of  revolutions, 
about  200,  for  a  12  inch  fan,  are  required  to  get  the 
regular  delivery  started  ;  the  higher  the  pitch  the  less  this 
speed  is.  The  volume  does  not  follow  a  constant  law  to 
anything  like  the  same  extent  that  the  power  does.  At 
very  high  speeds  there  will  be  a  falling  oft'  in  the  amount 
of  air  moved,  although  with  standard  type  blades,  like 
those  shown  in  Fig.  \  2X  A,  B  and  C,  such  a  departure 
will  occur  only  at  extremely  high  tip  velocities.  So  far 
as  the  energy  to  deliver  a  given  volume  of  air  is  con- 
cerned, the  lower  the  velocity  at  which  it  is  delivered  the 
greater  will  be  the  effectiveness  of  the  fan,  as  the  energy 
per  cubic  foot  will  be  much  less.  Thus  the  slower  a  fan 
runs  the  greater  the  effectiveness  as  defined.  In  design- 
ing fans,  however,  it  must  not  be  forgotten  that  a  high 
velocity  is  necessary  if  the  air  is  to  be  moved  any  great 
distance.  The  true  efficiency  of  the  fan,  though,  is  very 
materially  and  differently  affected  by  the  speed  at  which 
it  runs.     It  rises  rapidly  to  a  maximum  at  some  given 
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speed  and  then  diminishes  as  the  speed  is  still  further 
increased.  A  test  made  on  a  two-blade  fan  showed  a 
true  efficiency  of  i6  percent  at  600  r.p.m.,  44  percent  at 
1000,  75  percent  at  1600,  and  70  percent  at  2000  r.p.m. 
Tests  on  three  other  fans  showed  the  same  general  char- 
acteristics and  indicate  that  for  a  given  pitch  and  blade 
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FIG.   6 — RELATIVE   EFFECT   OF   DI..\DE  ANGLE   AND    NUMBER   OF    BLADES 
ON   AIR  OUTPUT 

shape  the  maximum  efficiency  is  developed  at  some  given 
speed  and  that  this  speed  is  independent  of  the  number 
of  blades. 

In  addition  to  the  speed,  the  pitch  and  number  of 
blades  have  a  very  important  bearing  on  the  perform- 
ance. By  pitch  is  meant  the  amount  of  advance  the  sur- 
face would  make  if  it  moved  in  a  solid  medium  as  deter- 
mined by  the  angle  of  the  blade.  Measurements  on 
blades  of  constant  angle  show  that  the  power  varies 
nearly  as  the  square  of  the  sine  of  the  angle,  and  the 
delivery  as  the  tangent  of  the  angle.  At  angles  above 
50  degrees  there  is  considerable  departure  from  this 
relation,  especially  in  regard  to  the  air  delivered  axially. 
It  can  readily  be  seen,  then,  that  both  the  effectiveness 
and  true  efficiency  of  the  blade  will  increase  with  the 
angle  of  the  blade  up  to  a  certain  point,  which  varies 
with  the  number  of  blades.  Data  obtained  with  two, 
three,  four  and  six  blade  fans  of  the  B  type  is  given  in 
Fig.  6.  These  curves  show  that  at  high  angles  a  many- 
bladed  fan  is  more  efi'ective  than  one  with  a  small  num- 
ber of  blade?,  but  that  at  lower  angles  the  opposite  is 
very  pronouncedly  true.  The  effect  of  the  number  of 
blades  is  to  lower  the  true  efficiency  at  high  speeds,  but 
to  raise  it  at  low  speeds.  Tests  made  on  a  16  inch  fan 
blowing  through  a  one-foot  partition  show  the  follow- 
ing efficiencies : — 

At  400  r.p.m. 

Two  blades  6  percent 

Three  blades  8  percent 

Four  blades  10  percent 

Six  blades  4  percent 

At  1600  r.p.m. 

Two  blades  75  percent 

Three  blades  68  percent 

Four  blades  54  percent 

Six  blades  43  percent 

At  speeds  lower  than  400  r.p.m.  it  is  possible  that  a 
six-blade  fan  will  show  up  better  than  a  four.  In  gen- 
eral, a  high-pitch  fan  with  a  moderate  number  of  blades 
will  give  the  best  results.  \Mien  considered  from  the 
standpoint  of  noise,  this  is  all  the  more  true,  as  the 
higher  the  pitch  the  slower  the  fan  can  be  run  for  a  given 


air  delivery ;  also  the  greater  the  number  of  blades  cam 
be  with  a  resultant  lessening  of  the  amplitude  of  the  air 
pulsations. 

Objects  in  the  path  of  moving  air,  whether  before  or 
behind  the  fan,  exert  a  considerable  influence  over  its 
characteristics.  An  ordinary  fan  blowing  looo  cubic 
feet  of  air  per  minute  in  free  air  will,  when  placed  in  a 
thin  partition,  blow  only  850  cubic  feet  per  minute.  An 
object  held  behind  the  fan  will  create  considerable  noise 
and  cause  a  decrease  in  the  air  delivered,  while  one  in 
front  will  effect  the  delivery  only,  the  noise  being  about 
the  same.  The  strangest  eft'ects  are  observed  when  a  fan 
is  placed  in  a  tube.  If  the  tube  is  placed  in  front  of  the 
fan,  the  volume  of  air  will  be  very  materially  cut  down, 
while  if  the  tube  is  placed  back  of  the  fan  there  will  be 
almost  no  eft'ect  at  all  over  that  in  free  air,  the  power 
remaining  the  same  in  both  cases.  This  is  true  for 
almost  any  type  of  blade,  although  less  so  for  blades  with 
bent  tips.  The  effect  is  without  doubt  due  to  a  change  in 
air  flow  at  the  blade  tips.  A  number  of  curves  are  given 
in  Fig.  7,  which  show  the  effect  of  a  tube  in  front  of  the 
fan  with  different  types  of  blades.  These  curves  show 
that  there  is  first  a  marked  decrease  in  the  air  delivered, 
the  decrease  becoming  less  marked  as  the  tube  is  in- 
creased in  length.  Undoubtedly  the  effect  of  the  tube 
after  the  first  two  feet  is  that  of  increased  pressure 
rather  than  of  the  flow  through  the  blades.  Curves  C 
and  F  are  for  fans  with  very  wide  blades  and  indicate 
that  a  fan  of  this  sort  is  most  desirable  for  exhaust  fan 
work,  where  the  diameter  is  limited.  It  is  to  be  noted  in 
the  same  figure,  however,  that  these  fans  are  absorbing 
more  power  per  cubic  foot  of  air  delivered  than  the 
others.  If  a  fan  of  larger  diameter  with  narrower 
blades  had  been  used,  the  same  volume  of  air  would  have 
been  delivered  through  the  longer  tube,  with  more  air 
through  the  shorter  tube  for  the  same  cubic  feet  per 
watt. 

A  fan  working  against  pressure  exhibits  many  pecu- 
liarities. If  the  blades  are  few  in  number  and  narrow 
there  will  be  an  almost  uniform  decrease  in  the  volume 
of  air  delivered  with  an  increase  in  the  pressure.  As  the 
number  or  width  of  the  blades  is  increased,  the  fan  is 
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FIG.   7 — EFFECT   OF   DELIVERY   TUBE   ON   AIR   OUTPUT 

Tests  made  with  a  12  inch  fan  in  a  13.5  inch  tube. 
better  able  to  maintain  its  delivery.  In  all  cases,  how- 
ever, there  is  a  rapid  fall  at  first,  but  if  the  number  of 
blades  or  the  width  of  the  blades  is  large  this  is  followed 
by  a  period  of  constant  delivery  with  increasing  pres- 
sure, a  point  finally  being  reached  where  the  fan  will  not 
deliver  any  air. 
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The  actual  delivery  of  the  air  from  the  fan  has  many 
interesting  characteristics.  With  the  standard  form  of 
blade,  such  as  A,  B  and  C,  it  is  first  along  the  axis  and 
then  at  an  angle  to  the  axis.  The  greater  the  pressure 
the  greater  this  angle  becomes.  At  the  point  where  the 
fan   ceases   to   blow   air   inwardly   the   flow    is   almost 
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FIG.  8 — EFFECT   OF   PRESSURE  ON   VOLUME  OF  AIR 

Constant  speed  with  power  identical  at  zero  pressure 
for  all  fans. 

radial.  In  other  words,  the  effect  of  pressure  is  to  pro- 
duce a  radial  flow  instead  of  an  axial  flow.  Any  disc 
fan  working  against  pressure  has  a  return  flow  at  the 
center,  a  sort  of  huge  eddy.  In  no  case  does  the  air 
pass  through  the  blades  to  the  back  side,  but  flows 
radially  to  the  tips,  where  it  is  again  thrown  out  axially. 
The  effect  of  pressure  on  the  power  is  to  cause  an  in- 
crease, usually  steady,  but  sometimes  erratic,  although 
there  is  a  tendency  at  first  for  the  power  to  be  decreased 
very  shghtly. 

Figs.  8  and  9  show  the  delivery  of  three  types  of  fans 
against  pressure.  Curves  E  and  D  show  the  perform- 
ance of  fans  especially  designed  for  working  against 
pressure,  while  curve  B  covers  a  standard  blade  fan.  It 
should  be  noted  that  the  special  types  of  fans  at  low 
pressures  when  running  at  constant  speed  are  much 
poorer  than  the  standard  type,  and  at  high  pressures  not 
any  better.  In  Fig.  9  the  efifectiveness  curves  have  been 
plotted  for  the  delivery  of  a  constant  volume  with  a 
given  diameter  of  blade,  the  speed  being  varied  to  effect 
this  condition.  They  show  the  same  general  character- 
istics as  in  Fig.  8,  where  the  speed  was  constant  and 
such  as  to  make  the  power  for  all  the  fans  the  same 
against  zero  pressure.  In  Fig.  8,  £  is  a  ten-blade  fan, 
and  probably  owes  its  superiority  at  this  pressure  to 
this  fact  rather  than  to  its  blade  shape.  If  fan  B  had 
as  many  blades  it  would  probably  make  a  better  showing 
against  pressure  than  any  of  those  tested,  for  curve  D 
is  that  of  the  same  type  as  E,  but  with  six  blades,  the 
same  as  B.  At  light  pressures  B  is  far  superior  to  the 
others. 

CONCLUSION 

Although  only  some  of  the  most  important  points  in 
the  performance  of  fans  have  been  treated,  it  will  be 


apparent  to  one  familiar  with  the  subject  that  the  disc 
fan  art  is  very  far  from  being  in  a  high  state  of  develop- 
ment. All  sorts  of  fans  are  in  use  for  which  various 
claims  are  made  which  the  users  cannot  verify,  and 
many  of  which  are  of  doubtful  accuracy.  The  basis  for 
many  erroneous  claims  is  undoubtedly  the  result  of  poor 
testing,  both  because  of  wrong  methods  and  because  of 
difficulties  in  making  measurements.  As  the  users  can- 
not verify  these  claims,  the  manufacturers  have  not  been 
compelled  to  improve  their  product.  It  is  also  apparent 
that  by  comparing  fans  of  different  diameters  or  of  the 
same  diameter,  but  running  at  different  speeds,  one  fan 
or  another  may  be  made  to  show  the  best  results.  In 
fact,  it  might  be  said  that  any  fan  can  be  shown  to  be 
superior  to  another  if  only  they  are  compared  with  this 
end  in  view.  Both  the  test  data  shown  here  and  other 
data  indicate  that  the  fan  blade  of  the  future  will 
undergo  some  marked  changes,  the  most  important  of 
which  will  be  the  disappearance  of  the  freak  blade.  New 
curves  in  the  blade  surface,  shapes  of  the  tip  and  width 
and  number  of  blades  will  add  greatly  to  the  efficiency 
and  effectiveness  of  fans.  There  will  probably  be  two 
types,  one  for  free  air  work  and  one  for  exhaust  fan 
work.  Accurate  and  careful  test  methods,  as  well  as 
measurements,  will  be  essential  before  definite  results  can 
be  obtained,  since  fan  blades  will  be  designed  from  the 
results  of  tests  rather  than  calculation  for  some  time  to 
come.    Until  someone  investigates  the  flow  of  air  around 
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FIG.   g — EFFECT  OF   PRESSURE  ON  VOLUME  OF   AIR 

Volume  constant  at  all  pressures  with  speed  adjusted  to  give 
necessary  pressure. 

and  over  the  blade  surfaces,  the  distribution  of  pressure, 
and  the  formation  and  meaning  of  eddies,  there  is  little 
probability  of  the  determination  of  any  mathematical 
formulae  that  will  give  the  performance  of  a  disc  fan 
under  all  conditions. 


Testing  Large  Oil  Circuit  Breakers 


J.  X.  Mahonev 

Switchboard  Engineer, 

Westinghouse  Electric  &  Mfg.  Company 


THE  magnitude  of  large  alternating-current  power 
systems,  with  their  continually  increasing  k.v.a. 
ratings,  higher  distributing  voltages  and  conse- 
quent larger  amounts  of  power  concentrated  at  short- 
circuits,  makes  the  certain  operation  of  large  capacity 


value  of  the  initial  wave  of  this  short-circuit  was  50  per- 
cent greater,  representing  i  425  000  k.v.a.  The  circuit 
breaker,  as  shown  in  Fig.  i,  was  of  the  separate  mount- 
ing type  for  mounting  apart  from  the  control  switch- 
board and  for  remote  control  electrical  operation.  It 
was  designed  for  opening  the  heaviest  possible  short- 
circuits  on  systems  up  to  25  000  volts,  the  maximum 
normal  load  current  rating  being  4000  amperes. 

These  circuit  breakers  are  composed  of  single-pole 
imits,  each  unit  being  mounted  in  a  separate  brick  or  con- 
crete compartment,  as  illustrated  in  Figs,  i  and  4.  The 
mechanism  is  solenoid  operated  and  consists  of  a  com- 
mon operating  shaft,  with  levers  and  rods  operating  the 
several  poles  as  a  unit.  Each  pole  unit  is  complete  with 
a  heavy  steel  frame  supporting  the  contacts  and  tanks 
and  provided  with  an  independently  adjusted  toggle 
lever  arrangement  for  operating  the  moving  contacts. 
The  adjustments  for  contact  pressure  and  travel  can  be 
made  in  each  pole  unit  independently.  An  accelerating 
spring  and  dashpot  device  is  operated  as  part  of  the 
common  control  mechanism  to  assist  in  forcing  the  cir- 
cuit breaker  to  the  open  position  and  in  taking  up  the 
shock  of  the  moving  parts.    The  terminal  studs  and  sta- 


ple.   I — THREE-POLE,  25000  VOLT,   1200  .\MPERE,  TYPE  O-I, 
ELECTRICALLY-OPERATED  OIL  CIRCUIT  BREAKER 

oil  circuit  breakers  of  great  importance.  A  careful  an- 
alysis of  the  possible  short-circuit  k.v.a.,  taking  into  con- 
sideration the  reactances  of  all  synchronous  apparatus 
connected  to  the  lines,  as  well  as  the  reactance,  resistance 
and  capacitance  of  the  transmission  lines,  is  essential  in 
order  to  insure  the  selection  of  circuit  breakers  having 
suitable  characteristics.  Circuit  breakers  for  such  large 
power  service  must  be  most  carefully  and  substantially 
proportioned  in  order  to  interrupt  the  enormous  currents 
at  high  voltages  which  flow  at  such  times. 

In  order  to  provide  a  check  on  the  actual  perform- 
ance of  such  an  oil  circuit  breaker  application,  under 
actual  service  conditions,  a  series  of  tests  was  made  re- 
cently on  a  circuit  breaker  of  the  type  shown  in  Fig.  i, 
in  which  were  successfully  interrupted  short-circuits 
having  a  peak  value  of  950000  k.v.a.  and  root-mean 
square  value  of  475  000  k.v.a.  at  the  time  the  contacts 
opened,  both  symmetrical  values,  at  24  500  volts,  repre- 
senting the  largest  amount  of  power  which  has  ever 
been  used   for  such  a  test.     The  unsymmetrical  peak 


FIGS.  2  and  3 — DETAIL  VIEWS  OF  ONE  POLE  OF  CIRCUIT  BREAKER 
SHOWN   IN   FIG.  4 

tionary  contacts  are  supported  by  vertical  terminal  stud 
insulator  bushings  clamped  to  the  steel  frame  of  each 
pole.  Lock  washers  are  used  on  the  clamp  bolts  and  con- 
ducting details  to  prevent  loosening  from  the  vibration 
incident  to  the  rapid  operation  of  the  circuit  breaker. 


THE    ELECTRIC   JOURNAL 


591 


The  contacts  open  by  gravity,  thereby  tending  to  open 
the  circuit  in  case  of  any  accident  to  the  operating 
mechanism.  All  contact  pressure  reacts  vertically 
downward  to  assist  gravity  in  the  opening  operation. 
The  main  moving  contact  member  consists  of  a  lami- 
nated copper  brush  or  bridge  forming  an  "end-on- 
high-pressure,"  self-cleaning  contact  with  the  stationary 
contact  surfaces  on  the  terminal  bushing  studs.  The 
main  contacts  are  shunted  by  heavy  arcing  contacts  of 
the  butt  type,  which  open  after  the  main  contacts  and 
protect  them  from  the  action  of  the  arc  in  breaking  the 
circuit.  The  live  metal  parts  of  each  pole  are  immersed 
in  a  separate  single  piece  round  steel  tank  which  can  be 
removed  readily  without  interfering  with  the  other  parts 
of  the  circuit  breaker.  Drain  and  filler  fittings  and  oil 
gauges  are  supplied  so  that  the  tanks  can  be  emptied 
before  lowering,  or  filled  when  in  position.  As  a  pro- 
tection from  arcing  to  ground,  a  removable  micarta  in- 
sulating lining  is  used  in  each  tank.  The  tanks  are  deep 
to  allow  ample  head  of  oil  and  space  above  the  oil  for 
a  compression  chamber  to  reduce  internal  gas  pressures. 
The  standard  circuit  breakers  of  this  type  are  pro- 
vided with  direct-current  control  trip  coils  in  addition 
to  the  direct-current  control  closing  coil.  For  this  test 
the  breaker  was  made  automatic  by  means  of  current 


FIG.    4 — THREE-POLE,   25000   VOLT,   2000   AMPERE,   TYPE    0-2. 
ELECTRICALLY-OPERATED   OIL   CIRCUIT   BREAKER 

transformers  and   instantaneous   relays   controlling   the 
direct-current  trip  coil. 

DESCRIPTION  OF  TESTS 

A  circuit  breaker  of  the  type  shown  in  Fig.  i  was  ar- 
ranged to  open  the  circuit  of  a  24  500  volt  short-circuit 
with  a  total  connected  capacity  in  60  cycle  synchronous 
generating  apparatus  of  142  620  k.v.a.*  The  generator 
voltage  was  stepped  up  through  a  total  transformer  ca- 
pacity of  90  500  k.v.a.,  and  oscillograph  records  were 


made  of  each  test.  The  oscillogram  showing  the  severest 
conditions  is  reproduced  in  Fig.  5.  Under  the  condi- 
tions of  the  test,  it  was  possible  to  obtain  current  read- 
ings of  only  two  of  the  phases  and  a  reading  of  the 
voltage  in  one  phase.  The  record  shows  that  the  short- 
circuit  continued   for  six  cycles  on  a  60  cycle  circtiit 


FIG.    5 — OSCILLOGRAM    OF    24  5 00    VOLT,    THREE-PHASE, 
SHORT-CIRCUIT  TEST 

On  a  25  000  volt,  500  ampere,  type  O-i  circuit  breaker,  inter- 
rupting a  direct  short-circuit  on  142620  k.v.a.  of  synchronous 
apparatus,  representing  the  most  severe  short-drcuit  ever 
opened  on  test.  The  current  and  voltage  weaves  were  traced 
from  the  oscillogram  separately  for  greater  legibility. 

before  the  circuit  breaker  contacts  parted  and  continued 
for  three  cycles  through  the  arc.  This  short-circuit,  as 
well  as  the  previous  ones,  was  opened  by  the  circuit 
breaker  without  difficulty,  the  same  arcing  contacts  and 
oil  being  used  in  all  the  tests.  The  only  external  efifect 
was  a  small  amount  of  oil  forced  out  through  a  defective 
joint  between  the  tanks  and  frame. 

At  the  time  the  circuit  breaker  contacts  operated, 
phase  A'  had  a  maximum  current  of  approximately 
16000  amperes  and  phase  Y  a  maximum  current  of 
13  500  amperes,  both  of  which  are  symmetrical  maxi- 
mum values,  as  shown  in  Fig.  5.  This  gives  a  root-mean 
square  symmetrical  current  value  for  phase  X  oi  ap- 
proximately II  300  amperes  which  was  ruptured  bv  the 
particular  pole  unit.  This  when  multiplied  by  Vi  for 
the  three-pole  units  and  24  500  volts  gives  a  root-mean 
square  short-circuit  of  approximately  475  000  k.v.a.  and 
a  maximum  short-circuit  k.v.a.  as  computed  from  the 
peak  value  of  current  and  voltage  waves  of  double 
the  root-mean-square  value,  or  950000  k.v.a.  Fig.  5 
shows  that  both  current  waves  were  symmetrical  at  the 
time  the  contacts  opened,  but  were  somewhat  unsymmet- 
rical  on  the  initial  wave  of  short-circuit,  due  no  doubt 
to  the  varying  amount  of  reactances  between  the  gener- 
ators and  the  short-circuit.  The  maximum  current  in 
the  first  half  cycle  of  phase  Y  was  approximately  24000 
amperes  and  in  phase  X  20  000  amperes. 

There  was  no  damage  to  the  circuit  breaker  other 
than  slight  burning  of  the  contacts  and  tank  lining,  which 
did  not  affect  its  continued  successive  operation. 


*See  articles  by  Mr.  J.  B.  MacNeill  in  the  Journal  for 
Aug.,  '16.  p.  364,  and  Nov.,  '16,  p.  547;  and  by  Mr.  J.  N.  Ma- 
honey,  Apr.,  '14,  p.  200,  and  Nov.,  '13,  p.  1103. 


The  Mountings  and  Maintenance  of  Car  Resistors 


GENERAL  ARRANGEMENT 

While  there  are  numerous  satisfactory  methods  of  iustall- 
iiig  car  resistors,  there  are  cases  where  the  method  of  mounting 
is  responsible  for  many  car  "pull-ins."  To  insure  satisfactory 
operation,  grid  resistors  should  be  kept  as  clcir  n  ;  .  •'  !>  r  ' 
protected  from  flying 
stones  or  wheel  -  wash 
by  "  w  h  e  e  1  -  w  a  s  h  " 
guards.  Figs.  2  and  3 
show  r  e  c  o  m  m  ended 
methods  of  installing 
car  resistors  for  600 
and  1200/1500  volts,  re- 
spectively. W  h  e  never 
possible,  grid  resistors 
should  be  inounted  near 
the  center  of  the  car, 
away  from  the  splash 
as  much  as  possible, 
and  arranged  so  that 
they  will  get  fairly 
good  ventilation. 

TIMBER  MOUNTING 
BEAMS 


Stranded  wire  must  be  filled  with  solde 


FIG.    1 — C.KID   RKSISTOR   IXST.\r.l..\TI0X  ON   AN   INTERURBAN   CAR 

This  arrangement 
makes  use  of  treated  timber  beams,  resulting  in  comparatively 
large  creepage  distances  between  the  individual  frames  and  be- 
tween the  end  frames  and  grounded  hangers.  The  beams  should 
be  covered  with  asbestos  lumber,  or  other  fire-resisting  and 
heat-insulating  material,  to  prevent  charring  or  ignition  of  the 
wood  in  case  of  overheating  of  the  grids. 


beam.  Insulating  compound  may  then  be  heated  and  poured  over 
the  bolt  heads,  insulating  them  completely  and  keeping  out  for- 
eign matter. 

FIRE  UNDERWRITERS'  REQUIREMENTS 
r      ■•'     ■    •'  '     ':■       r'v'r-  writers'    requirements,    "where    the 
underside    of     the    car 
body  is  wholly  or  par- 
t  i  a  1  1  y     composed     of 
combustible  material,  a 
protection  of  approved 
fire-resisting  and   heat- 
insulating    material    at 
least  one-fourth  inch  in 
thickness    must    be    in- 
stalled    directly     above 
the  resistors  and  extend 
to  the  edge  of  the  car, 
or   not   less   than   eight 
inches  beyond  all  edges 
I    the  resistor."     Fur- 
liiTmore,    "the    insula- 
' :  'II  of  the  resistor  ca- 
>    must   be   removed 
■  r   at  least  six   inches 
back  from  the  resistor 
terminals  and  the  bare 
"  to  make  it  rigid." 


WIRING 

The  general  scheme  used  is  to  bring  the  leads  over  the  top 
of  the  heat-insulating  barrier:  then  down  through  to  the  re- 
sistor   terminals.      This    arrangement   is    illustrated    in    Fig.    i, 


FIG.  2 — MF.THOD  OF    MOUNTIN'G  GRID  RESISTORS   FOR  6oO 
VOLT    SERVICE 

The  method  of  supporting  the  beams  depends  primarily 
upon  the  layout  of  the  car  under  framing.  It  may  be  desirable 
to  support  the  beams  in  the  center  as  well  as  at  the  ends. 

HANGING  GRID  FRAMES 

One  method  of  hanging  the  grid  resistor  frames  on  the 
wooden  beams  is  to  use  square-headed  machine  bolts.  The  beams 
are  drilled  and  countersunk  so  that  when  the  bolts  are  in  place 
the  heads  will  be  about  one-half  inch  below  the  surface  of  the 


FIG.  3 — METHOD  OF  INSTALLING  GRID  RESISTORS   FOR    I2(X) 
AND  1500  VOLT  SERVICE 

which  shows  an  application  of  grid  resistors  on  an  interurban 
car. 

INSPECTION   AND  OVERHAUL 

.■\t  times  of  heavy  inspection  and  at  light  inspections,  just 
after  a  new  installation  has  been  made,  the  terminals  should  be 
gone  over  to  see  that  all  cable  joints  are  tight,  and  the  through 
bolts  should  be  tightened  to  take  care  of  any  shrinkage  in  the 
insulation,  or  any  possible  stretching  of  the  tie  bolts  them- 
selves. 
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Testing  Polarity  of  Field  Coils 


OBJECT 

The  object  of  this  test  is  to  determine  whether  the  main  and 
commutating-polc  held  coils  are  properly  connected.  This  test 
should  be  made  whenever  field  coils  are  replaced,  because  coils 
are  sometimes  placed  over  the  poles  of  the  frame  inverted  or 
reversed,  and  wrong  connections  thus  made  show  up  in  faulty 
operation  of  the  motor.  This  test  will  show  up  conditions 
which  might  cause  an  armature  to  run  hot  due  to  an  un- 
balanced magnetic  field  circuit  caused  by  a  reversed  main  field 
coil.  It  will  also  indicate  conditions  which  might  cause  poor 
commutation  and  flashing  in 
a  commutating  -  pole  motor 
because   of   a   reversed   com-  j 

mutating  coil. 

APPARATUS 

The  following  apparatus 
is  required  : — A  polarity  de- 
tector, such  as  a  small  com- 
pass, a  switch  and  several 
car  heaters  or  sets  of  grid 
resistors.  A  circuit  is  ar- 
ranged as  shown  in  Figs,  i 
and  2.  At  least  five  or  six 
sets  of  heaters  or  frames  of 
resistors  should  be  put  in  the 
circuit  at  first.  If  a  readable 
deflection  on  the  polarity  in- 
dicator is  not  obtained,  part 
of  the  grids  can  be  omitted. 
If  one  is  available,  an  am- 
meter in  the  circuit  will  indi- 
cate whether  the  current  is 
large  enough  to  be  liable  to 
cause  damage. 

A  very  satisfactory  polar- 
ity indicator  can  be  made 
from  a  piece  of  steel  band- 
ing wire  about  three  inches 
long,  with  one  end  bent  over 
about  one-quarter  of  an  inch 
to  distinguish  it.  This  is  sus- 
pended at  the  middle  by  a  short  thread.  When  this  is  first 
used  it  should  be  held  at  the  pole  for  at  least  one  minute,  when 
it  will  become  magnetized,  and  is  then  ready  for  use. 

METHOD 

The  motor  can  be  either  on  the  trucks  or  out  on  the  floor. 
It  can  have  the  armature  in  or  out  of  the  frame  and,  if  a  split 
frame,  can  be  open  or  closed.  With  the  coils  all  connected  in 
series,  connect  the  two  field  leads  to  the  test  circuit,  as  shown 
in  Fig.  I.  When  the  switch  is  closed,  current  passes  through  the 
field  coils,  and  if  they  are  connected  properly,  by  holding  the 
polarity  indicator  close  to  the  ends  of  the  coil,  or  to  the  pole 
stud  bolts  on  the  outside  of  the  frame,  the  polarity  indicator 
will  reverse  at  alternate  poles ;  i.  e.,  if  No.  i  pole  attracts  the 
positive  end  of  the  polarity  indicator,  No.  2  should  attract  the 
negative  end.  No.  .?  the  positive  end  and  No.  4  the  negative  end. 
If  these  conditions  are  not  obtained  tlie  field  winding  connec- 
tions should  be  changed. 


Ground 

2 — CONNECTIONS  FOR  TK, 


If  the  frame  tested  has  connnutating  poles,  two  separate 
tests  should  be  made,  one  on  the  main  field  coils  as  previously 
described,  and  the  other  on  the  commutating-pole  coils,  which 
is  made  in  the  same  manner,  with  connections  as  shown  in  Fig. 
2.  In  this  case  only  one  of  the  motor  leads  (the  negative  arm- 
ature lead)  can  be  used,  as  the  other  lead  from  the  commutating 
coils  goes  to  one  of  the  brushholders.  Four-pole  railway  motors 
with  only  two  commutating  coils,  which  are  located  directly 
opposite  each  other,  also  four-pole  motors  with  three  com- 
mutating coils,  are  tested  in  the  same  manner.     In  the  case  of 

the     two-pole     machine     the 

])olarity  of  both  coils  should 
be  the  same,  while  in  the 
three-pole  machine  the  two 
coils  on  diametrically  oppo- 
site poles  should  be  of  the 
same  polarity,  while  the  in- 
tervening coil  should  have 
the  opposite  polarity. 

PRECAUTIONS 

In  making  this  test; — 

I — Hold  the   pivoted   com- 
pass in  a  horizontal  po- 
sition ;  or  the  suspended 
polarity  indicator  by  the 
free  end  of  the  suspen- 
sion thread. 
2 — Test  for  polarity  at  the 
same  end  of  all  coils, — 
either    the    commutator 
or     the     pinion     end, 
whichever  is  more  con- 
venient. 
i — Never    consider    results 
final    until    they    have 
been  checked  the  second 
time,  as  there  is  a  pos- 
sibility of  the  needle  of 
the  indicator  having  its 
polarity  reversed. 
4 — It  is  not  necessary  that  a  certain  pole  have   a  definite 
polarity  of  either  -f  or  — ,  but  it  is  essential  that  the 
polarity  of  adjacent  poles  shall  be  different. 

RELATION  OF  COMMUTATING-POLE  TO  MAIN-POLE  POLARITY 
In  the  case  of  a  commutating-pole  machine,  it  is  important 
to  have  the  proper  relation  of  polarity  between  the  main  and 
commutating  field  poles.  To  check  this  connect  the  negative 
( — )  armature  lead  of  the  motor  to  the  positive  (-1-)  field  lead, 
the  positive  ( -|-  )  armature  lead  to  the  trolley  side  of  the  test 
circuit,  and  the  negative  ( — )  field  lead  to  the  ground  side  of 
the  test  circuit,  and  close  the  switch.  If  the  armature  is  in  the 
frame  and  the  brushes  are  making  contact  on  the  commutator, 
current  will  flow  through  all  the  windings;  if  the  armature  is 
not  in  the  frame,  then  it  will  be  necessary  to  short-circuit  the 
brushholders.  With  these  conditions,  the  polarity  of  a  main 
pole  should  be  the  same  as  the  polarity  of  the  commutating- 
pole  ne.xt  to  it  in  a  clockwise  direction  when  facing  the  com- 
mutator end  of  the  motor. 


Grid  Resistors  or  Car  Heaters 
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This    Universal 
Rheostat 

will  control  the  charge  of 
any  ntimber  of  cells  from  1 
to  44  at  any  charging  rate 
from  4  amperes  to  40  am- 
peres on  a  125- volt  direct 
current  circuit. 

Ward  Leonard  Universal  Battery  Charging  Rheostat 

Furnishes  every  charging  requirement  of  an  ignition  battery  or 
the  lighting-starting  battery  of  gas  automobiles — as  well  as  the  large 
batteries  of  electric  pleasure  cars  and  trucks. 

Battery  charging  is  a  profitable  business  and  with  the  Ward 
Leonard  Universal  Rheostat  the  charging  equipment  investment 
is  small. 

WARD  LEONARD  ELECTRIC  CO. 

MOUNT  VERNON,  N.  Y. 
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Conducted  by  R.  H.  WILLARD 
Aim — To  connect  theory  and  practice 


Dampers  on  Alternators 

In  single-phase  alternators  the  armature  reaction  is  pulsat- 
ing. Fig.  I  shows  a  single-phase,  two-pole  alternator  at  the 
position  of  zero  voltage  between  taps.  This  will  occur  when 
the  tap  coil  is  under  the  middle  of  a  pole,  because  at  that  time 
half  the  coils  between  taps  are  under  a  north  pole  and  half 
are  under  a  south  pole.  Since  these  coils  are  in  series  their 
voltages  neutralize  so  that  there  is  no  resultant  voltage  be- 
tween taps.    Assuming  a  load  of  unity  power-factor,  the  cur- 


rent will  be  in  phase  with  the  voltage  so  that  it  and  the  arma- 
ture reaction  due  to  it  will  be  zero  in  Fig.  i.  Fig.  2  represents 
the  conditions  one-eighth  cycle  later,  since  in  a  two-pole  ma- 
chine one  cycle  corresponds  to  one  complete  revolution  and 
one-eighth  cycle  corresponds  to  45  degrees.  In  this  position 
the  coils  from  tap  B  to  coil  A  neutralize  each  other,  since  half 
of  them  are  under  a  north  pole  and  half  under  a  south,  but 
from  Ato  C  the  voltages  add  so  that  there  is  a  voltage  between 
B  and  C  and  a  current  will  flow  as  indicated.  The  current 
flowing  out  on  side  A  and  in  on  the  other  side  of  the  armature 


will  magnetize  it  in  the  direction  of  the  arrow.  An  ciglitli  of 
a  cycle  later,  conditions  are  represented  by  Fig.  3.  Here  all  the 
coils  BAC  are  under  a  south  pole,  generating  voltages  which 
tend  to  force  current  around  the  armature  from  B  to  C,  in  a 
clockwise  direction.  The  coils  under  the  north  pole  will  tend 
to  force  current  counter  clockwise  around  the  armature,  i.  e., 
BDC.  Both  sets  of  coils  tend  to  make  C  the  positive  tap,  so 
current  will  flow  as  shown  where  dots  represent  current  com- 


FIG.   0 — TVPIC.\I.   D.^MPER   WINDING 

ing  out  of  a  wire  and  crosses  represent  current  going  in.  As 
before,  the  armature  will  be  magnetized,  but  this  time  more 
strongly,  since  the  voltage  and  current  are  a  maximum,  and  m 
a  different  direction,  since  the  magnetic  axis  of  the  windmg 
has  turned  45  degrees  with  the  rotor. 
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Conditions  one-eighth  cycle  later  are  shown  in  Fig.  4,  and 
are  practically  the  same  as  in  Fig.  2.  One-eighth  cycle  later, 
i.  e.,  after  one-half  revolution,  the  tap  coils  are  again  under  the 
pole  centers  and  the  voltage  and  current  have  again  become 
zero.  This  completes  half  a  cycle.  As  the  armature  moves 
further  the  direction  of  current  in  the  coils  is  reversed,  but 
since  the  coils  have  also  moved  half-way  round  the  previous 
diagrams  may  be  applied  by  interchanging  A  and  D,  B  and 
C.  It  will  be  seen  that  the  armature  reaction  varies  from 
zero  to  a  maximum  twice  during  a  cycle,  but  does  not  reverse 
in  sign. 

In  the  position  of  Fig  2  the  armature  reaction  lias  a  com- 
ponent which  boosts  the  main  tield,  and  another  which  dis- 
torts the  main  field,  tending  to  crowd  it  toward  one  side ;  in 
Fig.  3  it  neither  boosts  nor  bucks,  but  has  a  maximum  distorting 
effect;  in  Fig.  4  it  bucks  the  inain  field,  and  also  tends  lu  dis- 
tort it  in  the  same  direction  as  in  Fig.  2.  This  varying  arma- 
ture reaction  causes  a  pulsation  in  the  main  flux  through  the 
field,  which  becomes  severe  in  some  cases  and  causes  excessive 
heating  of  the  field  core  due  to  iron  loss.  To  obviate  this 
trouble  it  is  customary  to  supply  single-phase  generators  with 
heavy   damper   windings.     As   the   flux   pulsates   through   these 


windings  e.m.f.'s  are  induced,  which  circulate  currents  in  the 
dampers,  whose  action  is  to  neutralize  the  pulsation.  The 
action  is  like  a  transformer  where  the  armature  corresponds  to 
the  transformer  primary  and  the  dampers  to  the  secondary. 
Just  as  the  core  flux  in  a  transformer  depends  on  the  exciting 
current  which  is  not  dependent  on  the  total  primary  current, 
so  tlie  pulsating  armature  flux  does  not  increase  in  proportion 
to  the  load  current,  but  is  kept  nearly  constant  at  a  small  value 
by  tlie  neutralizing  action  of  the  dampers  which  correspond  to 
the   transformer   secondary. 

Dampers  are  not  necessary  on  polyphase  alternators  to 
overcome  pulsating  armature  reaction.  In  Fig.  5  is  shown  a 
two-phase  machine ;  the  tap  coils  of  one  phase  are  at  A,  those 
of  the  other  phase  at  B.  The  armature  reaction  due  to  the 
current  in  phase  A  is  shown  by  arrow  A  ;  that  due  to  phase  B 
is  shown  by  arrow  B.  The  resultant  armature  reaction  due  to 
both  phases  is  the  vector  sum  of  A  and  B,  which  are  at  right 
angles.  If  other  positions  of  the  armature  are  chosen  it  will 
be  found  that  the  sum  of  the  reactions  A  and  B  is  always  the 
same  in  size  and  direction.  In  other  words,  the  armature 
reaction  of  a  two-phase  generator  is  constant  in  direction  and 
magnitude.     The  same  is  true  of  other  polyphase  machines. 
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1393 — Transformer    Connections — We 

have  a  small  central  station  of  about 
700  kw  total  capacity  at  three-phase. 
3100  volts,  50  cycles.  About  one-third 
of  the  transformers  used  are  three- 
phase,  delta-connected  priinaries  and 
Y-connected  secondaries,  and  the  other 
two-thirds  are  Y-connected,  both  pri- 
maries and  secondaries.  The  three  225 
kw  generators  are  Y-connected,  but 
the  neutral  i  not  used.  Neither  gener- 
ators nor  transformers  are  grounded. 
We  have  had  troubles  with  burnouts 
of  transformers,  especially  the  old  Y- 
connected  ones.  Please  advise  how 
this  can  be  best  remedied.  In  another 
station  we  have  Y-connected  gener- 
ators, 4000/2300  volts,  using  mostly 
single-phase  transformers  between  the 
neutral  and  phase  wires,  with  the  neu- 
tral grounded  at  the  station,  and  we 
also  have  troubles  when  anything  hap- 
pens to  the  neutral  which  reaches  each 
transformer.  What  will  be  the  most 
satisfactory  solution?        E.  D.  (mExico) 

The  three-phase  transformer  that  is 
connected  delta  primary  and  star  sec- 
ondary should  operate  successfully  pro- 
viding it  is  not  connected  in  parallel  on 
the  secondary  side  with  the  star-star 
connected  units.  If  the  star-star  con- 
nected transformers  supply  an  independ- 
ent line  from  the  one  supplied  by  the 
delta-star  connected  units,  then  they 
should  operate  successfully  without  their 
primary  neutrals  connected  to  the  neu- 
trals of  the  generators,  providing  the 
load,  whether  three-phase  or  three  sin- 
gle phase,  is  connected  to  the  phase 
lines;  the  neutrals  not  being  used.  If 
unbalanced  single-phase  loads  are  con- 
nected between  phase  lines  and  second- 
ary neutrals,  the  star-star  connected 
banks  will  not  operate  successfully  un- 
less the  primary  neutrals  are  connected 


to  tlie  neutrals  of  the  generators.  As- 
sume that  a  single-phase  load  is  con- 
nected between  one  phase  line  and  the 
secondary  neutral,  and  that  the  other 
two  phases  are  not  loaded,  then  tlie  cur- 
rent for  the  load  will  flow  through  the 
neutral  line,  through  the  secondary  of 
one  phase  of  the  transformer  and 
through  the  phase  line  connected  to  the 
loaded  phase  of  the  transformer.  A 
load  of  this  kind  draws  current  from 
only  one  secondary  of  the  transformer. 
A  corresponding  current  must  flow  in 
the  primary  winding  of  the  loaded  phase. 
But  when  the  primary  is  star  connected 
and  its  neutral  is  not  connected  to  the 
neutral  of  the  generator,  then  the  cur- 
rent for  the  loaded  phase  must  pass 
through  one  or  both  of  the  other  phases. 
This  results  in  drawing  the  load  cur- 
rent through  the  high  impedance  of  the 
unloaded  phases,  which  results  in  devel- 
oping a  voltage  across  the  unloaded 
phases.  The  same  results  are  produced 
when  the  three  phases  are  unequally 
loaded  by  connecting  single-phase  loads 
of  different  values  between  phase  lines 
and  neutrals.  The  voltages  induced  in 
the  phases  due  to  unbalanced  loads  are 
in  addition  to  the  impressed  voltages. 
The  resultant  voltage  produces  extra 
voltage  stresses  on  the  insulation  and 
may  produce  a  high  iron  loss  which  may 
increase  the  temperature  of  the  trans- 
former. If  the  primary  neutrals  of  the 
star-star  connected  transformers  are 
connected  to  the  neutrals  of  the  gener- 
ators the  transformers  should  operate 
satisfactorily,  providing  they  are  of 
good  design.  j.  F.  p. 

1394 — Non-Condensing  Turbine — Is  it 

safe  to  run  a  steam  turbine  without 
vacuum  on  at  full  load,  even  if  the 
steam  pressure  will  hold  up? 

E.  M.  D.  (wash.) 


Any  condensing  type  steam  turbine  or 
steam  engine  should  operate  safely  non- 
condensing  at  any  loads  it  is  capable  of 
carrying  with  a  normal  steam  pressure. 
The  deterioration  of  the  machine  might 
be  somewhat  more  rapid,  but  there 
should  be  no  immediate  damage  if  the 
machine  is  in  good  condition.  On  ac- 
count of  the  many  designs  of  steam  tur- 
bines on  the  market,  the  advice  of  the 
builders  siioulil,  of  course,  be  obtained 
on  such  questions.  j.  F.  j. 

139s — Parsons  Type  Turbine — In   the 

Parsons  or  reaction  type  of  turbine, 
what  in  general  is  the  relation  between 
the  steam  velocity  and  the  blade  ve- 
locity? h.  E.  B.  (MICH.) 
The  present  average  velocity  ratio,  or 
ratio  of  blade  velocity  to  steam  velocity, 
is  approximately  O.60  to  0.65  for  small 
turbines  and  from  0.65  to  0.75  for  very 
large  turbines.  Velocity  ratios  of  up  to 
0.81  have  been  employed  in  one  or  two 
cases.  The  choice  of  velocity  ratio  de- 
pends upon  the  economy  which  it  is  de- 
sired to  obtain — the  better  the  economy 
desired,  the  higlier  velocity  ratio  re- 
quired. There  are  other  factors,  how- 
ever, which  govern  or  limit  the  choice 
for  any  given  rating  and  steam  condi- 
tions, namely,  cost  of  construction,  dif- 
ficulties in  mechanical  design,  space  oc- 
cupied, weight,  etc.  Except  in  geared 
turbines,  the  velocity  ratio  in  marine 
work  is  generally  0.47  to  0.52,  though  in 
a  few  instances  a  ratio  of  0.57  to  0.58 
has  been  used.  In  geared  marine  tur- 
bines the  velocity  ratios  are  about  the 
same  as  in  electrical  work,  though  in 
naval  vessels  the  velocity  ratio  at  full 
power  may  be  very  much  higher  than  in 
electrical  work,  the  object  being  to  ob- 
tain good  economy  at  cruising  speeds 
when  the  revolutions  of  the  turbine  are 
reduced.  h.  f.  s. 


596 


THE    ELECTRIC   JOURNAL 


I3g6  —  Auto-Transformer  —  Will  you 
please  show  in  detail  how  the  follow- 
ing problem  can  be  solved?  A  15 
k.v.a.,  1 100/ 1 10  volts  transformer  is 
connected  as  an  auto-transformer  to 
step  up  from  iioo  to  1210  volts.  What 
will  be  the  amount  of  power  that  can 
be  delivered  to  a  non-inductive  receiv- 
ing circuit  at  1210  volts  without  ex- 
ceeding the  rating  of  the  transformer? 
What  will  be  the  current  in  each  coil 
of  the  transformer  and  the  amount  of 
power  delivered?  How  would  it  be 
in  the  case  the  same  transformer  is 
used  for  stepping  down  from  iioo  to 
900  volts?  J.  M.  dcA.  (new  York) 

Let  ^1  and  Ci  be  the  voltage  and  cur- 
rent of  one  section  of  the  winding,  and 
e,  and  c,  the  voltage  and  current  of  the 
other  section,  as  shown  in  Fig.  1396 (a). 
Then  the  line  voltages  will  be  c,  on  the 
low-voltage  side  and  c,  +  e-.  on  the  high- 
voltage  side,  and  the  line  currents  will 
be  f,  and  c,  on  the  low-voltage  side  and 
c,  on  the  high-voltage  side.  The  current 
will  flow  as  indicated  by  the  arrows. 
Since  the  k.v.a.  output  is  equal  to  the 
k.v.a.  input  (neglecting  losses  and  mag- 
netizing current),  we  have,— 

eiCci  -f  c)  =  (ci  +  €2)02 (i) 

or  f,f,  -j-  e-iC^  =  CxC^  -}-  ^iCj, 

or  ?iC,  =  e-iCi (2) 

Now  suppose  the  two  sections  of  the 
winding  are  separated  so  as  to  give  a 
two-winding  transformer,   as   shown   in 


txJ 


( 

1 

* 

/WVWVVV\AAA/vWVWV\A/VvV 

" 

m 


FIG.  1396  (a)   and  (b) 

Fig.  1396(b).  Then,  since  k.v.a.  output 
must  equal  k.v.a.  input,  we  have  e^c^  =■ 
e,c,,  which  is  the  same  as  equation  (2). 
Now  in  the  case  of  the  auto-trans- 
former, the  k.v.a.  input  is  (e^  -\-  e,)c,. 
while  in  the  case  of,  the  two-winding 
transformer  the  output  is  e,C;,  and  the 
ratio  of  these  two  outputs  is, — 

-=^^7^  =  ^^^ ^3) 

Applying  this  to  the  specific  example 
in  the  question  we  have  e,  ^=  iioo 
volts  and  e,  =   no  volts.     Then  R  ^= 

HOC   +    no  . 

=    11.     Therefore,   if    the 

no 

output  as  a  two-winding  transformer  is 
15  k.v.a.  the  output  as  an  auto-trans- 
former, to  give  the  same  losses,  is 
II  X  15  =  165  k.v.a.  When  connected 
as  an  auto-transformer,  the  ratio  of 
voltages  on  the  two  sides  of  the  trans- 
former will  always  be 
e,  -|-  e.  7/00  -f-  110  1210  II 
Jl         ^  IIOO  ~    IIOO    ~    10 

and  therefore  if  the  high  voltage  is  iioo 
the  low  voltage  must  be  1000, — it  cannot 
be  900.  The  current  capacities  of  the 
windings  does  not  change,  so  that  if  the 
voltage  is  reduced  the  k.v.a.  output  is 
reduced  in  proportion.  w.  M.  M. 

1397 — Direction    of    Rotation  —  In 

changing  the  direction  of  rotation  of 

a  wound  rotor  induction  motor  do  you 

have  to  change  the  leads  on  the  rotor 

as  well  as  the  stator?      E.  M.  D.  (wash.) 

No.     It  is  not  necessary  to  change  the 

rotor  leads  for  the  reason  that  the  stator 

determines  the  direction  of  the  rotating 

magnetic    field    and    the    rotor    winding 


simply  acts  as  a  generator  and  follows 
the  direction  of  rotation  of  the  magnetic 
field.  The  fact  that  the  so-called 
"phase  rotation"  in  the  rotor  winding  is 
changed  is  of  no  consequence,  since  the 
collector  rings  are  usually  connected 
only  to  a  resistance  and  not  to  other  ap- 
paratus which  would  be  affected  by  the 
direction  of  the  rotating  field.        .\.  m.d. 

1398 — Mazda  C  Lamps — In  the  article 
on  "Tlie  Development  and  Use  of  the 
Mazda  C  Lamp,"  by  Mr.  W.  A.  Mc- 
Kay, in  the  Journ.^l  for  June,  1916, 
mention  is  made  of  artificial  daylight 
units  employing  Mazda  C  lamps. 
Please  answer  the  two  following  ques- 
tions regarding  these  units: — (a)  Is 
the  artificial  daylight  spectrum  pro- 
vided in  the  glass  of  the  lamp  itself, 
or  is  some  special  enclosing  globe  re- 
quired? If  the  latter,  what  commer- 
cial product  of  glass  is  best  suited? 
(b)  Have  such  units  been  used  com- 
mercially for  blue-printing  work?  Is 
tliere  any  data  available  on  the  inten- 
sity of  artificial  illumination  with  such 
units  necessary  to  print  at  a  speed 
equal  to  bright  sunlight? 

C.  O.  W  (CAI,IF.) 

(a)  The  artificial  daylight  units  re- 
ferred to  make  use  of  clear  bulb  Mazda 
C  lamps,  the  desired  spectral  quality 
being  obtained  bj'  causing  the  light  from 
the  lamp  to  pass  through  a  glass  plate 
having  proper  transmission  character- 
istics. The  unit  as  ordinarily  used  con- 
sists of  an  opaque  reflector,  frequently  of 
white  enameled  steel,  by  means  of  which 
the  desired  light  distribution  is  obtained, 
and  a  filter  of  bluish  glass  which  is 
mounted  in  the  opening  of  the  reflector. 
.Mthough  it  is  comparatively  simple  to 
produce  on  a  white  surface,  by  means 
of  screens  of  bluish  gelatine  or  glass, 
light  which  seems  to  the  eye  the  same  as 
daylight,  such  light  will  not  do  for  ac- 
curate color  matching,  etc.,  as  when 
analyzed  it  is  usually  found  to  differ 
greatly  from  daylight  in  composition. 
The  filter  must  therefore  be  very  care- 
fully designed  in  order  that  the  spec- 
trum of  the  modified  light  may  be  con- 
tinuous and  similar  to  that  of  North  sky 
light,  which  is  generally  used  as  the 
standard  light  for  color  matching,  (b) 
So  far  as  we  know,  no  data  has  been 
published  on  the  illumination  necessary 
for  blue-printing  with  Mazda  C  lamps, 
but  such  lamps  are  not  recommended 
for  this  work,  as  it  would  require  a 
large  expenditure  of  energy  to  make 
prints  in  a  short  time.  w.  \.  m'k. 

i3g9  —  O.I.S.C.  Transformer  Rating 
Without  Oil — I  would  like  to  be  in- 
formed what  percentage  of  rated  ca- 
pacity of  oil-insulated,  self-cooled 
transformers  can  be  carried  by  the 
transformers  without  oil.  The  trans- 
formers in  question  are  rated  at 
2200/220  and  440/110  volts,  25  and  60 
cycle.  It  appears  in  these  low-voltage 
transformers  that  the  insulating  qual- 
ity of  the  oil  might  be  overlooked  and 
that  the  transformers  might  be  used 
on  reduced  capacity.  w.  T.  n. 

Oil-insulated  transformers  are  not  de- 
signed to  operate  at  all  without  oil. 
Pow-er  transformers  are  designed  for 
low  total  loss  at  full  load  and  not  for 
low  iron  loss,  as  is  the  case  for  a  light- 
ing transformer.  On  60  cycle  power 
transformers  the  iron  loss  is  approxi- 
mately half  the  total  full-load  loss,  and 
such  transformers  without  oil  would  not 
stand  continuously  the  iron  loss  without 
overheating,  so  that  putting  on  any  load 


at  all  for  any  length  of  time  would  be 
out  of  the  question.  Lighting  trans- 
formers and  25  cycle  power  transformers 
would  fare  a  little  better  in  this  respect, 
since  the  iron  loss  is  a  smaller  percent  of 
the  total  full  load  losses,  but  the  amount 
of  load  that  they  could  safely  carry 
would  be  so  small  that  it  would  not  be 
an  economical  proposition.  As  a  gen- 
eral proposition  it  would  not  be  safe  for 
any  oil-insulated  transformer  to  be  ex- 
cited at  normal  voltage  continuously 
without  oil  even  at  no  load.  c.  s.  L. 

1400 — Rewinding  an  Induction  Motor 

— We  have  a  three-phase,  200  volt.  60 
cycle,  squirrel-cage  motor  wound  as 
follows; — The  coils  lie  in  slots  Nos.  / 
and  I  J,  one  complete  coil  per  slot,  two 
coils  in  series  per  group,  eighteen 
groups  total,  connected  two  parallel 
star.  The  wire  is  No.  15,  56  wires  per 
coil,  two  wires  in  parallel.  Will  this 
motor  operate  using  the  following 
winding,  phase,  voltage  and  frequency 
remaining  the  same?  The  coils  lie  in 
slots  Nos.  /  and  9,  two  coils  per  slot, 
four  coils  in  series  per  group,  eighteen 
groups  total,  connected  two  parallel 
star.  The  wire  is  No.  IJ,  28  wires  per 
coil,  two  wires  in  parallel.  The  reason 
for  wanting  to  use  a  throw  of  /  and  p 
is  to  use  the  same  amount  of  wire  in 
two  coils  as  originally  in  one.  If  I 
must  give  the  coils  a  throw  of  i  and 
/;,  shall  I  reduce  the  number  of  wires 
per  coil?     If  so,  how  much? 

H.  w.  w.  (ore.) 
It  is  customary  in  changing  a  one-coil- 
pcr-slot  winding  to  a  two-coil-per-slot 
winding  to  maintain  the  number  of  con- 
ductors per  slot  and  the  throw  of  the 
coils  the  same,  as  well  as  the  size  of  the 
conductor.  It  is  not  always  possible  to 
keep  the  number  and  size  of  conductors 
the  same,  because  there  is  more  space  in 
the  slot  taken  up  by  the  insulation  which 
is  nccessarilj'  introduced  between  the 
two  coils  in  the  slot,  but  there  is  no 
reason  for  changing  the  throw  of  the 
coils.  The  two-coil-per-slot  winding  out- 
lined above  with  i  to  9  throw  will  prob- 
ably operate  satisfactorily,  but  the  iron 
will  be  worked  at  a  higher  density, 
meaning  lower  power  -  factor,  higher 
torque  and  possible  lower  efficiency.  The 
performance  that  is  obtained  on  the  one- 
coil-per-slot  winding  will  be  more  nearly 
duplicated  if  the  throw  is  kept  /  and  12. 

B.  B.  R. 

1401 — Testing  Magneto — (a)   Please 

suggest  both  laboratory  and  road  test 
methods  of  making  comparative  tests 
on  high-tension  magnetos,  (b)  How 
much  condenser  capacit3'  would  be  re- 
quired in  series  with  a  no  volt,  60 
watt  lamp  to  have  it  burn  at  normal 
candle-power?  (c)  Please  show  by 
example  how  capacity  is  calculated. 
(d)  Please  explain  fully  the  purpose 
of  the  condenser  connected  across  the 
interrupter  contacts  of  the  low-tension 
windings  of  a  magneto  armature. 

w.  s.  (OHIO) 
(a)  The  testing  of  high-tension  mag- 
netos is  an  elaborate  process  if  a  com- 
parison is  to  be  made  between  different 
makes.  One  method  is  to  operate  the 
magneto  at  from  200  r.p.m.  to  4500  r.p.m., 
putting  high-tension  spark  through  the 
spark  plug  in  an  air  chamber  subject  to 
pressure  of  75  pounds  per  square  inch. 
If  no  missing  occurs  throughout  this 
range  of  speed  at  that  pressure  the  volt- 
age can  be  said  to  be  good.  On  a  mag- 
neto the  difficulty  will  probably  be  with 
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operation  at  low  speed.  Then  the  high- 
tension  current  should  be  taken  witli 
oscillograph  and,  in  general,  the  spark 
giving  the  highest  current  will  give  the 
most  satisfactory  ignition.  These  cur- 
rents, as  a  rule,  run  from  0.03  to  0.06 
amperes.  An  examination  of  the  rnecli- 
anism  and  construction  of  the  circuit 
breaker  and  condenser  and  general  insu- 
lation should  also  be  made  for  purposes 
of  comparison,  (b)  There  seems  to  be 
a  misapprehension  as  to  the  possibili- 
ties in  this  direction.  There  is  nothing 
that  can  be  put  in  series  with  a- resist- 
ance but  will  take  up  some  of  the  volt- 
age. This  would  not  be  the  case  if  there 
was  anv  inductance  of  any  value  in  tlio 
lamp  itself.  Theoretically,  it  would  take 
an  infinite  capacity  to  run  in  series  with 
the  lamp  to  make  it  burn  at  normal 
brightness.  If  we  assume  that  a  nearly 
normal  brightness  is  obtainable  if  we 
have  TOO  volts  instead  of  110,  it  appar- 
ently would  take  about  160  micro-farads, 
(c)  There  are  a  variety  of  ways  of  meas- 
uring capacity:  the  simplest,  if  the  ca- 
pacity is  of  any  size,  is  to  put  a  con- 
denser across  an  alternating-current  cir- 
cuit. The  following  formula  will  give 
the  value  of  the  capacity  if  the  current 
and  the  voltage  can  be  measured  and  the 
frequency  is  known  :^ 

C  =-^^ 

£2  7r/ 

where  C  =>  capacity  in  farads.  /  =  currents  in  am- 
peres. E  =  potential  in  volts.  /  =  frequency. 

(d)  The  purpose  of  the  condenser 
connected  across  the  interrupter  contacts 
of  a  magneto  armature  is  to  relieve 
sparking  at  these  contacts.  A  circuit  of 
inductance  cannot  be  interrupted  instan-' 
taneously  at  a  contact  and  a  temporary 
arc  will  form,  which  will  not  only  burn 
the  contact  but  reduce  the  rate  of  change 
of  current  in  the  circuit,  due  to  the  arc 
hanging  on  longer  than  is  desired.  If  a 
condenser  is  put  around  the  contacts  the 
current  at  the  moment  of  opening  of  the 
contacts  goes  into  the  condenser  for  a 
short  interval,  allowing  the  contacts  to 
get  open  far  enough  that  the  arc  is  not 
formed.  Then  the  current  drops  off  in 
value  very  rapidly,  thereby  producing  a 
sudden  rise  in  the  high-tension  circuit. 
If  any  kind  of  a  circuit-breaker  mech- 
anism could  be  devised  which  would 
open  the  circuit  instantaneously  without 
an  arc  there  would  not  be  any  necessity 
of  any  condenser.  In  a  way  the  con- 
denser serves  the  same  kind  of  purpose 
that  the  extension  of  a  water  pipe  above 
the  spigot  serves  in  producing  an  air 
chamber  which  cushions  the  water  ham- 
mer in  case  the  water  is  turned  off  too 
suddenly.  r,  p.  y. 

1402 — Disconnecting     Transformers  — 

In  cutting  a  transformer  out   of   ser- 
vice, or  switching  through  transform- 
ers  in   case   of   a   short-circuit   on   the 
line,    should    the    high    or    low-tension 
switches  be  pulled  first?    a.  p.  s.  (cat,.  ) 
Switching    on    the    high-voltage    side 
causes  greater  voltage  surges  than  does 
low-voltage    switching.      On    the    other 
hand,  switching  on  the  low-voltage  side 
requires    the    breaking    of    larger    cur- 
rents than   does   high-voltage  switching. 
Whether   switching  is  done  on   high   or 
low-voltage   sides   of   transformers   is   a 
matter    of    choice    between     two    evils. 
Surges  caused  by  high-voltage  switching 
are  of  the  same  order  as  those  caused  by 
arcing    grounds    and    indirect    lightning 
strokes.     Transformers  that  are  capable 
of    withstanding   the   latter   should    suc- 
cessfully withstand  the  former.     There- 


fore, so  far  as  the  transformers  are  coi- 
cerned,  it  would  seem  proper  to  have  the 
high-voltage  switches  open  first.  How- 
ever, the  size  and  construction  of  the 
switches,  as  well  as  the  relative  values  of 
the  voltages  and  currents,  should  be  con- 
sidered before  deciding.  j.  F.  p. 

1403 — Testing  Instruments — Question 
No.  1373  prompts  me  to  ask  what  in- 
struments you  would  advise  including 
in  a  set  for  testing  induction  motors 
and  the  usual  alternating  -  current 
equipment  found  in  an  industrial 
plant?  By  testing,  I  mean  trouble 
testing  only.  Would  you  advise  using 
an  ohmmeter  for  keeping  track  of  the 
condition  of  motor  coils,  etc.?  Volt- 
age of  motors  in  question  range  from 
no  to  2200.  D.  D.  s.  (CAI..  ) 

Where  alternating  current  only  is 
available,  an  outfit  for  trouble  testing 
should  consist  of  a  lighting-out  line,  as 
described  in  answer  to  No.  1373,  for  lo- 
cating grounds.  For  keeping  track  of 
the  condition  of  motor  coils  a  megger  is 
preferable  to  an  ohmmeter.  A  100-200 
alternating-current  voltmeter,  an  alter- 
nating ammeter  (10-20  amperes)  and  a 
compass  are  very  convenient  and  easily 
used.  With  them  such  troubles  as 
wrong  number  of  poles,  phases  out  of 
balance,  open  circuits,  short-circuits,  re- 
versed coils  and  almost  any  other  trouble 
that  is  liable  to  happen  can  readily  be 
located.  f.  t.  b. 

1404 — Motor  With  Shunt  Circuit  Open 

— What  factors  or  load  conditions 
might  limit  the  speed  of  a  commu- 
tating-pole  shunt  motor  whose  shunt 
field  circuit  was  interrupted? 

K.  F.  H.  (PA.) 
When  the  shunt  field  is  opened  there 
is  a  sudden  rush  of  current  which  will 
cause  the  brushes  to  spark  badly  and  the 
commutator  to  flash.  The  speed  will 
immediately  increase  and  theoretically 
would  only  be  limited  by  the  residual 
magnetism  and  by  friction.  However, 
before  that  point  is  reached  the  arma- 
ture will  probably  give  away  mechan- 
ically. For  example,  consider  a  10  hp. 
1 150  r.p.m.,  shunt-wound  motor.  The 
maximum  safe  operating  speed  would  be 
approximately  2200  r.p.m.  At  some 
speed  between  2700  and  3000  r.p.m.  the 
coils  would  begin  to  shift,  throwing  the 
armature  out  of  balance  and  causing  se- 
vere vibration.  Then  the  bands  would 
give  away,  allowing  the  coils  to  spread 
and  wreck  the  armature.  h.  i,.  s. 

1405  —  Blue-Printing  Machine  —  We 
have  a  no  volt.  25  cycle,  arc  light  blue- 
printing machine,  and  would  like  to 
know  if  we  could  use  a  nitrogen  lamp 
in  place  of  the  arc  light.  If  so,  what 
candle-power  would  be  best  to  use? 

A.  H.  A.  (II.L.) 

The  light  of  the  Mazda  C  lamp  is  not 
sufficiently  actinic  to  warrant  using  it  in 
preference  to  the  arc  lamp  in  blue  print- 
ing. Blue  prints  can  be  made  with 
Mazda  C  lamps,  but  for  equal  printing 
speed  a  greater  expenditure  of  energy 
is  required  than  is  needed  with  the  arc 
lamp,  as  relatively  less. of  the  energy  is 
radiated  in  the  ultra-violet  region  of  the 
spectrum.  w.  A.  M. 

1406 — Use  of  Rubber-Insulated  Cables 
— In  Foster's  "Electrical  Engineers' 
Pocket  Book,"  6th  edition,  p.  1083,  the 
statement  is  made  that  paper-insulated 
submarine  cables  are  taking  the  place 
of  rubber-insulated  submarine  cables. 
To   what  extent   have  paper-insulated 


cables     replaced    the    rubber-insulated 
cables  for  underwater  service? 

A.  G.  (VA.) 
This  question  evidently  considers  only 
telephone  cables  and  not  cables  designed 
for  transmission  of  electric  power,  since 
the  contex  of  the  reference  deals  only 
with  telephone  cables.  W'e  believe  that 
paper-insulated  cables  are  hardly  to  be 
recommended  except  under  certain  con- 
ditions in  preference  to  a  rubber-insu- 
lated cable.  In  certain  cases  where  a 
short  length  of  submarine  telephone 
cable  is  connected  to  a  long  aerial  line 
or  length  of  cable  where  Pupin  coils  are 
used  it  might  be  necessary  to  use  paper- 
insulated  cable  to  reduce  the  capacitance 
to  a  minimum  and  secure  consequent 
further  extension  of  the  distance  over 
which  speech  can  be  clearly  transmitted. 
However,  in  most  cases  the  greater  ca- 
pacitance of  rubber  -  insulated  cables 
would  not  materially  effect  telephonic 
service,  and  in  such  cases  rubber-insu- 
lated cable  would  be  preferable  to  paper- 
insulated  cable.  The  use  of  paper-insu- 
lated submarine  telephone  cables  has,  in 
general,  been  limited  to  these  special 
conditions.  R.  E.  D. 

1407  —  Turbogenerator     as     Synchro- 
nous  Condenser — (a)    Is   it   possible 
to     use     turbogenerators     for     power- 
factor  correction,  the  steam   from  the 
turbine  being  used   for  steam  heating 
or  with  the  turbine  running  condens- 
ing?    (b)  Is  it  possible  or  advisable  to 
use  a  turbogenerator  in  this  way  with 
the  turbine  blades  running  in  a  vacuum 
and  with  no  steam  being  admitted  to 
the   turbine?      Please   give   a   descrip- 
tion of  how  it  is  done.  c.  F.  (cal.) 
If  a  synchronous  machine  operates  as 
a  synchronous  condenser,  the  fields  must 
be  over-excited,  and  if  the  power-factor 
is  so  low  there  is  danger  of  overheating 
unless  the  rotor  is  proportioned  for  the 
heavy  exciting  currents.     It  is  therefore 
advisable   either   to   determine  what  the 
temperature  of  the  rotor  will  be  by  the 
increase  in  resistance  method,  or  obtain 
the   advice  of   the  manufacturers   as   to 
whether  or  not  the  heating  will  be  pro- 
hibitive,     (a)    We    understand    this    to 
mean    that    a    certain    amount    of    true 
power  will  be  taken  from  the  unit  in  ad- 
dition to  the  wattless  k.v.a.  which  will  be 
used  for  power-factor  correction.    If  the 
resultant  power-factor  at  the  terminals 
of  the  stator  of  the  generator  is  40  per- 
cent or  less,  the  excitation  will  be  prac- 
tically the  same  as  would  obtain  with  the 
generator    operating    as    a    synchronous 
condenser   running  idle,  the   same   total 
k.v.a.    being    taken    from    the    stator    in 
either  case.    The  method  probably  would 
not  be  an  economical  one.  since  the  tur- 
bine would  be  considerably  underloaded, 
and  therefore  a  large  amoimt  of  steam 
per  kw-hr.  would  be  needed,     (b)   If  no 
steam  flows  through  the  steam  turbine, 
and  air  at  atmospheric  pressure  is  con- 
tained in  the  turbine,  the  windage  losses 
in  the  turbine  would,  in  all  probability, 
be  great  enough  to  produce  prohibitively 
high  temperatures.    One  alternative  is  to 
leak  a  small   amount  of   steam  through 
the    turbine    continuously,    sufficient    to 
overcome  friction.     The  second  alterna- 
tive is  to  maintain  a  high  vacuum  within 
the   turbine,   when    the    turbine    may   be 
operated  without  steam.     It  is  then  im- 
portant to  keep  the  vacvumi   pump  run- 
ning and  to  have  a  gauge  suitably  pro- 
vided   for    the    purpose    of    determining 
whether  or  not  a  high  degree  of  vacuum 
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is  maintained.  The  third  alternative  is 
to  disconnect  the  turbine  from  the  gen- 
erator entirely,  in  which  case  suitable 
provision  must  be  made  for  support- 
ing the  shaft  adjacent  to  the  turbine, 
and  to  furnish  a  supply  of  oil  or  water, 
as  may  be  needed,  for  cooling  the  bear- 
ings. Means  must  further  be  pro- 
vided in  the  latter  case  for  starting  the 
generator.  In  general,  there  should  be 
little  difficulty  from  hunting,  especially 
if  the  rotor  is  made  of  solid  material,  as 
is  now  general  practice.  c.  j.  r. 

1408  —  Commutating-Pole  Motor  — 
Why  is  it  that  a  commutating-pole, 
shunt-wound,  direct-current  motor  will 
alternately  pick  up  and  release  its  load 
when  the  brushes  are  shifted  about 
five  degrees  either  way  from  neutral 
position?  The  disturbance  is  quite 
violent  and,  under  these  conditions,  it 
is  impossible  to  operate  the  machine. 
No  sparking  results  from  the  brushes 
being  off  neutral.  j.  H,  B.  (coLO.) 

When  the  brushes  of  a  commutating- 
pole  motor  are  shifted  against  the  direc- 
tion of  rotation,  the  motor  will  tend  to 
become  unstable,  and  alternately  pick  up 
and  drop  the  load,  especially  if  the  motor 
is  driving  an  inertia  load.  This  is  be- 
cause of  the  weakening  of  the  main  field 
by  the  back  armature  ampere-turns  and 
the  effect  of  the  short-circuited  armature 
coils.  This  causes  the  speed  to  rise  with 
the  load.  However,  if  the  brushes  are 
shifted  forward  the  result  would  be  just 
the  opposite,  so  that  the  motor  should  be 
perfectly  stable.  The  brushes  on  a  com- 
mutating-pole motor  should  always  be 
kept  at  the  neutral  position.  c.  G.  L. 

1409 — Electric  Heaters — The  writer  is 
an  electrician  in  a  western  sawmill, 
which  has  an  automatic  air  trimmer  to 
trim  the  lumber  the  required  length. 
The  saws  are  driven  from  a  line  shaft 
which  is  run  by  a  motor,  and  the  saws 
are  raised  and  lowered  by  air  cylinders 
which  are  connected  to  the  arbor  that 
carries  the  saws  by  a  rod.  The  cylin- 
ders are  operated  by  a  wire  from  a 
cage  where  a  man  sits  and  pulls  the 
right  wire,  which  opens  the  valve  in 
the  air  cylinder.  When  the  air  pres- 
sure is  off,  the  saw  drops  and  cuts  off 
the  lumber.  When  the  valve  is  closed 
again  the  air  forces  up  the  piston  and 
raises  the  saw  again.  We  had  quite  a 
lot  of  trouble  last  year  with  the  air 
freezing  in  the  cylinder  and  stopping 
the  piston  from  working.  Would  like 
to  know  if  we  could  not  wrap  the  cyl- 
inder with  a  resistance  wire  to  keep  it 
warm  with  electricity,  and  if  common 
iron  wire  would  not  answer  the  pur- 
pose. There  are  about  18  cylinders, 
each  12  inches  long  and  14  inches  in 
diameter.  We  have  no,  220  or  440 
volt  alternating  current  available ;  also 
have  550  volts  direct  current  which 
couldbeused.  E.  m.  d.  (wash.) 

It  is  perfectly  feasible  to  apply  heat  in 
this  way  to  a  cylinder,  and  the  only  dif- 
ficulty will  be  to  determine  the  proper 
quantity.  It  is  impossible  to  make  an  ac- 
curate estimate,  as  you  have  not  supplied 
us  with  any  definite  information  regard- 
ing the  quantity  of  air  or  the  pressure 
used.  We  would  estimate,  however,  that 
an  input  of  from  600  to  1000  watts,  ap- 
plied in  a  coil  of  wire  wrapped  around 
the  outside  of  the  cylinder,  should_  be 
sufficient  to  prevent  any  serious  freezing. 
If  this  is  not  sufficient,  it  will  be  an  easy 
matter  to  rewind  the  coils,  if  they  were 
properly  constructed.     Iron  wire  would 
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be  suitable,  but  it  is  open  to  criticism  on 
account  of  its  high  temperature  co- 
efficient and  also  because  of  the  danger 
of  rusting.  We  would  recommend  the 
use  of  German  silver  or  a  nickel  copper 
alloy,  such  as  "Advance."  The  wire 
should  be  wound  the  full  length  of  the 
outside  of  the  cylinder  with  turns  fairly 
close,  so  that  reasonably  heavy  wire  may 
be  employed.  The  temperature  is  rela- 
tively low  and  it  will  probably  be  satis- 
factory to  wind  a  wire  over  a  layer  of 
asbestos  paper  one-sixteenth  inch  thick 
wrapped  on  the  surface  of  the  cylinder. 
Another  layer  of  paper  over  the  resist- 
ance wire  and  held  on  by  a  layer  of 
banding  wire  or  a  sheet-tin  covering  will 
protect  the  resistance.  The  layers  of 
asbestos  and  the  surface  of  the  pipe 
should  be  thoroughly  brushed  with 
shellac  and  the  outer  surface  thoroughly 
painted  with  it  in  order  to  make  the  en- 
tire heater  water-proof.  When  the  oper- 
ation is  first  started  there  will  probably 
be  some  smoking,  but  this  will  not  do 
any  damage.  If  possible,  no  volts  should 
be  used  in  order  that  there  may  be  little 
danger  to  the  workman  in  case  of  a 
ground.  The  method  outlined  above 
could  be  greatly  improved  upon  if  such 
a  device  were  to  be  manufactured  m 
quantities,  but  we  believe  it  will  serve 
the  purpose,  especially  in  view  of  the 
tact  that  it  is  to  be  used  for  only  three 
or  four  months  each  year.  F.  T. 

1410 — Cement    Dust    on    Insulators — 

We  have  a  13000  volt  transmission 
line  which  passes  by  a  large  Portland 
cement  mill.  The  dust  from  this  mill 
deposits  on  the  insulators,  and  in  the 
course  of  six  months  to  a  year  the  in- 
sulators become  sufficiently  coated  to 
ground  the  line  and  put  it  out  of  com- 
mission. I  would  like  to  know  if  you 
have  any  references  on  methods  of 
protecting  transmission  lines  against 
such  trouble.  G.  B.  D. 

We  never  heard  of  any  permanent 
remedy.  The  use  of  larger  insulators 
will  postpone  the  trouble  and  render  the 
interval  between  cleaning  longer.  A  so- 
lution of  either  muratic  acid  or  oxalic 
acid  is  useful  in  cleaning  the  insulators. 
The  use  of  60000  volt  insulation  on  a 
13000  volt  line  for  a  distance  of  one 
mile  each  way  from  the  cement  plant 
ought  to  render  troubles  very  infrequent. 
R.  P.J. 

1411 — Pipe  Thawing — Size  of  pipe  to 
be  thawed,  two  inches ;  length  of  pipe, 
2400  feet ;  available  voltage,  88,  174  or 
350;  available  power,  128  kw.  What 
is  the  size  of  iron  or  the  cheapest  wire 
that  would  thaw  this  pipe?  The  trans- 
formers are  located  on  one  end,  so 
that  2400  feet  of  wire  is  all  that  is  re- 
quired.   Cost  of  current  is  no  object. 

J.  H.  B.  (COLO.) 
We  assume  this  is  wrought-iron  pipe. 
The  calculated  resistance  of  iron  pipe, 
2400  feet  long,  is  0.46  ohms.  This  un- 
doubtedly is  the  minimum  resistance  pos- 
sible and  the  actual  resistance  may  be 
several  times  this,  due  to  resistance  of 
joints.  It  is  probably  desirable  to  keep 
the  resistance  of  the  supply  wire  down 
to  a  value  of  approximately  0.46  ohms, 
in  order  that  the  loss  in  the  supply  wire 
shall  not  be  greater  than  the  loss  in  the 
pipe.  Using  this  limit,  probably  the  loss 
in  the  supply  wire  will  be  much  less  than 
that  in  the  pipe.  To  meet  this  resistance 
will  require  No.  3  copper  wire  with  a 
weight  of  about  380  pounds.     Iron  wire 


for  this  resistance  would  have  to  be 
twice  the  size,  or  No.  0000.  Probably 
350  volts  will  give  the  most  satisfactory 
results,  as  the  current  cannot  be  over 
400  amperes  with  the  above  resistances. 
In  fact,  unless  the  joints  in  the  pipe  have 
very  low  resistance,  this  voltage  may  not 
be  sufficiently  high.  w.  R.  w. 

1412 — Rewound  Field — Please  explain 
what  effect  it  would  have  on  an  arm- 
ature if  the  field  of  a  motor  were 
wound  with  more  turns  than  it  was  be- 
fore.- Would  this  heat  the  armature 
or  the  field,  or  would  it  require  higher 
voltage  to  run  at  same  speed?  F.  k. 

The  speed  of  a  motor  or  the  voltage 
of  a  generator  depends  upon  the  mag- 
netic flux,  and  this  in  turn  is  a  function 
of  the  ampere-turns  in  the  exciting  wind- 
ings. Let  E  equal  the  voltage  over  one 
coil ;  /  the  current ;  A^  the  number  of 
turns ;  R  the  resistance ;  and  r  the  aver- 
age resistance  of  one  turn.  For  a  shunt 
coil, — 


The  exciting  ampere-turns 

NE         NE    . 


NI    = 


Nr 


The  number  of  turns  appears  in  both  the 
numerator  and  denominator  and  cancel, 
leaving  the  excitation  proportional  to 
voltage  and  the  average  resistance  per 
turn.  However,  if  A'  is  increased,  the 
thickness  of  the  coil  is  also  increased. 
This  gives  a  larger  mean  turn,  and  a 
higher  value  for  r.  The  excitation  of 
the  coil  will  thus  be  changed,  but  usually 
not  enough  to  noticeably  effect  the  char- 
acteristics of  the  machine  unless  there  is 
a  considerable  difference  in  the  number 
of  turns.  The  copper  loss  will  be  less  and 
the  radiating  surface  greater,  thus  the 
coils  should  run  cooler.     Copper  loss  =: 


EI  = 


Nr 


For  the  same  impressed  voltage  and  size 
of  wire,  the  ampere-turns  are  approxi- 
mately independent  of  the  number  of 
turns  in  the  coil  and  the  watts  loss  in  the 
coil  vary  inversely  as  the  number  of 
turns.  H.  L.  S. 

1413  —  Hysteresis  Loss  —  Is  the  hys- 
teresis loss  per  revolution  obtained  in 
rotating  an  iron  cylinder  about  its 
axis,  in  a  uniform  magnetic  field  per- 
pendicular to  that  axis,  the  same  as  the 
hysteresis  loss  per  cycle  obtained  by 
keeping  the  cylinder  at  rest,  and  let- 
ting the  field  alternate  so  as  to  give 
the  same  extreme  values  of  magnetiza- 
tion? Can  you  refer  to  experiments 
on  this  point?  J.  s.  (pa.) 

An  iron  cylinder  rotating  about  its 
axis  in  an  extensive  uniform  magnetic 
field  will  have  a  uniform  magnetic  in- 
tensity throughout  the  cylinder.  As  the 
cylinder  revolves,  the  magnetic  density 
will  change  in  direction,  but  not  in  mag- 
nitude. At  low  induction  this  will  result 
in  a  hysteresis  loss  somewhat  smaller 
than  the  loss  caused  by  pulsating  flux. 
At  high  induction  the  hysteresis  loss  is 
practically  zero.  These  phenomena  are 
covered  in  "The  Magnetic  Induction  in 
Iron  and  Other  Metals,"  by  Mr.  A.  J. 
Ewing ;  price  $4.00.  l.  w.  c. 


CORRECTION 
In  the  Journal  for  Nov.,  '16,  p.  555, 
the  second  line  under  Fig.  I  should  read 
"were  done  before  soldering,  the  excess 
solder  might  fill  up  the." 
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To  Our  Subscribers; — It  is  our  aim  in  this  iinancial  section  to  publish  information  regarding  financial 
matters  which  will  be  of  practical  interest  and  value  to  Journal  readers  in  general.  We  would  like  to  have 
your  comments  on  what  has  been  published  so  far  and  suggestions  as  to  future  issues.  If  you  have  any 
questions  on  the  subject,  do  not  hesitate  to  send  them  in.  The  financial  section  is  written  by  the  best  public 
utility  writer  on  Wall  Street,  a  recognized  authority  in  the  field  whose  writings  are  considered  the  final  word 
by  the  largest  brokers  on  the  Street.  We  want  to  make  the  financial  section  just  as  helpful  to  you  as  the 
technical  section.    Won't  you  help  us  make  it  just  what  you  want  by  writing  us  in  detail? 


BUYING  SECURITIES 

Many  persons  believe  that  there  is 
something  mysterious  about  the  pur- 
chase of  stocks  and  bonds,  and  for  that 
reason  refrain  from  investing  their  sur- 
plus funds  in  securities  simply  because 
they  do  not  understand  the  methods  by 
which  stock  and  bond  purchases  are 
made.  The  purchase  of  securities,  how- 
ever, in  actual  practice  is  as  simple  as 
the  purchase  of  almost  any  other  com- 


Possibilities  in 
Government  Bonds 

of  some  of  the  most 
important  European 
nations,  caused  by  the 
present  abnormally 
low  rate  of  exchange, 
created  by  war  condi- 
tions, will  be  explained 
for  those  who  com- 
municate with  us  and 
request  a  copy  of  our 
Circular  No.  AU-186. 
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modity  and  is  carried  on  much  in  the 
same  way.  It  is  as  easy  to  secure  actual 
information  on  investment  securities  a5 
it  is  on  other  commodities  ofifered  for 
sale,  and  the  market  price  of  any  invest- 
ment security  may  be  secured  as  quickly 
and  easily  as  that  of  grain,  metals  or 
other  articles  of  daily  use. 

In  buying  securities  the  first  thing  to 
do  is  to  select  your  security.  The  in- 
tending purchaser  will  find  that  any  re- 
sponsible bond  dealer,  broker  or  the 
local  banker  will  be  glad  to  help  him  do 
this.  On  any  security  which  is  worthy 
of  the  name  of  "investment"  full  details 
of  past  and  present  operations  can  be 
secured  without  trouble.  Earnings  over 
a  period  of  years  may  be  obtained  in  tlie 
case  of  an  established  corporation,  and 
it  should  be  remembered  that  the  bonds 
and  stocks  of  new  companies  usually  are 
not  entitled  to  the  name  of  investments, 
but  partake  more  largely  of  the  nature 
of  speculation,  unless  they  are  consoli- 
dations or  reorganizations  of  old  com- 
panies. 

In  the  minds  of  those  who  are  not  fa- 
miliar with  investment  affairs  there  is 
too  often  a  prejudice  against  the  name 
of  "stock  broker."  These  persons  fear 
that  when  they  deal  with  a  stock  broker 
they  will  occupy  the  position  of  a  lamb 
before  a  shearer.  There  is  no  greater 
mistake.  By  far  the  greater  number  of 
stock  brokers  are  honest :  in  fact,  as  i 
whole  they  are  probably  the  most  honest 
class  of  business  men  in  the  world.  They 
must  be  such,  for  their  business  is  built 
entirely  on  the  confidence  of  their  cus- 
tomers. Here  and  there  a  black  sheep 
may  be  found,  but  he  will  remain  no 
longer  than  the  time  his  true  character 
is  learned.  In  making  investments  deal 
only  with  members  of  the  recognized 
stock  exchanges  of  the  country,  with 
members  of  the  Investment  Bankers'  .As- 
sociation of  America  or  with  your 
banker.  If  a  purchaser  of  securities 
should  find  that  any  of  these  men  have 
misrepresented  the  actual  investment 
value  of  securities  to  him  his  complaint 
to  the  boards  of  governors  of  the  ex- 
change or  of  the  association  will  receive 
prompt  attention. 

In  the  case  of  the  New  York  Stock 
Exchange  and  almost  all  other  e.xchanges 
the  burden  of  proof  in  any  complaint  by 
a  customer  against  a  member  of  the  ex- 
change is  on  the  latter.  No  matter  how 
a  customer  may  treat  his  broker,  the  lat- 
ter has  no  redress  before  the  board  of 
governors,  but  the  customer  may  at  any 
time  appeal  to  the  governors  against  his 
broker  in  case  he  feels  that  he  has  been 
aggrieved.  No  one,  no  matter  how  in- 
experienced he  may  be  in  the  purchase 
of  securities,  need  have  fear  that  he  will 
not  be  treated  fairly  by  the  broker  to 
whom  he  intrusts  his  order,  if  he  will 
only  use  due  care  in  selecting  the  broker 
and  see  that  he  is  either  a  member  of 
some  recognized  stock  exchange  or  af- 
filiated with  the  Investment  Bankers' 
Association  of  -America. 


In  making  a  purchase  of  stocks  the 
charge  on  the  New  York  Stock  Ex- 
change for  listed  stocks  is  one-eighth 
percent,  or  12.5  cents  a  share,  on  lots  of 
100  shares  or  more.  On  unlisted  stocks 
the  commission  is  usually  one-fourth 
percent,  or  25  cents  a  share,  except  in 
the  case  of  the  high-priced  oils  or  indus- 
trials, when  the  commission  will  be 
higher.  Stocks  are  bought  "flat,"  that 
is,  with  the  dividend  included  in  the  pur- 
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chase  price,  except  in  the  case  of  some 
few  preferred  stocks,  which  may  be 
quoted  "and  accrued  dividend,"  meaning 
that  the  dividend  accrued  from  the  date 
of  tlie  last  payment  to  the  time  of  pur- 
chase is  added  to  the  quoted  price  for 
the  stock. 

All  bonds  and  notes  are  purchased 
"with  interest,"  which  means  that  to  the 
price  quoted  for  the  bond  or  note  will 
be  added  the  interest  accrued  on  the  se- 
curity from  the  last  interest  payment  to 
the  date  of  purchase.  In  the  case  of 
bonds  or  notes  on  which  interest  has 
been  defaulted,  or  in  other  words,  where 
the  issuing  company  has  failed  to  pay 
the  specified  interest,  the  sale  is  made 
"flat,"  or  with  all  accrued  and  unpaid  in- 
terest included  in  the  purchase  price 
However,  no  reader  of  this  will  be  apt 
to  purchase  anj-  defaulted  bonds  or 
notes,  as  these  appeal  only  to  the  specu- 
lator. 

The  purchaser  of  bonds  or  notes  "with 
interest"  or  of  preferred  stocks  "with 
accrued  dividends"  must  not  feel,  how- 
ever, that  he  is  losing  the  amount  added 
to  the  purchase  price  of  his  security.  In 
the  case  of  bonds  or  notes  the  interest  is 
represented  b}'  the  semi-annual  coupon 
attached  to  the  bond  or  note,  and  when 
this  falls  due  the  holder  deposits  it  in 
the  bank,  receiving  the  full  amount  of 
money  represented  by  the  coupon,  and 
thus  is  returned  to  him  the  money  paid 
for  the  accrued  interest  at  the  time  of 
purchase.  In  the  case  of  stock  pur- 
chased with  accrued  dividend  added,  at 
the    regular    time    of    dividend    payment 
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will  be  received  a  check  for  the  full 
amount  of  dividends  for  the  quarter  or 
the  half  year,  and  so  the  holder  will  have 
returned  to  him,  when  he  cashes  his 
dividend  check,  the  additional  money 
paid  at  time  of  purchase. 

■Interest  on  bonds  is  represented  by  the 
attached  coupons,  and  these  must  be  de- 
tached and  deposited  for  payment  to 
secure  payment  of  the  interest,  unless 
the  bonds  are  registered  as  to  interest, 
when  the  interest  will  be  mailed  to  the 
holder  of  the  bond  in  the  same  manner 
as  would  be  dividends  on  stocks.  Some 
bonds  may  be  registered  both  as  to  prin- 
cipal and  interest  and  others  may  be  reg- 
istered as  to  principal  only.  The  regis- 
tration of  a  bond  is  simply  the  act  of 
having  the  bond  or  bonds  registered  in 
the  name  of  the  holder  by  the  trustee  of 
the  mortgage  securing  the  bond.  Witli 
this  done  the  bond  is  not  negotiable  un- 
less it  is  endorsed  by  the  owner.  Un- 
registered bonds  pass  from  seller  to  pur- 
chaser without  endorsement,  so  that  reg- 
istration is  a  protection  against  theft  or 
the  falling  of  the  bond  into  unauthorized 
hands  in  case  it  should  be  lost.  Divi- 
dend-paying stocks  sell  "e.x-dividend" 
usually  from  fifteen  to  twenty  days  prior 
to  the  payment  of  the  dividend,  al- 
though in  the  case  of  some  stocks  this 
period  may  be  30  days  or  even  more. 
This  means  that  the  dividend  checks  for 
tlie  forthcoming  dividend  payment  will 
be  mailed  to  those  persons  in  whose 
names  the  stock  stood  at  the  time  of  its 
becoming  ex-dividend.  ."Xs  an  instance, 
if  the  regular  quarterly  dividend  on  a 
stock  were  payable  January  i  to  stock 
of  record  December  15.  only  those  per- 
sons whose  names  were  on  the  stock- 
books  of  the  company  as  holders  of  the 
stock  on  December  15  would  receive  the 
dividend  checks  January  i.  The  holder 
of  stock  purchased  and  transferred  after 
December  15  would  not  receive  a  dividend 
check  until  the  next  regular  quarterly 
period  of  payment  on  April  i.  Kor  this 
reason  the  purchaser  of  a  dividend-pay- 
ing stock  should  have  it  transferred  into 
his  name  as  soon  as  possible,  and  in 
doing  so  should  give  his  full  name,  not 
initials,  as  the  latter  are  not  accepted  for 
the  purpose  of  making  out  stock  certifi- 
cates, and  also  his  postoffice  address,  so 
that  dividend  checks  and  other  commu- 
nications from  the  company  will  reach 
him  promptly. 

In  regard  to  the  registration  of  a  bond, 
this  is  entirely  optional  with  the  holder 
in  the  case  of  such  bonds  as  may  be  reg- 
istered, as  not  all  companies  register 
their  bonds.  As  already  said,  registra- 
tion is  a  protection  against  loss  in  case 
of  a  stolen  or  lost  bond,  as  the  regis- 
tered bond  cannot  be  negotiated  without 
endorsement.  The  unregistered  bond  is 
more  negotiable  and,  where  bonds  arc 
kept  in  a  safe  place,  there  is  really  little 
necessity  for  their  registration. 

Having  selected  the  security  get  either 
your  banker  or  a  broker  to  secure  a 
quotation  on  it  for  you,  always  remem- 
bering that,  while  bond  quotations  are 
usually  fairly  stable  and  vary  but  little 
from  day  to  day,  there  will  be  much 
more  variation  in  the  price  of  stocks  and 
a  quotation  given  one  da\'  may  not  be 
good  at  all  the  next,  as  the  stock  may  be 
either  higher  or  lower.    With  high-grade 


investment  stock  issues  the  quotations, 
as  in  the  case  of  bonds,  will  vary  but 
fractionally,  while  with  the  more  specu- 
lative stocks  there  maj'  be  a  difference 
of  a  dollar  or  more  per  share  in  the 
price  tomorrow  compared  with  that  to- 
day. In  the  purchase  of  either  a  bond  or 
of  stock  the  buyer  should  know  just 
what  return  in  the  way  of  interest  or 
dividends  he  will  receive  on  the  money 
invested  in  the  securities.  This  is  quite 
easy  to  determine  in  the  case  of  stocks, 
but  much  more  difficult  in  that  of  bonds. 
To  calculate  the  rate  of  income  which 
will  be  received  on  stock  it  is  only  nec- 
essary to  divide  the  amount  of  dividends 
received  in  a  year  on  a  share  by  the 
price  paid  per  share  for  the  stock  and 
the  result  will  be  the  rate  percent  of  in- 
come. As  an  instance,  a  purchase  of 
stock  paying  six  percent  dividends  a 
year  is  made  at  90.  Dividing  the  $6  divi- 
dend received  per  annum  on  each  share, 
by  the  price  of  $90  a  share  paid  for  the 
stock  the  result  would  be  6.66,  which 
would  mean  that  the  security  holder 
would  receive  a  return  of  6.66  percent 
on  the  money  invested  in  the  stock. 

Bonds  having  a  definite  maturity 
which  stock  does  not  have  makes  the  cal- 
culation to  determine  the  yield  on  bonds 
much  more  intricate.  In  fact,  bankers 
and  brokers  in  finding  the  yield  of  in- 
come on  bonds  always  u.se  a  book  of 
bond  tables  prepared  for  this  purpose 
by  the  aid  of  logarithms,  thus  securing 
the  exact  yield.  It  will  he  seen  that  in 
case  a  bond  is  purchased  below  its  face 
value  and  held  to  maturity,  in  addition 
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to  tlif  interest  regularl}-  paid  ou  the  bond 
the  holder  at  its  maturity  will  receive  a 
sum  larger  than  was  paid  for  the  bond, 
this  excess  payment  depending  on  how 
much  below  face  value  the  purchase  oi 
the  bond  was  made.  If  the  bond  was 
purchased  above  its  face  value  the  sum 
paid  at  maturity  would  likewise  be 
smaller  than  that  originally  paid.  It  i,s 
not  probable  that  the  average  investor 
will  ever  buy  a  bond  above  its  face  value 
as,  in  fact,  most  bond  dealers  discourage 
the  purchase  of  such  bonds  except  by  in- 
vestors who  are  versed  in  the  theory  of 
amortization  and  other  matters  having 
to  do  with  such  investments. 

Roughly  speaking,  the  income  yield  of 
bonds  may  be  figured  as  follows : — Pur- 
chasing a  5  percent  bond  at  90.  having 
ten  years  to  run  from  the  time  of  pur- 
chase to  maturity,  would  mean  that  on 
the  purchase  price,  without  reference  to 
maturity,  the  income  yield  would  be  5.55 
percent,  figured  in  the  same  way  as  tlie 
income  yield  on  stock.  But  within  ten 
years  the  bond  will  be  paid  at  its  face 
value,  so  that  for  a  thousand  dollar  bond 
for  which  $900  was  paid  the  holder  will 
get  $1000  at  maturity,  or  $100  more  than 
was  paid.  This  would  be  $10,  or  i  per- 
cent, a  year,  so  that  the  income  yield  0:1 
the  investment  in  a  5  percent  bond  at  90, 
having  ten  years  to  run,  would  be  ap- 
proximately 6.55  percent.  Of  course,  'o 
secure  this  yield  the  purchaser  woul'.l 
have  to  hold  the  bond  to  maturity,  but  he 
would  usually  find  that  as  the  bond  ap- 
proached maturity  it  would  reflect  in  its 
market  price  the  additional  value  by 
reason  of  the  closer  maturity,  so  that, 
even  if  he  sold  after  holding  five  year^. 
he  would  receive  a  price  for  his  bond 
which  would  make  his  income  yield  a])- 
proximately  that  which  he  would  have 
received  in  case  he  should  hold  the  bond 
to  maturity. 

Having  selected  the  security,  learned 
the  price,  income  yield  and  other  par- 
ticulars concerning  it  and  the  issuing 
company  and  placed  the  order  for  the 
security  with  the  banker  or  broker,  the 
payment  will  come  next.  This  may  be 
either  in  full,  on  partial  payments  or  b:v 
depositing  the  purchased  security  for  a 
part  of  the  purchase  price,  paying  a 
specified  amount  in  cash.  When  the 
bond  or  stock  is  paid  for  in  full  or 
"taken  up,"  in  the  parlance  of  the  dealer, 
the  only  details  to  be  attended  to  by  the 
purchaser  before  giving  his  check  or 
cash  for  the  security  is  to  see,  in  case  of 
a  bond  that  it  is  actually  the  security 
bought,  that  all  unmatured  coupons  an- 
attached  and  that  the  bond  is  not 
stamped  or  defaced  in  any  way  which 
might  impair  its  negotiability.  These  de- 
tails, however,  need  bother  the  customer 
little,  as  they  will  already  have  been  at- 
tended to  by  the  banker  or  broker.  In 
the  case  of  stock  it  is  well  to  see  that  it 
has  been  issued  in  the  proper  name  and 
that  the  transfer  office  of  the  issuing 
company  has  the  postoffice  address  of 
the  owner  correctly,  so  that  there  may  he 
no  delay  in  receiving  dividend  checks  or 
other  communications  from  the  issuing 
corporation.  These  details  being  looked 
after  there  is  nothing  more  for  the  cash 
purchaser  to  do  but  to  take  away  his 
stock  certificate  or  bond  and  put  it  in  a 
safe  place,  preferably  a  safe  deposit  box. 

In  the  case  of  stocli.or  bonds  bought 


on  the  partial-payment  plan  the  seller 
holds  the  security  until  full  payment  is 
made,  the  buyer  making  an  initial  pay- 
ment, usually  20  percent  of  the  purchase 
price,  and  then  paying  an  agreed  sum 
each  month  until  the  full  amount  is 
paid,  when  the  purchased  securities  will 
be  delivered.  All  interest  and  dividends 
on  the  securities  so  bought  belong  to  the 
buyer,  and  when  final  settlement  is  made 
he  should  be  careful  to  see  that  he  has 
been  properly  credited  with  such  divi- 
dends or  interest.  The  seller  will  charge 
the  buyer  interest  on  the  deferred  pay- 
ments, but  the  dividends  or  interest  re- 
ceived will  more  than  ofi^set  this  interest 
charge.  The  purchaser  of  stock  on  the 
partial-payment  plan  should  always  make 
a  careful  investigation  of  the  character 
of  the  selling  firm  before  making  his 
purchase  or  sending  any  money. 

There  are  a  number  of  reputable 
houses  which  will  sell  securities  on  the 
partial-paytnent  plan,  but  there  have 
been  many  losses  to  investors  who  ac- 
cepted at  their  face  value  glowing  ad- 
vertisements of  the  advantages  of  such 
purchases  without  investigating  the  reli- 
ability of  the  advertiser.  There  have 
been  instances  where  such  advertisers 
have  collected  hundreds  of  thousands  of 
dollars  from  innocent  clients  and  also 
have  received  large  sums  in  partial  pay- 
ments and  then,  when  delivery  of  securi- 
ties were  insisted  upon,  have  quietlv 
.stolen  away,  leaving  their  clients  with-, 
out  either  cash  or  securities.  Other 
houses  doing  business  on  the  partial- 
payment  plan  sell  the  securities  to  their 
customers  without  owning  them,  or  in 
other  words  "bucket"  the  orders,  hoping 
that  by  the  time  full  payment  is  made 
and  the  delivery  of  the  securities  is  at 
hand  that  their  market  price  will  have 
declined  and  the  stocks  or  bonds  be 
bought  for  delivery  to  the  purchasers  at 
a  lower  price  than  that  at  which  they 
sold.  No  reputable  broker  or  banker 
would  be  guilty  of  such  a  practice,  but 
the  only  safe  way  for  a  would-be  pur- 
chaser of  stocks  on  the  partial-payment 
plan  to  do  is  to  act  only  after  he  has 
made  a  full  investigation  into  the  reli- 
ability of  the  firm  olTering  to  sell  securi- 
ties in  this  manner.  Any  banker  can 
easily  learn  the  standing  of  any  invest- 
ment firm  in  the  country,  and  no  matter 
how  glowing  may  be  the  promises  held 
out  always  remember  not  to  buy  securi- 
ties from  a  house  which  cannot  give 
reputable  bank  references.  After  you 
get  the  references  also  don't  fail  to  write 
and  ask  the  standing  of  the  firm,  and  if 
the  answers  are  not  satisfactory  in  every 
way  drop  negotiations  at  once. 

One  of  the  most  satisfactory  ways  in 
which  to  purchase  securities  where  they 
are  not  paid  for  in  fidl  and  taken  up  is 
to  ask  a  banker  to  make  a  collateral  loan 
on  them.  All  banks  make  collateral 
loans ;  in  fact,  they  are  the  most  satis- 
factory loans  a  bank  can  have,  especially 
where  the  collateral  has  a  ready  market. 
The  term  "collateral"  in  a  banking  sense 
is  applied  to  the  securities  or  other 
papers  deposited  with  a  banker  to  secure 
a  loan  made  on  them  as  security.  In 
New  York  the  banks  almost  entirely  con- 
fine their  collateral  loans  to  securities 
listed  on  the  New  York  Stock  Exchange, 
this  being  done  because  the  loans  are 
payable  upon   "call,"  or  immediately  on 


demand,  and  there  must  be  an  instant 
market  for  the  collateral  in  case  the  loan 
is  not  paid  and  the  collateral  taken  up. 
Because  of  this  fact  New  York  bankers 
charge  a  much  smaller  rate  of  interest 
on  loans  than  do  interior  banks  which 
loan  largely  on  unlisted  collateral.  While 
the  interior  bank  will  charge  6  per- 
cent on  a  collateral  loan  the  New  York 
banker  will  charge  on  a  collateral  call 
loan  at  present  not  more  than  2  percent 
interest,  but  such  a  rate  is  not  available 
to  the  small  borrower,  even  in  New 
York,  on  listed  collateral.  These  call 
loans  are  made  in  hundreds  of  thou- 
sands or  even  millions  of  dollars  by  the 
large  brokerage  firms,  each  loan  in  the 
bank  representing  possibly  several  hun- 
dreds of  individual  margin  transactions 
by  the  broker,  who  has  lumped  into  one 
great  call  loan  the  many  amounts  owed 
him  on  stock  purchased  by  his  customers. 
The  broker,  however,  will  charge  his 
customers  from  4  to  5  percent  interest 
on  the  money  owed  to  him  by  them. 

The  transaction  by  the  small  investor 
in  making  a  collateral  loan  with  his  local 
banker  will  be  carried  on  substantially  as 
follows,  and  it  will  be  seen  that  such  a 
loan  gives  the  owner  of  the  security  all 
the  advantages  of  the  partial-payinent 
plan,  combined  with  the  knowledge  that 
his  stock  is  in  safe  hands  and  held  for 
him  until  such  time  as  he  may  pay  up 
his  loan : — "A"  buys  25  shares  of  stock 
at  90,  this  transaction  representing  an 
expenditure  of  $2250.  "A"  goes  to  his 
banker  and  asks  the  latter  if  he  will 
make  him  a  loan  on  the  25  shares.  The 
banker  says  that  he  will  do  so,  taking  the 
stock  at  70.  This  means  that  "A"  must 
pay  of  his  own  money  $20  a  share  on  the 
stock  and  the  banker  will  then  loan  him 
$70  a  share,  taking  the  stock  as  security 
for  the  loan.  "A"  endorses  the  stock  in 
blank  on  its  reverse  side,  and  he  also 
will  usually  be  called  upon  to  make  .1 
power  of  attorney  giving  the  banker  full 
control  over  that  particular  stock  cer- 
tificate, the  number  of  shares  and  the 
serial  number  of  the  certificate  being  ex- 
pressly specified  in  the  power  of  attor- 
ney. "A"  will  sign  a  note  for  $1750  to 
the  bank,  and  the  stock  and  power  of 
attorney  will  be  attached  to  this  note. 
The  note  will  be  of  the  usual  collateral 
form,  the  length  of  which  may  some- 
times frighten  the  uninitiated,  but  so 
long  as  the  terms  of  the  note  are  com- 
plied with  there  need  be  no  uneasiness  in 
regard  to  its  many  provisions.  With  this 
transaction  completed  "A"  will  have  paid 
$500  of  his  own  cash  on  his  25  shares 
of  stock  and  will  owe  the  bank  $1750,  on 
which  he  will  probably  be  asked  to  pay  ti 
percent  interest  per  annum.  At  any  time 
he  may  pay  off  a  part  of  the  amount  of 
the  note,  and  by  such  payments  he  may 
in  time  pay  the  full  amount  and  have  the 
stock  free  of  debt.  Each  payment  so 
made  will  of  course  reduce  his  interest 
charge  at  the  bank.  The  note  may  be 
either  for  a  specified  time  or  on  demand. 
Many  bankers,  even  in  the  country,  pre- 
fer demand  notes  on  collateral  loans. 
Such  a  transaction  as  this  may  often 
prove  profitable  to  the  borrower  in  the 
way  of  interest.  In  tlie  above  instance 
suppose  that  the  stock  on  which  the 
money  was  borrowed  pays  dividends  at 
a  6  percent  rate.  Thus  the  25  shares 
would  return  $150  a  year  in   dividends. 
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The  amount  borrowed  from  the  bank  at 
6  percent  was  $1750,  and  the  annual  in- 
terest charge  on  this  sum  at  6  percent 
would  be  $105.  The  actual  investment 
in  the  stock,  aside  from  the  lo^,  is  $500, 
so  that  on  this  $500  the  borrower  would 
receive  $45  a  year.  In  other  words,  on 
the  $500  invested  he  is  getting  a  return 
of  9  percent.  The  dividends  on  stocks 
or  bonds  may  thus  be  used  not  only  to 
provide  for  the  interest  payments  on  the 
money  borrowed,  but  also  to  reduce  the 
principal  of  the  note. 

Almost  any  broker  will  arrange  for  a 
purchaser  to  carry  his  stock  with  a 
banker  in  case  the  purchaser  desires  this 
done.  The  broker  will  probably  not 
charge  anything  for  this  service,  al- 
though in  some  cities  the  brokers  make 
a  small  charge  for  making  or  renewing 
bank  loans.  In  placing  these  loans  the 
broker  will  either  carry  the  loan  in  his 
own  name  or  arrange  for  the  note  to  be 
signed  by  the  owner  of  the  stock.  It  is 
always  better  for  the  owner  of  the  stock 
in  making  loans  through  a  broker  to  si.gn 
the  bank  note,  as  this  is  evidence  of  the 
ownership  of  the  equity  in  the  stock 
deposited  as  collateral. 

As  already  said,  the  usual  charge  made 
for  the  purchase  of  unlisted  stocks  by  a 
broker  is  25  cents  a  share.  This  com- 
mission is  added  to  the  actual  price  at 
which  the  stock  was  bought  by  the 
broker  and  is  payment  for  his  services  in 
arranging  the  loan.  On  the  New  York 
Stock  Exchange  the  commission  is  12.5 
cents  a  share,  but  this  commission  ap- 
plies only  to  round  lots  of  100  shares. 
When  less  than  100  shares  or  "odd  lots" 
of  stock  are  purchased  the  buyer  in 
effect  pays  25  cents  a  share  commission. 
When  an  order  is  placed  for  an  odd  lot 
of  a  stock  listed -on  the  New  York  Stock 
Exchange  the  broker  will  watch  for  the 
first  sale  of  this  stock  to  show  on  tlie 
tape  of  the  stock  exchange  ticker  after 
order  has  been  placed.  Then  the  broker 
will  confirm  the  sale  of  the  odd  lot  to  his 
customer  at  one-eighth  of  a  point  above 
this  price,  which  with  the  commission 
added  will  make  one-quarter  of  a  point. 
The  same  commissions  are  paid  in  the 
selling  as  in  the  buying  of  stocks,  and  the 
seller  of  listed  stock  receives  one-eighth 
point  less  than  the  last  sale  of  a  round 
lot  of  that  particular  stock  to  show  on 
the  stock  exchange  ticker. 

Substantially  the  same  commissions 
are  charged  for  the  purchase  or  sale  of 
bonds  as  for  stocks.  In  a  purchase  or 
sale  of  listed  stocks  or  bonds  made 
through  a  member  of  the  New  Yoi-k 
Stock  Exchange,  the  buyer  or  seller  will 
receive  from  his  broker  a  confirmation 
of  the  sale,  made  out  on  a  regular  form 
blank,  giving  the  name  of  the  stock  sold 
or  bought,  the  price,  the  commission,  the 
time  at  which  the  sale  or  purchase  was 
made  on  the  floor  of  the  exchange  and 
the  name  of  the  broker  buying  or  selling 
the  stock.  By  this  means  the  buyer  or 
seller  of  stock  is  always  able  to  trace  his 
transaction  in  case  any  dispute  over  the 
price  arises  between  him  and  his  broker. 
So  far  as  possible  all  safeguards  are 
thrown  around  the  buyer  or  seller  of  se- 
curities on  reputable  stock  exchanges 
and,  as  already  said,  in  case  of  com- 
plaint the  burden  of  proof  is  always  on 
the  broker  to  show  that  he  is  not  guilty 
of  the  charge  made.  There  is  no  busi- 
ness in  which  the  element  of  personal 
confidence  enters  so  largely  as  is  that  of 
dealing  in  securities,  and  no  matter  how 
inexperienced  an  investor  may  be  he 
may  always  be  certain  of  receiving  only 


the  fairest  of  treatment  so  long  as  he 
entrusts  his  busmess  to  reputable  firms. 
No  matter  whether  the  amount  of  money 
to  be  invested  is  large  or  small  equal 
consideration  will  be  shown  to  a  cus- 
tomer by  reputable  brokers  or  bankers, 
and  in  these  days  no  one  need  have  the 
least  fear  of  doing  business  with  such 
houses,  as  the  small  investor  is  always 
welcome,  for  he  may  grow  into  a  largo 
investor  in  time. 


PACIFIC  GAS  &  ELECTRIC 
Before  the  first  of  the  year  the  second 
and  third  units  of  the  Bear  and  South 
Yuba  hydroelectric  developments  of  the 
Pacific  Gas  &  Electric  Company  will  be 
in  operation.  These  two  plants  will  add 
i3i33  horse-power  to  the  generating  ca- 
pacity of  the  company.  Including  the 
Drum  hydroelectric  plant,  which  has 
been  in  operation  for  several  years,  the 
company  will  have  66  666  horse-power 
at  this  development  and  a  total  of  gen- 
erating capacity  on  the  entire  system  of 
265  250  horse-power.  No  greater  quan- 
tity of  water  will  be  required  for  the 
generation  of  current  at  the  two  new 
plants,  as  they  use  the  water  which  has 
already  passed  through  the  turbines  of 
the  Drum  power  station.  The  height  of 
the  Lake  Spaulding  dam  is  being  in- 
creased 35  feet,  bringing  it  up  to  235 
feet  and  increasing  the  storage  capacity 
50  percent.  This  dam  will  be  completed 
December  i.  All  the  current  from  the 
new  plants  will  be  utilized  at  once, 
partly  by  absorption  through  new  busi- 
ness and  partly  replacing  steam  gener- 
ated power.  In  the  spring  of  1917  con- 
struction will  be  started  on  a  fourth  gen- 
erating station  of  33333  horse-power  for 
this  development,  enabling  the  companv 
to  make  the  fourth  successive  use  of  the 
same  water. 

The  company  is  preparing  to  spend 
about  $225  000  in  enlarging  its  irrigation 
system  in  Placer  county,  utilizing  the 
water  from  Lake  Spaulding  after  it  has 
served  to  produce  power.  A  78  mile 
transmission  line  to  Stockton  is  being 
constructed,  thus  giving  a  duplicate 
power  line  into  the  most  prolific  power- 
producing  territory  served  by  the  com- 
pan\-.  This  line  was  constructed  at  com- 
paratively low  cost,  as  the  company  pur- 
chased 2000000  pounds  of  copper  before 
that  commodity  began  its  rapid  advance 
in  price. 

Pacific  Gas  &  Electric  Company  on 
January  i  will  take  over  Oro  Electric 
Corporation,  the  physical  properties  of 
which  as  of  February  i,  1914.  were  ap- 
praised by  independent  engineers  at  a 
value  of  $3200000.  Since  that  time  new 
construction  has  added  to  this  valuation. 
Pacific  Gas  &  Electric  is  securing  this 
property  for  approximately  $1  600  000, 
all  of  which  has  been  advanced  from 
current  funds  of  the  company.  Oro 
Electric  in  1917  is  expected  to  contribute 
around  $160000  net  profit  to  Pacific  Gas 
&  Electric.  So  far  the  income  account 
of  Pacific  Gas  &  Electric  has  reflected 
only  the  carrying  charges  on  the  prop- 
erty as,  while  the  properties  have  been 
operated  by  the  old  company  for  the  ac- 
count of  Pacific  Gas  &  Electric  since 
February  i,  1916,  the  latter  has  included 
no  offsetting  income  in  its  earning  state- 
ments to  balance  these  carrying  charges. 
Oro  Electric  Corporation  properties  will 
fit  in  admirably  with  the  Pacific  Gas  & 
Electric  system,  and  it  controls  water- 
power  sites  with  possibilities  of  future 
hydroelectric  development  totaling  in  ex- 
cess of  130000  horse-power. 


SUPPLEMENTS  TO 
THE  DECEMBER,  1916,  ISSUE 
With  the  present  December,  1916,  issue 
of  The  Electric  Journ.\l  are  included 
two  supplements, — the  "Three-Year  Top- 
ical Index"  and  the  "Title  Page  and 
Table  of  Contents  for  1916."  As  soon 
as  the  December  issue  has  been  read, 
the  copies  for  1916,  with  Index  and  Table 
of  Contents,  may  be  sent  in  for  binding, 
prepaid.  The  price  for  binding  is  $1.50 
per  volume,  prepaid.  All  volumes  are 
bound  in  our  standard  half  Morocco 
with  gold  lettering. 


PRICES  OF  BOUND  VOLUMES 

For  the  present,  the  prices  of  bound 
volumes  of  The  Electric  Journal  will 
be  as  follows  for  volumes  III-1906, 
IV-1907,  V-1908,  VI-1909,  VII-1910, 
VIII-1911,  IX-1912,  X-1913.  XI-191}, 
XII-1915  and  XIII-1916:— 

Eleven  different  volumes  ....  $34.00 
Ten  "  "        ....    31.00 

Nine  "  "        ....     28.00 

Eight  "  "        ....     25.00 

Seven  "  "        ....     22.00 

Six  "  "         ....     19.00 

Five  "  "        ....     16.00 

Four  "  "         ....     13.00 

Three  "         ....     10.00 

Two  "         ....       7.00 

Single  volumes 4.00 

Special  prices  on  bound  volumes  in 
combination  with  subscriptions  to  the 
JouRN-\L  and  other  technical  books  will 
be  quoted  on  request.  Volumes  I-1904 
and  II-1905  are  no  longer  available. 


PERSONALS 


Mr.  Nelson  S.  Moore,  assistant  gen- 
eral manager  of  the  Electrical  Engineers' 
Equipment  Company,  Chicago,  has  sev- 
ered his  connection  with  that  company  to 
become  sales  engineer  for  Lewis  &  Roth 
Company,  Philadelphia.  Mr.  Moore  was 
with  the  Electrical  Engineers'  Equip- 
ment Company  for  over  five  years,  and 
previous  to  that  was  with  Sargent  & 
Lundy,  consulting  engineers,  Chicago. 


Mr.  H.  W.  Flashman,  who  has  been 
connected  with  the  railway  and  lighting 
department  of  the  New  York  district 
office  of  the  Westinghouse  Electric  & 
Mfg.  Company  for  a  number  of  years, 
has  resigned  to  take  charge  of  the  New 
York  office  of  the  Moulton  Engineering 
Corporation,  consulting  engineers,  of 
Portland,  Me.,  with  headquarters  in  the 
Woolworth  building.  Mr.  Flashman  en- 
tered the  engineering  apprenticeship 
course  at  East  Pittsburgh  about  nine 
years  ago  and  has  been  with  the  com- 
pany in  various  capacities  until  the  pres- 
ent time. 


Prof.  H.  V.  Bozell,  dean  of  the  School 
of  Electrical  Engineering  of  the  Univer- 
sity of  Oklahoma,  has  secured  a  year's 
leave  of  absence  to  accept  the  appoint- 
ment of  assistant  professor  of  electrical 
engineering  in  the  Sheffield  Scientific 
School  of  Yale  University. 


Mr.  J.  E.  Fries,  assistant  chief  engi- 
neer of  the  Crocker-Wheeler  Com- 
pany, and  formerly  with  V.'estinghouse, 
Church,  Kerr  &  Company,  has  resigned 
to  join  the  staff  of  the  Tennessee  Coal, 
Iron  &  Railroad  Company  as  chief  elec- 
trical engineer. 
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Mr.  T.  B.  Buck,  of  the  Westinghouse 
Electric  &  Mfg.  Company,  East  Pitts- 
burgh, has  resigned  to  enter  the  draft- 
ing department  of  the  Donora  Steel 
Company,  Donora,  Pa. 


Mr.  E.  H.  Jacobs  has  been  appointed 
chief  engineer  for  the  Electrical  Engi- 
neers' Equipment  Company,  of  Chicago. 
Mr.  Jacobs  has  been  with  the  General 
Electric  Company  for  seventeen  years, 
more  recently  as  designing  engineer  of 
central  station  control  apparatus. 


Mr.  Walter  Kleine,  of  the  New  York 
district  office  of  the  Westinghouse  Elec- 
tric &  Mfg.  Company,  has  resigned  to 
become  power  apparatus  specialist  of  the 
Northwestern  Electric  Equipment  Com- 
pany, of  New  York. 


Mr.  Gail  Reed,  general  sales  manager 
of  the  Walker  Vehicle  Company,  of  Chi- 
cago, has  joined  the  organization  of  the 
Anderson  Electric  Car  Company,  of  De- 
troit. Mr.  Reed  has  been  actively  con- 
nected with  the  electric  car  industry  for 
over  ten  years  with  such  concerns  as  the 
Wood  Motor  Vehicle  Company,  Ranch 
&  Lange  and  the  Chicago  Electric  Motor 
Car  Company. 


WESTINGHOUSE  COMPANY 

ACQUIRES  INTEREST 

IN  FEDERAL  LIGHT  &  TRACTION 

The  Westinghouse  Electric  &  Mfg. 
Company  has  acquired  substantial  hold- 
ings in  the  stock  and  other  securities  of 
the  Federal  Light  &  Traction  Company. 
The  transaction  has  resulted  in  a  change 
in  the  board  of  directors.  Mr.  Guy  E. 
Tripp,  chairman  of  the  board;  Mr.  Cal- 
vert Townley,  assistant  to  the  president 
of  Westinghouse  Electric,  and  Mr. 
Samuel  Insull,  president  of  the  Com- 
monwealth Edison  Company,  of  Chicago, 
were  elected  directors  following  the  re- 
tirement from  the  board  of  Mr.  A.  W. 
Burchard,  vice  president  of  the  General 
Electric  Company;  Mr.  R.  E.  Breed, 
president  of  the  American  Gas  &  Elec- 
tric Company,  and  Messrs.  Harrison 
Williams  and  F.  L.  Dame,  who  are 
closely  connected  with  the  public  uUlity 
enterprises  of  the  General- Electric  Com- 
pany. 

Federal  Light  &  Traction  has  a  con- 
trolling interest  in  twenty  light,  power, 
traction  and  water  properties  located 
mostlv  in  the  West. 


OFFICIAL  CHANGES 

IN  THE  WESTINGHOUSE  AIR 

BRAKE  COMPANY 

.•\t  the  annual  meeting  of  the  stock- 
holders of  the  Westinghouse  Air  Brake 
Company  the  position  of  chairman  of 
the  board  was  created  and  filled  by  the 
election  of  Mr.  H.  H.  Westinghouse. 
Mr.  John  F.  Miller,  formerly  first  vice 
president,  was  elected  to  the  office  of 
president.  Mr.  Miller  is  a  native  of 
Pittsburgh,  and  received  his  early  educa- 
tion in  the  public  schools  of  that  vicinity. 
Upon  his  graduation  from  Wooster 
Academy  he  became  connected  with  the 
Westinghouse  interests,  and  did  his  first 
Westinghouse  work  for  the  Pliiladelphia 
Company,  of  Pittsburgh.  He  later  took 
charge  of  the  real  estate  development  of 
East  Pittsburgh  and  Wilmerding  as  con- 
ducted by  the  Westinghouse  companies, 
and  subsequently  was  identified  with  im- 


portant banking  and  public  utility  inter- 
ests. In  1899  he  was  made  assistant  sec- 
retary of  the  Westinghouse  Air  Brake 
Company.  His  fitness  for  large  respon- 
sibility resulted  in  his  being  made  vice 
president  in  190S,  including,  among  his 
other  duties,  special  attention  to  the  or- 
ganization and  development  of  the  com- 
pany's interests  abroad.  Mr.  Miller's 
broad  experience,  sound  judgment  and 
conservative  temperament  as  a  banker, 
financier  and  accountant  qualify  him 
particularly  for  his  new  position. 

Mr.  A.  L.  Humphrey,  formerly  second 
vice  president  and  general  manager,  was 
made  first  vice  president  and  general 
manager  of  the  company.  Mr.  Humph- 
rey's career  and  achievements  as  a  rail- 
road official  and  general  manager  of  the 
Westinghouse  Air  Brake  Company  are 
well  known  to  railway  officers  and  manu- 
facturers. 

Mr.  Charles  A.  Rowan,  heretofore 
auditor,  was  promoted  to  the  position  of 
controller,  and  Mr.  John  H.  Eicher, 
formerly  assistant  auditor,  was  made 
auditor  of  the  company. 


TRADE  NOTES 


Harvey  Hubbell,  Inc.,  of  Bridgeport, 
Conn.,  has  recently  published  a  folder 
describing  its  new  reflectors  for  indus- 
trial lighting  service.  A  complete  line 
for  various  applications  is  shown.  .A 
shade  holder  is  included  as  part  of  every 
reflector.  Copies  of  this  folder,  includ- 
ing prices,  will  be  sent  on  request. 


The  Anderson  Electric  Car  Company, 
of  Detroit,  has  purchased  the  passenger 
vehicle  department  of  the  Walker  Ve- 
hicle Company,  of  Chicago,  and  will  han- 
dle the  manufacture  and  sale  of  these 
cars  in  addition  to  those  already  being 
produced  by  the  Anderson  organization. 


The  Kelvin  Engineering  Company, 
Inc.,  which  became  known  several  years 
ago  for  its  revolutionizing  originality  in 
the  complete  electrification  of  Central 
Amistad,  one  of  the  largest  cane  sugar 
mills  in  Cuba,  and  since  similarly 
equipped  many  other  mills,  has  published 
a  bulletin  illustrating  and  describing 
some  of  the  work  it  has  done  and  the  re- 
sults it  has  accomplished.  It  shows  by 
actual  test  data  the  economic  comparison 
of  modern  electrification  with  the  older 
steam  drive.  The  bulletin  also  illustrates 
and  describes  its  sugar  house  apparatus, 
multiple  effects,  evaporators,  vacuum 
pans,  etc.  This  bulletin  is  printed  in  both 
English  and  Spanish,  and  a  copy  of 
either  will  be  sent  upon  addressingthe 
home  office,  32  Broadway,  New  York 
Citv. 


FACTS  ABOUT  GEARS 

Despite  the  fact  that  gears  of  some 
sort  are  found  in  almost  all  machinery 
it  is  safe  to  say  that,  apart  from  the 
purely  technical  men,  very  few  gear 
users  have  any  real  conception  of  the 
minute  attention  to  detail  involved  in 
the  making  of  even  a  passable  gear.  In 
the  matter  of  inspection  alone  the  jigs 
and  gages  employed  represent  a  sum  of 
money  seemingly  out  of  all  proportion 
to  the  money  value  of  the  product,  and 
competent  gear  inspectors  are  not  a  drug 
on  the  market  by  any  means ;  conse- 
quently their  wages  are  a  thing  to  be 
reckoned  with.     Of  course,  to  the  man 


who  regards  a  gear  merely  as  a  toothed 
wheel  which  turns  another  wheel,  the  re- 
finements and  requirements  of  gear- 
making  processes  will  not  be  of  any 
great  interest,  but  to  the  man  who  insists 
that  gears  shall  measure  up  to  a  certain 
ifficiency  standards  any  authoritative  in- 
formation on  the  subject  will  be  welcome 
indeed.  For  the  benefit  of  the  latter 
class  of  gear  buyers  the  Van  Dorn  & 
Dutton  Company,  of  Cleveland,  O.,  has 
issued  a  booklet  with  the  succinct  title, 
"Facts  About  Gears."  A  few  views 
.showing  the  more  important  departments 
of  the  Van  Dorn  &  Dutton  plant,  and 
two  pages  giving  suggestions  as  to  the 
.'election  of  materials  for  certain  quali- 
lies,  heat  treatment  and  specifications, 
are  the  only  portions  of  the  booklet 
which  are  not  strictly  technical.  The  re- 
maining pages  are  packed  with  valuable 
data  on  gearing  terms,  drawings  and 
specification  formulae  for  every  type  of 
gearing.  Nothing  is  omitted  which 
might  be  of  value  to  the  gear  buyer  in 
making  up  specifications  covering  his 
particular  requirements.  There  are  21 
sections,  a  perusal  of  which  will  enable 
even  the  non-technical  gear  user  to  fig- 
ure out  specifications  for  any  system  of 
gears.  The  sections  treat  respectively  of 
different  type  of  gears,  facts  about  gears, 
gearing  terms,  how  to  order  gears  of  all 
kinds,  spur  gear  specifications,  bevel  and 
mitre  gear  specifications,  worms  and 
worm  gears,  sprocket  specifications, 
Lewis'  rule  for  strength  of  gear  teeth, 
diametrical  pitch-formulae,  diametrical 
pitch-table,  circular  pitch-formulae,  cir- 
cular pitch-table,  decimal  equivalents  of 
113  fractional  dimensions  of  one  inch, 
decimal  equivalents  of  fractions  of  milli- 
meters, metric  pitch  module,  standard 
keyways,  comparative  size  of  gear  teeth, 
weights  of  round  steel,  weights  of  metals, 
circumferences  and  areas  of  circles  from 
1/64  inch  to  100  inches.  As  a  digest  of 
specialized  gear  data  the  booklet  is 
worthy  of  a  place  in  every  gear  user's 
reference  library.  Interested  persons 
may  obtain  copies  from  the  Van  Dorn  & 
Dutton  Company's  general  offices  at 
Cleveland,  Ohio. 


NEW  BOOKS 
"Principles  of  Alternating-Current  Ma- 
chinery" —  Ralph  A.  Lawrence.  614 
pages,  173  illustrations.  Published  by 
McGraw-Hill  Book  Company,  New 
York  City.  Price  $4.50. 
This  is  an  electrical  engineering  text 
dealing  with  the  principles  underlying 
the  construction  and  operation  of  alter- 
nating-current machinery.  It  is  no  sense 
a  hook  on  design,  but  is  based  on  the 
author's  experience  in  teaching  senior 
students  at  the  Massachusetts  Institute 
of  Technology.  Mathematics  is  used 
throughout  the  work,  including  graphical 
methods.  The  alternator  and  synchro- 
nous motor  is  discussed,  followed  by  a 
section  on  static  transformers,  including 
reactance  coils,  three-phase  transformers 
and  different  methods  of  connecting 
transformers.  \  chapter  is  devoted  to 
synchronizing,  to  hunting  and  to  power 
output  of  alternators  operating  in  par- 
allel, and  the  effect  of  wave  form  on 
parallel  operation.  Commutating  poles 
are  also  discussed  and  illustrated.  Con- 
siderable space  is  devoted  to  induction 
motors,  including  single-phase  motors, 
with  sections  on  singly-fed  series  motors, 
doubly- fed  series  and  repulsion  motors 
and  compensated  repulsion  motors. 
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NEW  BOOKS 

"Light  and  Shade"— M.  Luckiesh.  277 
pages,  135  illustrations,  10  tables.  Pub- 
lished by  D.  Van  Nostrand  Company, 
New  York  Cit3'.  Price  $2.50. 
The  sense  of  vision  is  dependent  pri- 
marily upon  the  relative  effects  of  light 
and  shade,  color  vision  being,  as  pointed 
out  by  Mr.  Luckiesh,  of  importance 
principally  from  the  aesthetic  standpoint, 
as  color-blind  persons  see  objects  almost  . 
as  clearly  as  those  not  so  unfortunate. 
The  author  does  not,  however,  disparage 
color  vision ;  the  present  work  is,  in  fact, 
a  companion  volume  to  his  book  on 
"Color  and  Its  Applications."  The  im- 
portance of  the  subject  of  light  and 
shade  in  the  author's  viewpoint  is  ex- 
pressed as  follows : — "He  who  has 
learned  the  science  of  light,  shade  and 
color,  who  has  learned  to  observe  and 
record  them,  and  has  learned  to  manipu- 
late them  to  produce  various  effects,  has 
learned  the  means  by  which  achieve- 
ments may  be  obtained.  He  has  grasped 
the  science  and  is  prepared  to  master  the 
art." 

This  book  is  a  condensed  record  of 
several  years'  research  in  the  science  of 
light  and  shade:  some  of  the  illustra- 
tions will  be  recognized  by  those  who 
have  heard  the  author  lecture.  While 
written  by  an  illuminating  engineer,  it  is 
not  at  all  a  work  on  illuminating  engi- 
neering. Rather  he  has  been  led  by  his 
studies  to  analyze  the  fundamental  prin- 
ciples of  lighting  as  it  affects  vision,  and 
his  work  represents  probably  the  first 
scientific  analysis  of  the  effects  of  shades 
in  correct  vision. 

Photographers  have  recognized  for 
years  that  too  uniform  lighting  is  objec- 
tionable, as  it  does  not  throw  the  fea- 
tures into  sufficient  relief.  A  point  light 
source,  on  the  contrary,  is  objectionable, 
as  it  produces  too  harsh  shadows.  What 
is  desired  is  enough  direction  of  light  to 
bring  out  the  correct  modeling  of  the 
features,  with  at  the  same  time  enough 
dispersion  of  light  to  produce  softness 
and  roundness.  The  application  of  these 
same  principles  to  all  lighting  is  made  in 
detail  by  Mr.  Luckiesh's  analyses. 

The  book  is  replete  with  illustrations 
representing  numerous  experiments  on 
light  and  the  resulting  shadows.  The  de- 
gree of  contrast  between  light  and  shade 
in  nature  is  studied  and  analyzed  at 
some  length  and  incidentally  compared 
with  the  degree  of  contrast  available  in 
painting  and  photography.  The  author 
explains  that  one  of  the  great  difficulties 
in  obtaining  suitable  illustrations  is  due 
to  the  extreme  limitations  of  the  photo- 
graphic processes  as  compared  with  the 
eye.  Hence  the  contrast  in  shadows  in 
many  of  the  illustrations  represents  only 
a  small  part  of  their  range  as  seen  by  the 
eye.  The  photographic  plate  and  papers 
are  analyzed  in  some  detail  in  explana- 
tion of  the  short  range  of  contrasts 
available  by  this  process  and  of  the  in- 
correct representations  of  colors  by  all 
ordinary  plates. 

It  would  naturally  be  e-xpected  that 
the  effects  of  too  contrasting  and  too 
uniform  lighting  would  be  very  mani- 
fest in  sculpture  and  bas-reliefs.  These 
effects  are  brought  out  excellently  by 
the  illustrations  and  in  the  discussion, 
which  applies  not  only  to  sculpture,  but 
to  all  architecture.  One  would  hardly 
e.xpect,  however  (unless  previously  fa- 
miliar with  the  author's  work)  that  the 
direction  of  light  would  have  as  much 
eft'ect  upon  a  perfectly  flat  painting  as  is 
brought   out   by   the   experiments   along 


this  line.  The  application  of  the  prin- 
ciples deduced  from  the  numerous  ex- 
periments, as  given  in  the  chapters  on 
sculpture,  architecture,  painting,  photog- 
raphy, and  the  effect  of  light  and  shadow 
on  vision,  and  lighting,  should  prove  of 
great  value  to  all  who  are  interested  in 
illuminating  engineering.  C.  R.  R. 


"Radiodynamics" — B.  F.  Meissner.  206 
pages,  112  illustrations.  Published  by 
D.  Van  Nostrand  Company,  New  York 
City.     Price  $2.00. 

From  a  wide  experience  as  Expert 
Radio  Aide  in  the  U.  S.  Navy,  the  au- 
thor gives  a  complete  summary  of  pres- 
ent methods  of  controlling  torpedoes 
and  other  mechanisms  by  wireless  equip- 
ment from  a  distance.  In  order  to  make 
the  book  of  value  to  those  who  have  not 
previously  studied  the  subject,  he  gives 
an  excellent  historical  and  physical  in- 
troduction to  the  general  subject  of  wire- 
less telegraphy  and  wireless  signals,  in- 
cluding signals  by  sound  and  light  waves 
through  water  and  through  the  air.  It 
is  relatively  easy  to  equip  a  torpedo  or 
small  boat  with  wireless  equipment 
which  will  enable  its  movements  to  be 
controlled  from  the  shore  under  ideal 
conditions,  and  a  number  of  such  sys- 
tems are  described.  The  difficulty  comes 
in  devising  a  mechanism  wdiose  move- 
ments will  be  free  from  interference 
from  wireless  signals  sent  out  by  the 
vessel  which  is  being  attacked.  The 
equipment  must  also  be  extremely  sen- 
sitive and  at  the  same  time  must  be  suf- 
ficiently rugged  and  reliable  to  with- 
stand the  mechanical  shocks  received 
from  the  tossing  of  a  small  vessel  run- 
ning at  high  speed  in  the  open  sea,  and 
must  be  sufficiently  constant  in  action 
not  to  need  adjustment.  Practically  all 
wireless  receiving  equipments  used  in 
telegraphy  need  occasional  adjustment 
from  the  operator  to  obtain  best  results : 
this  is  manifest  impossible  in  a  case  of 
a  dirigible  torpedo.  The  various  types 
of  apparatus  for  obtaining  selectivity,  as 
well  as  the  other  apparatus  necessary  for 
torpedo  control,  are  described  and  il- 
lustrated. The  descriptions  apply,  of 
course,  equally  well  to  the  control  of 
other  mechanisms  than  torpedoes  and, 
since  the  principles  and  apparatus  used 
are  broadly  similar  to  those  used  in 
wireless  telegraphy,  the  book  should  be 
of  interest  and  value  to  anj'  wireless 
operator.  c.  R.  R. 


shop  whistles,  time-keeping  apparatus, 
etc.  While  the  author  is  particularly 
conversant  with  Shop  Lighting,  only  a 
small  amount  of  space  has  been  devoted 
to  this  subject,  merely  enough  to  give  a 
general  idea  as  to  the  possibilities. 
Motors  and  Motor  Applications  are  dis- 
cussed at  length,  including  methods  of 
armature  winding  and  numerous  appli- 
cations to  various  types  of  apparatus. 


"Handbook  on  Machine  Shop  Electric- 
ity"— C.  E.  Crewell.  461  pages.  61 
illustrations,  handbook  size.  Published 
by  McGraw-Hill  Book  Company.  New- 
York  City.  Price  $3.00. 
This  handbook  is  for  the  use  of  the 
practical  shop  man  and  includes  such 
subjects  which  apply  in  one  way  or  an- 
other to  particular  uses  of  electric  power 
in  shop  operations.  Numerous  refer- 
ences to  JouRX.\L  articles  are  included. 
The  book  is  divided  into  ten  sections 
on, — Units  ;  Circuits  :  Costs  ;  Communi- 
cations and  Distant  Control ;  Current 
Supply:  Generators  and  Transformers; 
Electrochemical,  Soldering  and  Weld- 
ing :  Heating  and  Magnetic  Apparatus : 
Measuring  Instruments  and  Measure- 
ments :  Motors  and  Applications,  w-ith  a 
small  amount  of  space  devoted  to  wiring 
methods,  and  much  of  this  refers  to 
knob  and  tube  wiring,  which  is  not  now 
considered  the  highest  class  of  factory 
wiring.  Under  Communication  and  Con- 
trol are  included  alarms  for  sprinkling 
systems,    electric    clocks,    door    openers. 


"Power  for  Profit" — Reginald  P.  Bolton. 

8.5.XIO  inches,  198  pages.    Published  by 

the   Devinne    Press,    New   York   City. 

Price  $2  00. 

This  work  takes  up  in  detail  the  prob- 
lems involved  in  the  use  of  machinery 
and  labor  in  modern  buildings.  The  au- 
thor brings  out  the  fact  that  the  entire 
cost  in  providing  and  operative  equip- 
ment is  seldom  fully  reckoned.  Usually 
only  the  apparent  items  are  considered, 
and  all  collateral  expenses  and  other  ele- 
ments of  costs  which  in  the  aggregate 
may  become  a  serious  investment  burden 
are  unfortunately  overlooked.  The  re- 
sult of  such  practice  is  a  direct  loss  to 
the  community  and  is  nothing  more  or 
less  than  economic  crime.  The  sound- 
ness of  centralization  utility  service  is 
dwelt  upon,  as  well  as  the  fallacy  of  the 
indiscriminate  installation  of  isolated 
plants.  Rather  simple  language  has  been 
employed  as  opposed  to  the  customary 
technical  descriptions  embodied  in  treat- 
ises of  this  nature.  This  enables  the  lay- 
man, and  particularly  the  building  man- 
ager who  may  not  be  well  grounded 
technically,  to  grasp  the  situation  more 
easily  and  consequently  guard  against 
being  misdirected  by  those  who  may  en- 
deavor to  dispose  of  power  plant  ma- 
chinery irrespective  of  its  ultimate  ad- 
vantage to  the  purchaser.  In  addition  to 
building  managers  and  architects,  central 
station  men  may  examine  the  contents  of 
this  book  with  much  profit.  E.  D.  D. 


"Cost  .\ccounting" — J.  Lee  Nicholson, 
C.P..A..  6x9  inches,  327  pages,  93  illus- 
trations. The  Ronald  Press  Company, 
New  York  City.  Price  $4.00. 
The  more  successful  manufacturing 
corporations  are  those  who  make  a  prac- 
tice of  determining  the  individual  costs 
of  their  various  products.  Much  prog- 
ress has  been  made  in  this  direction  in 
recent  years,  and  many  concerns  have 
their  cost  statements  on  a  very  satisfac- 
tory basis.  There  is,  however,  vast  op- 
portunitj'  for  improvement  by  those 
managements  which  have  been  lacking 
in  this  respect.  Numerous  books  on  the 
subject  of  cost  accounting  have  already 
been  offered  to  the  public,  but  a  new 
volume  with  fresh  material  will  meet 
with  a  large  demand,  and  a  review  of 
this  work  furnishes  conviction  that  it 
merits  a  place  among  the  best  reference 
literature  on  the  subject.  The  first  part 
of  the  book  is  given  over  to  the  funda- 
mentals of  cost  systems  and  sets  out  the 
different  wage  plans  in  vogue,  also  the 
several  bases  of  pursuing  cost  account- 
ing. Compiling  cost  data,  devising  cost 
systems  and  plant  examinations  are  three 
prominent  chapters  of  the  twenty  of 
which  the  book  is  composed.  While  each 
plant  must  have  its  forms  adapted  to  its 
needs,  the  author  has  included  an  exten- 
sive series  of  forms  which  should  prove 
quite  an  instructive  guide  in  the  install- 
ing of  a  new  system.  The  book  has 
much  to  recommend  it  for  those  seeking 
enlightment  on  this  branch  of  business 
which  is  becoming  of  increasing  impor- 
tance. E.  D.  D. 
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1914 
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MARCH    
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1914  1915  1916 

JULY    1065-1075  1199-1207  1315-1326 

AUGUST    1076-1110  1203-1210  1327-1354 

SEPTEMBER  1111-1127  1211-1231  1355-1371 

OCTOBER   1232-1245  1372-1380 

NOVEMBER  1128-1135  1246-1257  1381-1392 

DECEMBER  1136-1139  1258-1264  1393-1413 


MECHANICAL    ENGINEERING 


Hecent  Developments  in  Air  Brakes — 

H.  C.  Donaldson.  Variable  load  brake. 
Empty  load  br.ake.  Univt-r.sal  equip- 
ment. 1-4,  W-3140.  Vol.  XII.  p.  467, 
Oct.,  '15. 

Drilling'  Square  and  Hexagonal  Holes 
— C.  B.  Auel.  1-4,  W-560.  Vol.  XI,  p. 
99.    Feb..   '14. 

Die  Castings — W.  H.  Scherer.  C-1, 
D-1,  1-3,  W-:;340.  Vol.  XII,  p.  109,  Mar., 
•15. 

The  Development  of  the  Oscillator — 
P.  M.  Lincoln.  Magnetic  and  mechani- 
cal tvpes.  D-2.  I-l.  W-ISSO.  Vol.  XII. 
p.    162,    Apr.,    '15. 

Fnenmatically-Operated  Devices  on 
Iiocomotlves  and  Cars — P.  M.  Nellis. 
\V-1560,      Vol.  XIII,   p.    471,  Oct.,   '16. 

The  Modern  Water  'Wheel — P.  M.  Lin- 
coln. (E)  W-410.  Vol.  XII,  p.  341, 
Aug-.,    '15. 

•Water   -Wheel— QB.    1314,    13 5 S. 

Bakelite  Micarta-D  Gears  and  Pinions 
— T.    D.    Lynch    and    R.    E.    Talley.      1-7, 


W-1S70.     Vol.  XIH,  p.   36S,   Aug.,   '16. 

(E)      Chas.    R.    Rlker.      ■W-320.    p.    363. 

Tests   of   Railway  Uotor  Gearing — II. 
K.     Hardcastle.       T-1,    1-4,    'W-eOO.      Vol. 

XII,  p.    52S,    Nov.,    '15. 

Fitch  Diameter  of  'V'-Grooved  Pulleys 
— C.    A.    M.    Weber.       D-2.      W-310,    Vol. 

XIII,  p.    392,   Aug-.,   '16. 
Belt   Slippag-e — QB,    1030. 
Care   of  Belts — QB,    1223. 

Air    Compressor    Operation — QB.    1107. 
Pumps  in  Tandem — QB,    1146. 
Silvering  a  Mirror — QB,  1149. 
Characteristics    of    Pan    Blades — O.    S. 
Jennings.      C-S.    1-4,    W-3600.      Vol.   XIII, 


p. 


De 


■16. 


Air  Moved  by  Pan — QB.   1239. 

Pan  Blades — QB,    1278. 

Bridge   Paint — QB,    1344. 

Effect    of    Gas    on    Engine    Farts — QB, 

1259. 


large   Steam   Turbine   Practice — J.    P. 

Johnson.  T-2.  C-1,  1-6,  W-3D00.  Vol. 
XIII.    p,    25S.    June,   '16. 

Bfficiency  Tests  of  a  30  000  Xw  Crosa- 

Conipound    Steam    Turbine II.    ci.    Stott 

and  W.  S.  Piiilay.  In  the  74th  Street 
Station  of  the  Interborough  Company. 
T-2,  C-3,  I-l,  W-SISO.  Vol.  XIII,  p.  335, 
July.   '16. 

(E)      E.  H.   Sniffln.     VVr-710.  p.   323. 

The  Relation  of  Stokers  to  Smoke 
Abatement — .1.  C.  Woii^.r,  Causes  of 
snu.k.'.  S.lecti.iii  of  sl..li,-r  equipment. 
T-2,  C-2,  Ii-l.  1-T,  \V-:!'.I20.  Vol.  XIII, 
p.    473,    Oct.,    '16. 

Small  High-Speed  Steam  Turbines — 
H.  D.  Storer.  C-2.  1-7.  W-1740.  Vol. 
XIII,   p.    S2.   Feb..   '16. 

Efficiency    of    Turbines     QB,    1097. 

■Velocity    Ratio     Ql'..    i'.'.'.Ki. 

Operating  Non-Condensing — QB,  1397. 

Super-lieated    Steam — QB,    1126. 

Pitting   of   Tubes — QB.    1150. 

Boiler   Maintenance — QB.    1275. 


ELECTRICAL    ENGINEERING 


GENERAL 


Reviews  of  Progress  in  the  Electrical 
Pield  during  1913 — A  Business  Survey, 
G.  E.  Tripp;  Development  in  New  York 
City,  H.  W.  Plashnian;  Government  En- 
gineering Work,  H.  M.  Southgate;  A.  E. 
R.  A.,  Chas.  M.  Black;  A.  I.  E.  E.,  P.  L. 
Hutchinson;  The  Steam  Power  Plant 
Situation,  H.  A.  Rapelye;  Air  Brake  De- 
velopment. S.  W.  Dudley;  Railway  Sig- 
naling, Harold  McCready;  General  Ap- 
plication of  Electric  Power,  H.  D. 
James;  Detail  Apparatus,  G.  Brewer 
Griffln;  Central  Station  Appartus.  E.  P. 
Dillon;  Industrial  Motor  Applications, 
J.  M.  Curtin;  Railway  Apparatus,  G.  M. 
Eaton;  Industrial  Training.  C.  R.  Doo- 
ley;  Electric  Vehicles,  Bernard  Lester; 
Transformer  Progress,  W.  M.  McCona- 
hey;  Industrial  Engineering,  J.  M.  Hip- 
pie; Generating  Apparatus,  P.  D.  New- 
bury; Detail  Apparatus,  T.  S.  Perkins; 
Mazda  Lamps.  W.  H.  Rolinson.  (E)  W- 
24  400.     Vol.  XI.  pp.   3  to  27.  Jan.,  '14. 

Electrical  Progress  for  1914 — P.  M. 
Lincoln.  (B)  W-2930.  Vol.  XII,  p.  1, 
Jan.,   '15. 

Electrical  Progress  in  1915 — (E)  ^W- 
640.      Vol.    Xin.    p.    1.    Jan..   '16. 

The  Trend  of  Electric  Power  Develop- 
ments— E.  M.  Herr.  (E)  W-S60.  Vol. 
XIII.    p.    437.    Oct.,    '16. 

ITnlversal  Electricity  Supply — Samuel 
InsuU,  W-2S40.   Vol.  XIII,  p.  243,  June,  '16. 

The  Central  Station  as  a  Factor  In 
Industrial  Development — R.  S.  Orr.  I-l, 
W-1190.      Vol.    XIII,    p.    246,    June,    ■16. 

Electric  Service  Problems  and  Possi- 
bilities —Peter  Junkersfeld.  Conserva- 
tion of  coal.  Diversity  factor.  Rail- 
way electrification.  Public  relations. 
T-3.  C-6.  D-2.  VSr-6210.  Vol.  XIII.  p. 
250,   June,   '16. 

(E)  Edwin  D.  Dreyfus.    W-520.    p.  239. 

A  Discussion  of  Present  Conditions  in 
the  Electrical  Industry — E.  W.  Rice,  Jr. 
\V-3440.      Vol.   XIII.    p.    443.   Oct..   '16. 

An  Analysis  of  the  Electrical  Manu- 
facturing Situation  <;uv  E.  Tripp.  W- 
4140.      Vol.   XI  11.   ]>.    116.   Oct.,   '16. 

The  Trend  of  Electrical  Development 
—P.  M.  Lincoln.  lOlliciency.  Tempera- 
ture. Costs.  W-4160.  Vol.  XII,  p.  356, 
Aug.,   '15. 

The  Effect  of  Federal  Iiegislation 
upon  Public  TJtilities — Guy  E.  Tripp. 
I-l,  W-800.      Vol.  XI,  p.   503,  Oct.   '14. 

TTtilitles  from  the  Public  'Viewpoint — 
Calvert  Townlev.  (E)  W-650.  Vol.  XI, 
p.    500.   Oct.,    '14. 

The  Public  Demand — T.  P.  Gaylord. 
(E)    W'-500.      Vol.    XII,    p.    432,    Oct.,    '15. 

Progress  in  the  Electric  Industry L. 

A.  Osborne.  (E)  VVr-625.  Vol.  XII,  p, 
221,    June,    '15. 

Present  Commercial  Conditions  in 
Bonth  America — Calvert  Townley.  T-1, 
1-3,  ■VP-2520.  Vol.  XII,  p.  295,  July,  '15. 
(E)    E.    M.    Herr.      W-600.      p.    293. 


Juii 


'14. 


The  N.  E.  I..  A.  for  1915 — H.  H.  Scott. 
W-740.      \'i>\.   XII.  p.   224,   June.   '15. 

The  -Work  of  the  National  Electric 
I^ight  Association — E.  W.  Lloyd.  I-l . 
W-SOO.     Vol.   XIII.   p.   241.   June.   '16. 

Electric    'Vehicle    Section    of    the    N. 

E.   Ii.   A Walter    H.    Johnson.      I-l,   W- 

650.      Vol.   XIII.   p.   242.   June.   '16. 

Balanced  Engineering — B.  A.  Behrend. 
W-122II,       \r>l.    XII.    p.    521.    Nov..    '15. 

Psychology  of  Public  lltUities — 
George  1'.  Hou.\.  W-1500.  Vol.  XII,  p. 
513.    Nov.,    '15. 

The  Snail  Shell— R.  A.  Philip.  An 
example  in  capitalization.  I-l,  W-1640. 
Vol.  XII,  p.  526,  Nov.,  '15. 

An  Opportunity  for  the  A.E.B.A. — N. 
W.  Storer.  (E)  W-1380.  Vol.  XI,  p. 
499,   Oct.,   '14. 

Editorial  Resume — (E)  W-SOO.  Vol. 
XI.  p.  :i'.i:;,  .lum-,  '14. 

The  Risk  Involved  in  Directing  a 
Stream  of  ^Water  onto  a  High  Tension 
line — T-2,  C-o.  I-l,  \V-1340.  Vol.  XI, 
p.    450.    Aug.,    '14. 

The  Engineering  Evolution  of  Electrical 
Apparatus — 

I — The  Beginnings  of  the  Alternating- 
Current  Svstem — Chas.  P.  Scott.  C-1, 
1-13,    W-6775.      Vol.    XI,    p.    28,    Jan..    '14. 

II,  HI,  I'V — The  Alternating-Current 
Generator  in  America — B.  G.  Lamme. 
D-2,  1-29,  W-16  000.  Vol.  XI,  p.  73,  Feb., 
•14;  p.   120,   Mar..  '14;   p.   221.  Apr.,  '14. 

■V,  ■VI — The  Evolution  of  the  Poly- 
phase Induction  Motor — R.  S.  Peicht. 
1-29,  W-7S40.  Vol.  XI,  p.  398,  July,  '14; 
p.   437,  Aug.,  •14. 

■VII The  Evolution  of  the  Trans- 
former— J.   S.   Peck.      1-19,  W-4340.     Vol. 

XI.  p.   476.  Sept.,  '14. 

'VIII — The  Evolution  of  Industrial 
Controllers — T.  S.  Perkins.  D-1.  1-30. 
W-3720.      Vol.  XI.   p.   695,  Dec,   '14. 

IX — The  History  of  the  Rotary  Con- 
verter in  America — P.  D.  Newbury.  D-2. 
1-24.  W-6190.     Vol.  XII,  p.  27,  Jan.,  •IS. 

X,  XI,  XII,  XIII — The  Development 
of  the  Direct-Current  Generator — B.  G. 
Lamme.  I-IO.  W-30  130.  Vol.  XII,  p. 
65,  Feb.,  •IS;  p.  115,  Mar.,  '15;  p.  164, 
Apr.,  '15;  p.   212,   May,  '15. 

XI^V,  XV,  XVI — The  Evolution  of  the 
Switchboard — B.  P.  Rowe.  1-66,  W- 
10  450.  Vol.  XII,  p.  320,  July,  '15;  p. 
370,  Aug.,   '15;   p.    408,   Sept.,  '15. 

XVII,  XTIII,  XIX,  XX — The  History 
of  the  Arc  Lamp — F.  Conrad  and  W.  A. 
Darrah.      C-1,   D-12,   1-49,  W-10  900.      Vol. 

XII,  p.  517,  Nov.,  '15;  p.  560,  Dec,  '15; 
Vol.  XIII,  p.  103,  Feb.,  '16;  p.  140,  Mar., 
•16. 

XXI,  XXII — The  History  of  the 
Lightning  Arrester — A.  J.  Wurts.  D-2, 
I-ll,  W-6500.  Vol.  XIII,  p.  187,  Apr., 
•16;  p.  209,  May,  ^16. 


XXIII — The  History  of  the  Lightning 
Arrester — R.  P.  Jackson.  D-2,  1-7,  W- 
1870.      Vol.    XIII,    p.    299,    June,    '16. 

Trees  Killed  by  Electricity — QB,   1226. 

Kind    of    Current — QB.    1365. 

MATERIALS 

Effect  of  Direction  or  Grain  on  Mag- 
netic   Properties    of    Sheets    of   Steel — L. 

W.  Chubb  and  T.  Spooner.  T-.x.  C-6, 
L)-3,  \V-16S0.   Vol.  XIII.  p.  393.  Aug.,  ■le. 

The  Cost  of  Electrical  Raw  Materials 
— C.  S.  Cook.  (E)  W-460.  Vol.  XIII,  p. 
439.    Oct.,    ^16. 

Silicon   Steel — EN,    XIII,    151. 

Insulation 

Some    Practical    Insulation    Problems 

— B.  G.  Lamme.  Heat  conductivity.  Me- 
chanical strength.  Moisture  proofing. 
W-5000.      Vol.    XII.   p.    39.    Jan..    'lb. 

Industrial  Motor  Insulation — J.  L. 
Rylander.       W-1S60.       Vol.     XII,     p.     558, 


De 


■15 


The  Electrolytic  Insulation  of  Alum- 
inum -Wire — C.  E.  Skinmr  and  L.  W. 
Chubb  Process.  I'ropeilics.  T-1,  D-5, 
W-2170.      Vol.    XII,    p.    7S,    Feb..   ■IS. 

A  Quality  Test  for  Sheet  Insulation 
— Phillips  Thomas.  Comparison  of  power- 
factors  as  low  as  0.5  per  cent  in  capac- 
ities as  small  as  0.0005  microfarads. 
D-3.    W-2120.      Vol.    XI.    p.    62S.    Nov..    '14. 

Methods  of  Testing  Electrical  Porce- 
lain— A.  Chernyshoff  and  C.  A.  Butman. 
Short  impulse.  Single  impact  and  high 
frequency  methods.  The  theory  of  ioni- 
zation. T-8,  C-2,  D-3,  1-13,  W-4540.  Vol. 
XII.   p.    282.   June.   ■IS. 

Vacuum    Impregnating — EN, XII. 4  6. 

Voltage    Gradient      lO.X.XI  1.46. 

Gauze  Tape      i:,\..\  I  I.  It;. 

Insulation    Resistance- -EN. XI  1. 85. 

Insulation   Bum-Out — QB.    1088. 

Bakelite   Impregnation — QB.    1100. 

Solvent   for  Bakelite — QH.    1273. 

Removing   Insulation — QB,    1103.    1137. 

Insulator   Cement      i.Ji;.    1115. 

Frost  on  Insulators — f.il\.    1195. 

Detecting  Faulty  Insulators — QB.1210. 

Varnishes — QH.    122  7. 

MEASUREMKXT 

General 

Measuring    Idle    Volt-Amperes — H.    B. 

Tavlor.  Wattmeter  connections.  D-2, 
1-2,  T-1,  W-1260.  Vol.  XI.  p.  97.  Feb.. 
■14. 

Central  Station  Testing  Departments 
— Al.xan.l.T  Maxwell.  D-1,  W-2240.  Vol. 
XII.   p,    2:;ii.   June,   •IS. 

Z  Connection — .V.  J.  A.  Peterson.  T-2, 
D-15,  W-1940.   Vol.  XII.  p.   522,  Nov.,  •IS. 

Current  in  Three-Phase  Circuit  with 
One  Ammeter — QB.    10:i0. 

Power  in  One  Direction — QB,    1148. 

Power  Measurements — QB,    1212,    1213. 

Reading    Oscillograms — QB,    1299. 
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Meters 

Types   and  Uses   of  Graphic  meters — 

Paul  MacGahan.     C-3,  1-4.  W-2o00.     Vol. 

XI,  p.    3C9.   June,   '14. 
Classiflcation,    Construction    and    Ap- 
plication   of   (rraphic    Recording    Meters 
—A.    E.    Allen.      D-1,    1-5,    W-3250.      Vol. 

XII,  p.   497,  Nov.,   '15. 
Constant  of — QB,    1044. 
Connections — QB,    12SS. 

Portable  Indicating'  Meters — H.  B. 
Taylor.  1-5,  W-2335,  Vol.  XI,  p.  373, 
June,  '14. 

Instnunent  Trans.  Batio — QB,  1094. 

Multiplier — QB,    1155. 

Ammeter   Shunt — QB,    1251. 

3-Fliase  Power-Pactor — EN,  XIII,   235. 

Testing  Power-Pactor  Meter  —  QB, 
1270. 

Wattmeters 

'Watt-Hour  Demand  Meters — C.  A. 
Boddie.  Principles  of  operation.  Ap- 
plication. 1-7,  W-31S0.  Vol.  XI,  p.  314, 
June,   '14. 

Measuring  Maximum  Demands — S.  G. 
Hibben.       C-2,     D-1,     1-3,    W-2S45.       Vol. 

XIII,  p.   5S2,   Dec,  '16. 
Calibration — QB,  105S. 

■Wattmeter  Connections  —  QB,  1067, 
1151,    11S5,    1225. 

Capacity    of    Meter    Trans. — QB,    1105. 
Three-Phaso   leads — QB,    112S. 
Testing  Speed — QB.   113S. 
Testing  Polyphase — QB,    11S2. 
Wattless  Component  Meter — QB,   1190. 
Constant    -QB.   1294. 
Vibration— QB,   1325. 
Bent  Pointer — QB,    1332. 


Relays 

The  Use  of  Protective  Belays  on  A. 
C.  Systems — L.  N.  Crichton.  Radial  dis- 
tribution. Parallel  feeders.  Ring  sys- 
tems. Networlis.  Calculation  of  short- 
circuit  current.  Relay  accuracy.  Effect 
of  unbalanced  short-circuits.  The  pro- 
tection of  apparatus.  T-2,  C-5,  D-1 3, 
1-2,  W-S500.      Vol.  XIII,  p.   339,  July.  '16. 

The  Protection  of  Transmission  Cir- 
cuits by  Belays — P.  E.  Ricketts.  C-5, 
D-5,  I-l,  W-29S5.  Vol.  XI,  p.  227.  Apr.. 
'14. 

(E)   P.   MacGahan.     W-350,  p.   1S5. 

A  load  Proportioning  Belay — B.  H. 
Smith.  For  dividing  the  load  between 
direct  and  alternating-current  systems 
throug:h  a  motor-generator  set.  D-2, 
1-3,  W-lor.5.     Vol.  XI.  p.  2s5.  Jlay,  '14. 

A  Series — Transformer  Tripping  De- 
vice for  Circuit  Breakers — B.  H  Smith. 
With  time  element  relay.  D-2,  1-2,  W- 
800.      Vol.   XI,  p    620,   Nov.,   '14. 

(E)    T.    A.    McDowell.      W-410,    p.    609. 

The  Selective  Time  Element  of  Be- 
lays— Paul  MacGahan.  Types.  Rela- 
tion to  circuit  breaker  rating.  C-3,  D-2, 
1-4,  W-24S5.     Vol.  XII,  p.  91,  Mar.  '15. 

(E)  F.  E.  Ricketts.     W-365,  p.  90. 

Reverse  Power  Belays — Paul  MacGa- 
han and  B.  H.  Smith.  Development, 
construction  and  application.  C-3,  D-4, 
I-IO,  W-3nOO.  Vol.  XII,  p.  417,  Sept., 
'15. 

Shunt  Pleld  Protective  Belays — J.  H. 
Albrecht.  C-1,  W-570.  Vol.  XII,  p.  566, 
Dec,   '15. 


Overload  Belays  for  Isolatlngr  Defec- 
tive Apparatus — M.  Cornelius.  D-5,  W- 
1070.      Vol.    Xll.   p.    366.   Aug.,   '15. 

Over-load   Belays — QB.    in.'i6. 

Beverse  Phase  Relay  Magnet — QB, 
1235. 


THEORY 

The    Analysis    of   Periodic    'Waves — L. 

W.  Chubb.  Description  of  a  mechanical 
analyzer.  C-4.  1-5,  W-3500.  Vol.  XI,  p. 
91,   Feb..  '14. 

(E)    C.   E.    Skinner.     W-350.   p.    71. 

Polar  and  Circular  Oscillograms — L. 
W.  Chubb.  Tlieir  pr:Mti.:il  ;i i'l)lication. 
C-5.  1-3,  W-42^5.     Vol.  .\l.  i>   L'i;2.  -May.  '14. 

Derivation  of  Wave-Porm  of  Plus 
from  'Wave-Porm  of  Electromotive  Force 
— F.  Bedell  and  R.  Bown.  T-3,  W-29o0. 
Vol.  XII.  p.   23,  Jan.  '15. 

(E)    L.   W.   Chubb.     W-590.   p.   4. 

Storing  and  Releasing  Energy — R.  P. 
Jackson.  Mechanical  analogies  to  bat- 
tery ignition.  C-1,  D-1,  W-1330.  Vol. 
XIII,   p.   44,   Jan..   '16. 

Elementary    Principles — EN, XII, 46. 

'Vector   Conventions — EN, XII, 125. 

Reactance — I:.\.XI1I,    235. 

Reactive-Factor   -EN, XIII.    432. 

Definition  of  'Watt — QB,    1062. 

Resistances  in  Parallel — QB,   1092. 

V-Connection-  m B.    1139. 

Arcing  Ground — QB.   120S. 

leakage  Current — QB,   1228. 

Polarity  Test— QB,    130S. 

Hysteresis  loss — QB,   1413. 


GENERATION 


POWER  PLANTS 

(See  Utilization,  p.  8) 

The  Cost  of  Generating  Power — H.  G. 

Stott.  Fixed  charges.  Size  of  plant. 
Diversified  loads.  C-6,  W-2520.  Vol. 
XIII,  p.   373,  Aug.,   '16. 

Maintaining  and  Postering  Public 
irtility  Development  ITnder  Begulation — 
Edwin  D.  Dreyfus.  W-4640.  Vol.  XIII, 
p.  415,  Sept.,  '16. 

(E)  Chas.  R.  Riker.     W-540,  p.  403. 

Central  Stations  and  Electric  Bail- 
ways E.    P.    Dillon.       (E)    W-620.      Vol. 

XIII,   p.    441,   Oct..   '16. 

Excitation  and  Voltage  Control — J.  A. 
Johnson.  With  special  reference  to  the 
plant  of  the  Ontario  Power  Company  of 
Niagara  Falls.  C-1,  D-6,  1-5,  W-4830. 
Vol.  XI,  p.  612,  Nov.,  '14. 

(E)    P.    M.   Lincoln.     W-410,  p.   609. 

Hydroelectric  Development  —  C.  S. 
Cook.  (E)  W-560.  Vol.  XII,  p.  341, 
Aug.,  '15. 

Changes  In  ITew  'S'ork  Power  Houses 
— Chas.    F.     Scott.       (B)     W-1290.       Vol. 

XII.  p.   221,  June,  '15. 

Becsnt  Central  Station  Development 
—A.     H.     Mclntire.       (E)     W-730.       Vol. 

XIII,  p.   239,   June,   '16. 

Bailway  loads  for  Central  Stations — 
G.  E.  Miller.  W-12S0.  Vol.  XII,  p.  233, 
June.  '15. 

The  Belation  of  Flywheel  Effect  to 
Speed  Fluctuations  in  Waterwheel  Units 
— F.  D.  Newbury,  1-7,  W-3260.  Vol. 
XII,   p.    343,   Aug.,    '15. 

(E)    J.   H.  Wilson.     W-800.   p.   342. 

Heat  and  Temperature — EN.XIII,    360. 

Exciter  Trouble — QB,   1031,   1134. 

Unsteady  Voltage — QB,   1034. 

Descriptions 

Brunots  Island  Power  Station,  Pitts- 
burgh— F.  Uhlenhaut,  Jr.,  D-1,  C-1,  1-14, 
W-4710.      Vol.    XII,   p.    241,   June,   '15. 

The  Canadian  ITiagara  Power  Com- 
pany's Plants — L.  E.  Imlay.  Special 
features  of  the  power  plant  equipment. 
D-1,  1-14,  W-2315.  Vol.  XI.  p.  302,  June, 
•14. 

The  Cross  Cut  Power  Plant  of  the 
Salt  Biver  Project — J.  W.  Swaren.  I-IO, 
W-3340.     Vol.  XIII,  p.  571,  Dec,  '16. 

The  lake  Spaulding — Drum  Power 
Development  of  the  Pacific  Gas  and 
Electric  Company.  1-12,  W-2450.  Vol. 
XII,   p.   265,   June,  '15. 

The  Hydroelectric  Development  of  the 
Peninsular  Power  Company — C.  V.  Sea- 
stone.  1-6,  W-3420.  Vol.  XIII,  p.  324, 
July,  '16. 


(AND   ALL  PARTS    OF   ROTATING   MACHINES) 

SUBSTATIONS 

A    100  000- Volt    Portable    Substation — 

C.  I.  Burkholder  and  N.  Stahl.  A  poly- 
phase transformer  station  for  various 
voltages.  D-1,  1-7,  W-2670.  Vol.  XII, 
p.    143,    Apr.,    '15. 

(E)   W.   S.   Rugg.     W-440,  p.   129. 

A  ISOO-Volt  Portable  Bailway  Substa- 
tion— E.  F.  Taylor.  A  converter  substa- 
tion on  the  Piedmont  Lines.  1-3,  W- 
1320.     Vol.  XII,  p.   152,  Apr.,  '15. 

Charleroi  Substation  of  the  Pitts- 
burgh Bailways  Company — G.  C.  Heck- 
er.  I-ll.  W-25S0.  Vol.  XI,  p.  636.  Nov. 
'14. 

EfBciency  of  Bailway  Substations — 
L.  P.  Crecelius.  T-2,  C-1,  W-770.  Vol. 
XI,   p.   543,  Oct.,  '14. 

The  Increasing  Importance  of  the 
Substation — C.  S.  Cook.  (E)  W-440. 
Vol.  XII.   p.    129.   Apr..   '15. 

The  Field  of  the  Outdoor  Substation 
— L.  C.  Hart.  Economic  considerations. 
D-1.  1-9.  W-1410.   Vol.  XII,  p.  158.  Apr.,  '15. 

(E)    H.   H.   Rudd.     W-590,  p.   131. 

A    1500-Volt    Converter    Substation 

O.  Wortman.  1-2,  W-330.  Vol.  XII,  p. 
482,    Oct.,   '15. 

Meter  Equipment  of  Outdoor  Substa- 
tions— Lester  C.  Hart.  1-6.  W-1110.  Vol. 
XIII,  p.   420,   Sept.,  '16. 

DYNAMOS  AND  MOTORS 

General 

Commutation  and  Commutation  lim- 
its— B.  G.  Lamme.  Short-circuit  volts. 
Short-circuit  e.ni.f.  W-3500.  Vol.  XIII, 
p.    78,    Feb.,    '16. 

Flashing  in  Direct-Current  Machines 
— B.  G.  Lamme.  Arcs  between  adjacent 
commutator  bars.  Average  e.m.f.  and 
field  form.  W-4160.  Vol.  XIII,  p.  145, 
Mar..  '16. 

limitations  in  Commntating  Machines 
- — B.  G.  Lamme.  Brush  area.  Number 
of  slots.  Noise.  Flickering.  Peripheral 
speed.    W-5300.    Vol.  XIII,  p.  163.  Apr., '16. 

Effect  of  Brush  'Width  on  Commuta- 
tion— C.  G.  Lewis.  D-2,  W-1990.  Vol 
XIII,    p.    376,    Aug.,    '16. 

Artificial  Ventilation  of  Electrical 
Machinery — B.  G.  Lamme.  W-23S0.  Vol. 
XIII,  p.   247,   June,   '16. 

Ventilation  of  Rotating  Electrical  Ap- 
paratus— R.  E.  Oilman.  1-9,  W-3510.  Vol 
XI.    p.    20S.    Apr.,    '14. 

(E)    F.    D.    Newbury.      W-470,    p.    1S3. 

Conditioning  Air  for  Generator  Ven- 
tilation— W.  W.  Stevenson.  C-1,  D-1 
1-5,  W-1820.  Vol.  XI,  p.  213,  Apr., 
'14. 

(E)     J.     L.     Harvey.       W-9S0,     p.     184. 


Classification  and  Komenclature  of 
Electric  Motors — R.  E.  Hellmund.  D-11, 
\V-77  10.      Vol.  XIII,  p.   169,  Apr.,  '16. 

(E)   A.    M.    Dudley.      W-450,   p.    153. 

Industrial  Motor  Insulation — J.  L. 
Rylander.       W-1S60.       Vol.     XII,     p.     559. 


Dec 


•15. 


circle 

brake 

Vol. 


Motor  Armatures  of  Dlffere>it  Diam- 
eters— F.  A.  Rew.  W-1210.  Vol.  Xlt, 
p.   567,  Dec,  '15. 

Size    and    Horse-Power — EN.XII,    12b. 

Radius   of  Gyration — QB.   1085. 

Insulation  Burn-Out — QB,    1088. 

Removing    Insulation — QB,    1103. 

Motorizing — QB.    1207. 

Amount  of  Iron — QB,    1266. 

Size  of  Generator QB,   1271. 

D.  C.  Motor  on  A.  C. — QB,   1341. 

Measuring  Starting  Torque — QB,   138S. 

GENEBAl   TESTS 

Shop  Testing  of  Electrical  Apparatus. 
XIII — Rotary  Converters.  Resistances. 
Preliminary  inspection.  Voltage  ratio. 
Starting  tests.  Core  loss  and  satura- 
tion. Voltage  control.  Methods  of  load- 
ing. Synchronous  booster  converters. 
Temperature  tests.  Efficiency  by  losses. 
T-7,  C-2,  D-5,  1-3,  W-5750.  Vol.  XI.  p. 
56,   Jan.,  '14. 

Xrv — Induction  Motors.  The 
diagram  method.  The  pronv 
method.  C-3,  1-2,  T-6,  W-5350. 
XI,   p.    100,   Feb.,   '14. 

(E)  E.  I.  Chute.     W-660,  p.  71. 

XV — Induction  Motors  (Concl.)  The 
symbolic  method.  Single-phase  motors. 
The  Branson  method.  Temperature 
tests.  Commercial  tests.  C-3,  T-4,  W- 
3400.     Vol.  XI,  p.   178,  Mar.,  '14. 

XVI — Single-Phase  Transformers.  Ra- 
tio. Polarity.  Parallel  test.  Measure- 
ment of  resistances.  D-7,  'W'-2230.  Vol. 
XI,  p.  231,  Apr.,  '14. 

XVII— Single-P  h  a  s  < 
Core  loss.     Impedance, 
ficiencv.      D-9,  W-3130. 
May,  '14. 

XVHI — Single-P  h  a  s  e  Transformers 
(Cont.)  Temperature  run.  Insulation 
tests.  D-6,  I-l,  W-4350.  Vol.  XI,  p.  411. 
July,   '14. 

XIX — Chas.  Fortescue.  The  Circle 
Diagram  for  Single-Phase  Transformers. 
D-2,    W-900.      Vol.    XI,   p.    449,    Aug.,   '14. 

(E)  Chas.  R.  Riker,  W-470,  p.  420. 

XX — Three-Phase  Transformers.  Re- 
.sistance,  core  loss,  copper  loss  and  impe- 
dance, temperature,  insulation,  regula- 
tion and  efficiencv.  D-11,  W-2270.  Vol 
XI,  p.  489,  Sept.,  '14. 

Acceptance  Tests — QB,   1011. 


Transformers. 
Regulation.  Ef- 
Vol.  XI,  p.   287, 
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Experimental     Temperatnre     Measnre- 
mentB  of  Electrical  Machines — O.   W.   A. 

Oettiiis-      i:if._rt.s    of    tiinpfiature.      Rise 

by     li'sislaiice.        Theiiiio-LUUiJles.        C-1, 

D-2,    W-5060.      Vol.    XI,    p.    S5,    Feb..    '14. 

(E)    Chas.   R.   Riker.     ■W-450,  p.   72. 


Cnrrent  in  Shaft — QB,   1305. 
Equalizer    Binp — QB,    1337. 

BEARINGS 

Elements  of  Bearing'  Design  and  Iiub- 
rication — \Vm.  Foot.  C-3,  I-ll,  W-2530. 
Vol.   XI,   p.    391,    July,   '14. 

(E)   F.   D.  Newbury.      W-4  70.  p.   379. 

The    King'sbary    Thrust    Bearing H. 

A.  S.  Howarth.  Tlieorv  and  application. 
T-1,  D-5,  1-9,  W-3070.  Vol.  XII,  p.  351, 
Aug.,    '15. 

Babbit  and  Its  Applications — T.  J. 
Johnston.  1-5,  W-303U.  Vol.  XI,  p.  387, 
July,   '14. 

(E)    F.   P.   Newbury,   A\'-470.   p.    379. 

How  to  Babbitt — ROD,    XIII,    512. 

Effect  on  Air  Gap — QB,    1291, 

Induction  Motor  Clearances — QB,  1292. 


Brushes  for  Commutators  and  Slip 
Rings— Charles  H.  Smith.  Their  selec- 
tion, application  and  care.  I-l,  W- 
10775.     Vol.  XIII,   p.   263,   June,  '16. 

Commutator     Soldering — EN, XII,     338. 

Undercxitting  Commutators  —  ROD, 
XIII,     555. 

Commutator  Construction — EN,  XIII, 
433. 

Commutator    Trouble — QB,    1035. 

Cleaning    Commutators — QB,    1133. 

Sand    Papering — QB.    1159. 

riat   Spots — QH,    1246. 

Soldering   Leads   to — QB,    1356. 

Current   Collection — QB,    1040. 

Collector   Rings — QB.    1014,    1035. 

Rough  Slip-Rings — QB,   1321. 

Selection    of   Brushes — QB,    1110. 

Brush   Setting-   cjH,    1197. 

Brush    Operation — QB.    1297. 

Old  Brushes QH,    1304. 

FRAME 

Cast-In  vs.  Bolted  Poles — EN,  XIII, 
135. 

Why  Poles  are  Iiaminated — EN,  XIII, 
196. 

FIELD    WrNDINGS 

Ventilation  of  Shunt  Field  Coils — EN, 
XIII,   151. 

Rewinding   Field   Coils — QB,    1301. 
The  Polarity  of— ROD,  XIII,  593. 
Number    of    Turns — QB,    1412. 

Direct  Current 

The  Development  of  the  Direct-Cur- 
rent Generator — B.  G.  I>aninie.  Bipolar. 
Multipolar.  Slotted  armatures.  Formed 
coils.  Coil  supports.  Field  poles  and 
windings.  Commutation.  Equalizing 
connections.  Mica.  Brushes  and  brush 
holders.  Commutators.  Ventilation. 
Double  commutator  machines.  Turbo 
generators.  Unipolar  machines.  A.  C.-D. 
C.  generators.  Compensating  and  com- 
mutating-pole  machines.  High-voltage 
generators  without  commutators.  I-IO, 
W-30  130.  Vol.  XII,  p.  65,  Feb.,  '15;  p. 
115,  Mar.,  '15;  p.  164,  Apr.,  '15;  p.  212, 
May.   '15. 

Adapting  Motors  to  Changed  Condi- 
tions— H.  L.  Smith.  Fundamental  prin- 
ciples. Speed  regulation.  Voltage.  Re- 
•onnections.  Motor  as  generator.  Me- 
chanical limitations.  C-3,  ■W-4090.  Vol. 
XIII.   p.    177.   Apr.,    '16. 

Rewinding — QB,    106,S. 

Modern  Types  of  Machines — David 
Hall.  Flux  and  current  capacity.  Types 
of  construction.  Regulation.  Efficiency. 
C-6,  D-2,  1-3,  W-5560.  Vol.  XIII,  p.  534, 
Nov.,   '16. 

The  Compensated  Generator — David 
Hall.  D-2,  1-3,  W-1670.  Vol.  XIII,  p. 
S78,   Aug..   '16. 

Speed  Characteristics  of  Motors — K. 
L.  Hansen  and  C.  G.  Lewis.  C-S.  I-l, 
W-J070.      Vol.    XI,    p.    493.    Sept.,    '14. 

Speed  Regulation  of  Adjustable  Speed 
Motors— H.  L,  Smitli,  C-2,  I-l.  W-2140. 
Tol.    XIII,    |i,    422,    Sept..    '16 

Motor  and  Generator  Diagrams — R.  H. 
Taber.  For  changing  conditions  of  op- 
eration. T-1,  D-55,  "W-2070.  Vol.  XI,  p. 
■t68,   Sept.,   '14. 


Armature    Reaction    in    Machines — R. 

H.  Taber.  Distortion  of  field.  Effect  on 
commutation.  Brush  displacement.  C-3, 
1-13,    W-173n,   p.    65,    Jan.    '14. 

Sparking    and    Flashing — EN, XII, 173. 

Bands   vs.   Wedges  — 1:.\. XII, 530. 

Armature   Reaction — QH,    1055,    1125. 

Changing     Motor     to     Generator — QB, 

1IJ7:,. 

Shape  of  Pole  Tips — QB,  1074. 
Idle  Coil — QB.    1064. 
Power  to   Accelerate — QB,    102  7. 
Automobile  Generators — QB,    1041. 

Changing   Voltage QH,    104S. 

Reversal      of      Elevator      Motor — QB, 
Hits. 

Dynamic  Braking — QB,   109S. 
Boosters — QH,    1157. 
Sparking  on  Half  Voltage — QB,    1163. 
Incorrect   Air  Gap — QB.    1291. 
Telephone   Generator     QB,    1309. 
Adjustable-Speed    Motor — QB,    1367. 
Building  Up  Voltage — QB,  1391,  1392. 

SHUNT    AND    COMPOUND 

Operation    of   Motors    as    Generators — 

B.  H.  Chatto.  T-1,  W-5S0.  Vol.  XII,  p. 
529,    Nov.,    '15. 

Shunt   Field   Protective   Relays — J.    H. 

Albreeht.     C-1,  \V-570.      Vol.  XII,  p.   566, 


Field    Rheostats — EN,XII,46. 

Field   Discharge — EN, XII. 491. 

Three-Wire     Generators — EN,XII,3S3. 

Parallel  Operation  of  Three-Wire  Gen- 
erators— E.\.   XIII.   .'ill 

Induced  Voltage  in  Field — QB.   102S. 

Exciter  Troixble--QB,    1031,    1134. 

Demagnetized    Field — QB,    10S6. 

Regulation — iji;.    10S7. 

Balancer  Set — QB.   1169. 

Building   Up   Exciter   Field — QB,    1177. 

M-G.      Sets      for      Moving      Pictures 

QB,    1196. 

Speed   Adjustment — QB,    1229. 

Compound    Generator — QB,    1231. 

Calibrated  Motor — QB,    1232. 

Exciter    Operation — QB,    1352. 

SERIES 

Considerations  in  the  Design  of  Ball- 
way  Motors — R.  E.  Hellmund.  1-13,  W- 
7S20.  Vol.  XI,  p.  590,  Oct.,  '14;  p.  645, 
Nov..   '14. 

The  Electrical  Design  of  Railway  Mo- 
tors— R.  E.  Hellmund.  Rating.  Speed. 
Efficiency.  T-1,  W-1710.  Vol.  XII,  p. 
74,    Feb.,    '15. 

Insulation  Design  for  Railway  Motors 
— K.  E.  Hellmund.  W-32&0.  Vol.  XII, 
p.    104,    Mar.,   '15. 

Railway  Motor  Ventilation — R.  E. 
Hellmund.  T-1,  I-2S.  W-3870.  Vol. 
XII,    p.    204.    May.    '15. 

Commutation  and  Flashing  of  Rail- 
way Motors — R.  E.  Hellmund.  C-9,  D-1. 
I-l,    W-6100.      Vol.    XII,    p.    29S,    July   '15. 

Mechanical  Considerations  in  the  De- 
sign of  Railway  Motors — R.  E.  Hell- 
muiul.  Coils.  Bandini;.  Commutator. 
Brushholders  and  brushes.  Field  coils. 
1-9,  W-47S0.    Vol.  XIII,  p.  200,  May,  "16. 

A  Universal  Pressed  Steel  Railway 
Motor — C.  W.  Starker.  1-24,  W-2210. 
Vol.   XI,   p.    5S1.    Oct..   '14. 

(E)  M.  B.  Lambert.     W-540.  p.  502. 

Electric  Vehicle  Motors  —  T.  H. 
Schoepf  and  A.  L.  Broomall.  C-5.  1-2, 
W-1390.      Vol.  XII,   p.    112,   Mar.,   '15. 

(E)    Bernard   Lester.     W-570,  p.   90. 

Railway   Motor   Frames — EN, XII,  8  5. 

Field  Ahead  of  Armature — EN, XII, 
17  3. 

The    Reversal    of— EN,XIII,31S. 

Locked   Torque — QB.    1315. 

Arc   Generator — ijH,    1016. 

Speed  at  Varying  Voltage — QB.   1029. 

Operation  in   Parallel — QB.    1120.   1387. 

Changing  220-Volt  to  110 — QB.  1143. 

Rewinding ijH,    1181. 

Shunt  Motor  Without  Field — QB.  1184. 

Field  Connections — QB.   1248. 

COMMUTATING    POLE 

Commutating-Pole  Machines  with 
Brushes  Oft  Neutral — R.  L  Witham. 
C-1.  D-6.  W-1910.  Vol.  XIII,  p.  531, 
Nov..  '16. 

Commntating-Pole  Railway  Motor 
Construction — F.  W.  McCloskey.  Me- 
chanical and  electrical  considerations. 
D-3.  W-2540.     Vol.  XIII,  p.  245,  Sept.,  '16. 

Two  Commutating  Poles  on  Four-Pole 
Motors — EN.xn.290. 

Checking  Neutral — EN,X1I,425. 


With   Brushes    Off   Neutral — QB,    1408. 
Shunt   Circuit  Open — QH.    1404. 
Commutatlng  Poles    -QH,    1111. 
Speed   Regulation     QB,    1192. 
Reactance   Voltage   of — QB.    1206. 
Saving  of  Weight — QB.   1350. 

.\lternatiiig  Current 

ALTERNATORS 

The  Alternating-Current  Generator  In 
America — B.  i;.  Lamme.  D-2,  1-29,  W- 
16  000.  Vol.  XI,  p.  73;  Feb.,  '14;  p.  120, 
Mar.,    '14 ;    p.    221,    ..\pr.,   '14. 

30  000  Kw  Turbo-Generators  of  the 
Interboro  Company — M  c  Mi  N.il.  T-1, 
I-ll.   \V-227(i.      \"ol.   .\I1.  p.   2T1,   .lune.  '15. 

Large  Turbine  Alternator  Units — C. 
-M.  Hanlin  and  S.  L.  llendfrson.  T-3, 
1-7.   AV-:;  19(1.      \-ol.    XI,    p.    :;ui.    June.   '14. 

Generator  Reactance  and  Circuit 
Breaker  Performance  Under  Short-Cir- 
cult  Conditions — F.  D.  Newbury.  W.  M. 
Dann  and  J.  N".  Mahoney.  Description 
c.f  tf/sts.  Results  of  tests.  T-4.  C-7, 
D-1,  1-4,  W-ri430.  Vol.  XI,  p.  188,  Apr.,  '14. 

(E)   Haul  M.   Lincoln.     W-660,  p.  183. 

Generator  Short-Circnit  Cnrrent 
Waves — F.  D.  Newbury.  A  discussion  of 
terms  and  conditions.  T-2.  C-5,  W-3211. 
Vol.    XI.    p.    196.    Apr..   '14. 

(E)    P.    M.    Lincoln.      W-660,   p.    183. 

Short-Circuit  Current  of  Alternators 
— F.  T.  Hague.  C-1,  W-1190.  Vol.  XIII, 
p.    212,    May.   '16. 

The  Vertical  Waterwheel  Generator — 
H.  D.  Stephens.  Mechanical  features. 
Ventilation.  Excitation.  I-S.  W-2090. 
Vol.    XII,    p.    317,    Aug.,   '15. 

Characteristics  of  Alternators  when 
Excited  by  Armature  Currents — F.  T. 
Hagu.-.  C-2.  W-ltiiio.  Vol.  XI 1,  p.  308. 
Aug.,   '15. 

Temperature    Tests    on    Niagara   Falls 

Generator T.    Spooner.      T-5,    C-4,    D-3, 

1-2.  W-2430,  p.   192,  Apr.,  '16. 

Synchronous    Impedance — EN, XII, 8  5. 

Rotating  Field  Construction  —  EN, 
XIII, 196. 

Dampers — EN.    XIII,    594. 

Short  Circuits — QB,    1096. 

Changing   Voltage — QB,    1009. 

Critical    Speeds— QB,    1025. 

Rating — QH.    103^. 

Drying — QH.    IM^I. 

Inherent    Reactance — QB.    1109,    112». 

Elimination    of   Noise — QB.    1141. 

Excitation- -QB,    lliU. 

Excitation     by     Rectified     A.     C. — QB, 

Current  in  Frame — QB,    1180. 
Size   of— c.,>i;.    12:13. 
Acceptance   Tests — QB,    1300. 
Heating  of  Laminations — QB.   1323. 
Induction   Generator — QB.    1328. 

Reversing  Fields QB.    1361. 

Steel  Slot  Wedge— QB,    1362. 

PARALLEL   OPERATION 

Paralleling    Alternators — QB.    1008. 
Phasing  Out — QB,    1101. 
Synchronizing — QB.    1247.    12  5  S. 
Synchronizing   Connections — QB.    1317, 

'open   Field    Circuit — QB,    1333. 

SYNCHRONOUS    MOTORS 

Parallel  Operation  of  Synchronous 
Frequency-Changer  Sets — F.  D.  New- 
burv.  T-4.  D-4,  1-3.  W-4510.  Vol.  XIII, 
p.    542.   Nov..   '111. 

Varying   Field— KX.XITI. 432. 

Starting— QH,    im;i,   1209. 

Syn.  Motor  Trouble — QK.    1083. 

Syn.  Motor  Driving  Pump — QB,   1091. 

Syn.  Motor  with  Open  Field — QB,  1093. 

Operation  of  Syn.   Motor — QB,    1121. 

Operating  at  Low  Power-Factor — QB, 
1202. 

Power-Factor  Correction  —  QB.  1313, 
1334,    1407. 

Pull-Out  Torque — QB.    124  0. 

Excitation    Characteristics — QB.    1241. 

Reversing  Rotation — QB,    1249. 

Mechanical  Output — QB.   1269. 

Switching  of — QB.   1310. 

Rating  of — QB.   1349. 

Voltage  in  Field  at   Start — QB.    1373. 

Effect  on  Voltage  Fluctuation — QB, 
1389. 

INDUCTION  MOTORS 

Enclosed      Induction      Motors — O.      C. 

.Schoenfeld.    Temperature   considerations. 
C-3.  I-l,  W-2630.     Vol.  XIII,  p.  388,  Aug., 
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The  Evolution  of  the  Polyphase  In- 
duction Motor — R.  S.  Feicht.  1-29,  W- 
7840.  Vol.  XI,  p.  398,  July,  '14;  p.  437, 
Aug.,   '14. 

Metal  Slot  Wedges  in  Induction  Mo- 
tors— Blaine  B.  Ramey.  Their  effect  on 
performance.  T-1.  C-7,  1-4,  W-30S0.  Vol. 
XIII.   p.   407.    Sept..   'le. 

Magnetic    Wedges — EN, XII. 290. 

Motors  and  Phase  Converters  for  N.  & 
W.  Iiocomotives — J.  V.  Dobson.  D-1, 
I-ll,  W-1535.     Vol.  XIII,  p.  154,  Apr.,  '16. 

Reversing  a  Three-Phase  Motor — C. 
W.  Kincaid.  C-4,  D-2,  \V-690.  Vol.  XIII, 
p.    109,   Feb..   '16. 

Direction  of  Rotation — QB,  1394. 

Synchronous  Induction  Motor — EN, 
XIII,    511. 

Uneven  Air-Gap — QB,   1357. 

Windings 
Reconnecting      Induction      Motors — A. 

M.  Dudley.  Classiflcation  of  changes. 
Typical  diagrams.  Comparative  per- 
formances. Chord  factor.  Phase  insu- 
lation. Possible  reconnections.  T-2, 
D-24,  W-10  SSO.  Vol.  XIII,  p.  S5,  Feb., 
'16. 

(E)    R.   E.   Hellmund.     W-420.     p.   67. 

Rotor  Windings — EN,XII,S5. 

Single-Phase    Windings — QB,    1102. 

Phases   Cross-Connected — QB,   1099. 

Wiring  Diagram — QB.    1142. 

Windings-QK.    1152,    1189,   1400. 

Changing  2-Ph.  to  3-Ph. — QB,  1234; 
1364. 

Changing   Speed — QB,    1165. 

Two-Phase   Trouble — QB,    1187. 

Changing  Motor  Speed — QB,   1201. 

Insulation  on  Squirrel-Cage — QB,  1215. 


Uneven  Air  Gap — QB,   1262. 
Reversed   CoU — QB,    1268. 
Drying  Out — QB.   1283. 
Consectuent  Poles — QB,   1324. 
Test  for  Grounds — QB,   1373. 
Repulsion  Motor — QB,   1377. 
Number  of  Poles— QB,  1378. 
Direction  of  Current — QB,   1382. 
Reversed  Phase — QB,    1385,    1390. 
Grounded   Motor — QB,    1376. 

Performance 

Polyphase  Induction  Motor  with  Sin- 
gle-Phase Secondary — B.  G.  Lamme.  1-6, 
W-1600.      Vol.   XII,   p.    394,    Sept.,   '15. 

(E)    P.   M.   Lincoln.     W-390,  p.   385. 

Characteristic  Curves  of  the  Induc- 
tion Motor — C.  A.  M.  Weber.  C-3,  W- 
590.      Vol.  XI.   p.   4S4,   Sept.,   '14. 

(E)    A.    M.    Dudley.      W-410.   p.    459. 

Induction  Motors  for  Varying  Speed 
Service — Arthur  J.  Motyer.  C-1,  W- 
1550.      Vol.   XI,   p.   485,   Sept.,   '14. 

(E)   A.    M.   Dudley,   W-410,   p.    459. 

The  High-Slip  Induction  Motor  in  Ply- 
wheel  Applications — Blaine  B.  Ramey. 
W-SSO.      \''il.   Xll.  p,   .'lOi:.  Nov.,  '15. 

Interpretation  of  Test  Data — C.  A.  M. 
Weber,  .'<inttle-pha.se  squirrel-cage  mo- 
tors, by  circle  diagram.  T-2,  C-4,  D-3, 
W-2170.      Vol.   XIII,   p.    381,   Aug.,   '16. 

Regenerative  Braking  with  Polyphase 
Induction  Motors — H.  G.  Jungk.  D-1, 
W-l.'.30.      Vol.    XIll,   p.    371,   Aug.,   '16. 

Starting    Current — EN.XII,33S. 

Speed-Torque    Curves — EN. XII. 491. 

Single-Phase  Motor  Trouble  —  QB. 
1022. 


Motor  Trouble — QB,  1045. 

Three-Fhase    Motor    on     One-Phase 

QB,    1057. 

On  Over-Voltage — QB,   1076. 
Power-Factor — QB.    110s.    1339. 
Iioad   Calculation — QB.    1160. 
Sixty-Cycle   on  25-Cycles — QB,    1194. 
Arcing  between  Slip  Rings — QB,   1199. 
Characteristics — yB.   1263. 
On  Single  Phase — QB.  1268. 
Incorrect   Frequency — QB.    126S. 
Dynamic  Braking — QB.    1289. 
Vibration  of  Rotor — QB,   1326. 
Internal    Resistance    Type — QB,    133S. 
Flashing  in  Spider — QB,   1347. 
Starting  Torque — QB,    1386. 

Testing 

Three-Phase  Impedance  Test  with 
Single  Phase — QP..   12i'"!. 

Testing  for  Grottnds     QB.    121.'>. 
Instruments   for — QH.    14  03. 

SERIES  MOTORS 

Single-Phase  Commutator  Motors — R. 
E.  Hellmund  and  J.  V.  Dobson.  Funda- 
mental principles.  Classification.  Rela- 
tive merits.  D-33,  W-5600.  Vol.  XIII, 
p.   112,   Mar.,   '16. 

Series    Single-Phase   Motor — QB.    1255. 

Direction  of   Rotation — QB,    1252. 

Speed  Variation — QB.   1381. 

Fan  Motors 

Testing  of  Pan  Motors — O.  F.  Rowe. 
T-1,  C-2.  D-1,  1-3,  W-1990.  Vol.  XIII.  p. 
412,   Sept.,  '16. 


RECTIFIERS 

Charging  Apparatus  for  Automobile 
lighting  Batteries — Q.  A.  Brackett.  Vi- 
brating and  mercury  vapor  rectifiers. 
D-2,  1-5,  W-3430.     Vol.  XI,  p.  354,  June,  '14. 

MERCTTBV  ARC 

The     Mercury     Arc     Rectifier — Q.     A. 

Brackett.  For  charging  electrical  vehi- 
cle batteries.  D-1,  1-4,  W-2170.  Vol. 
XIII.  p.  37,  Jan.,  '16. 

Mercury  Arc  Rectifiers  for  Moving 
Picture  Arcs— H.  M.  Wible.  C-2,  D-1, 
1-3,   W-1400.      Vol.   XI,   p.    376,   June,   '14. 

lead-in  Wires — QB.    1024. 

limit  of  Size — QB.   1024. 

Distance  Between  Electrodes  —  QB, 
1060. 

Mercury  Rectifiers — QB,   1168. 

For  Motor  Service — QB,  1303. 

MECHANICAl 

The  Field  for  Mechanical  Rectifiers — 

A.  L.  Atherton.  D-1,  I-l,  W-1900.  Vol. 
XIII,  p.   9.  Jan..  '16. 

Vibrating   Rectifier — QB,    1369. 

EIECTROIYTIC 

Electrolytic — QB,    1230,    1281. 

ROTARY  CONVERTERS 

The  HisTory  of  the  Rotary  Converter 
in  America — F.  D.  Newbury.  The  hunt- 
ing problem.  Inverted  converters.  Three- 
wire  operation.  Sixty-cycle  converters. 
Voltage  control.  Commutating  poles. 
D-2.  1-24,  W-6190.    Vol.  XII,  p.  27,  Jan.,  '15. 

Synchronous  Booster  Rotary  Convert- 
ers— J.  L.  McK.  Yardley.  Theory.  Ar- 
mature and  field  windings.  C-1,  D-5, 
1-6,   W-4715.      Vol.    XI,    p.    267,    May,   '14. 

(E)    E.  P.  Dillon.     W-610,  p.  239. 

High-Speed  Rotary  Converters — J.  L. 
McK.  Yardley.  C-1,  1-4,  W-2100.  Vol. 
XI,  p.   562,  Oct.,  '14. 

Rotary  Converters  vs.  Motor-Genera- 
tor Sets  for  Industrial  Service — George 
P.  Roux.  Power-factor.  Starting. 
Hunting.  Economic  features.  D-1,  C-2, 
W-4500.     Vol.  XII.  p.  13S,  Apr.,  '15. 

(E)    E.   P.   Dillon.     W-SIO,  p.   130. 

Substation  Converting  Apparatus — C. 
F.  Llovd.  The  application  of  converters 
and  motor-generator  sets.  C-3.  1-4,  W- 
3210.      Vol.   XII,   p.   147,   Apr.,   '15. 

(E)    E.    P.    Dillon.      W-810,   p.    130. 

Sixty-Cycle,  1500-Volt  Rotary  Con- 
verters  N.     Stahl.       On     the     Piedmont 

Lines.  D-2.  1-4,  W-2650.  Vol.  XII,  p. 
154,   Apr..   '15. 


TRANSFORMATION 

Relation  of  Trolley  Feeder  Taps  to 
Machine  Flash-Overs — Chas.  H.  Smith. 
The  taps  should  be  at  a  distance  from 
the  station.  I-l.  W-2510.  Vol.  XII,  p. 
44,    Jan..    '15. 

Effect  of  Wave  Form — EN,XII.85. 

Sparking  on  Self-Starting — EN, XIII, 
396. 

Compounding   of — EN.XIII,    4  32. 

Self-Starting      i;N.XIII,553. 

Voltage  Ratios— QB.   11S3. 

Three-Wire  Converters  —  QB,  1049, 
1217. 

Protection  of — QB.    1071. 

Accidental    Ground — QB,    1095. 

25  Cycle  on  60  Cycles — QB.  1130. 

Converter  Neutral — QB,  1136. 

Emergency  Starting  of  Six-Phase 
Converter — QB.    121S. 

Operation  in  Series — QB.   1264. 

Effect  of  Excitation  on  load — QB. 
1267. 

lightning  Arresters  to  Prevent  Flash- 
over — QB,    1276. 

Varying  Speed — QB,   1327. 

Size  of— QB.    1374. 

Flashing  of  Starting  Switch — QB, 
13SS. 

STORAGE  BATTERIES 

Operating  Characteristics  of  lead 
Acid  Storage  Batteries — J.  H.  Tracy.  T-1. 
C-6.   W-:!Ovu.      Aol.   XIII.   p.    17.    Jan.,   '16. 

Charging  Edison  Storage  Batteries — 
E.  J.  Ross.  Jr.  C-3.  I-l,  W-1640.  Vol. 
XIII.    p.    25,    Jan.,    '16. 

Battery  Charging  Equipment — T.  H. 
Schoepf  and  A.  M.  Candy.  Types  of 
batteries.  Constant  current,  constant 
potential  and  fixed  resistance  charging. 
Charging  in  series  and  in  parallel. 
Equipment.  D-1,  1-12,  W-7210.  Vol. 
XIII,    p.    28,    Jan..   '16. 

M.  G.  Sets — H.  A.  Campe.  For  start- 
ing, lighting  and  ignition  batteries.  1-3, 
W-S50.      Vol.    XIII,   p.    40.    Jan..   '16. 

Storage   Battery   Operation — QB.    1106. 

lead  Burning — QB,    1069. 

Battery  Cases — QB.    1224. 

Counter  E.  M.  F.  Cell— QB.   1261. 

TRANSFORMERS 

General 

Thermal  and  Mechanical  Features  of 
Transformer  Windings — ^W.  M.  McCon- 
ahev.  1-12,  W-2800.  Vol.  XIII,  p.  159, 
Apr.,   '16. 

High  Voltage  Distributing  Transfor- 
mers— E.  G.  Reed.  C-2,  1-9,  W-1010. 
Vol.  XI,   p.   33S.      June,   '14. 


22  000  Volt  Distributing  Transformers 
— E.  G.  Reed.  1-5,  W-S30.  Vol.  XI  11,  p. 
297.   June.   '16. 

The  Evolution  of  the  Transformer — 
J.  S.  Peck.  1-19.  W-4340.  Vol.  XI.  p. 
476,   Sept.,   '14. 

Self-Cooling  Transformers  —  W.  M. 
Dann.  Radiator  type.  I-IO,  W-22S0. 
Vol.   XII.   p.    134.   Apr.,   '15. 

(E)   W.   M.   McConahey.  W.    380,  p.    130. 

Mechanical  Stresses  In  Transformers 
— J.  F.  Peters.  1-7,  \V-22S0.  Vol.  XII, 
p.    555.    Dec.    '15. 

Polarity  of  Single-Phase  Transfor- 
mers— M.  A.  Smith.  Jr.  D-4.  W-1040. 
Vol.   XII.   p.   83.   Feb..   '15. 

Manhole  Transformers  for  A.  C.  Dis- 
tribution— E.  G.  Ki-.-.l  1-3,  W-1200. 
Vol.    Xll.    p.    515,    Nov.,   ■!.-.. 

The  Care  of  Transformer  Oil  — C.  S. 
7,aw.-«.n.  Tests.  Fillers.  1-4.  W-29S0. 
\'(.l.   Xir.   p.   INS,   May.   'in. 

The  Circle  Diagram  for  Single-Phase 
Transformers — Chas.  Kiirtes<'ue.  D-2. 
W-900.       Vol.    XI.    p.    449.       Aug..    '14. 

(E)    Chas.    R.    Riker.      W-470.      p.    420. 

The   Circle  Diagram  for  Single-Phase 

Circuits Charles     Fortescue.       D-2.     W- 

2000.      Vol.    Xlll.    p.    428,    Sept.,   '16. 

Plash   Point — EN,XII.85. 

Interlacing    CoUs — EN,XII,290. 

Variations  of  Core  Flux  with  load — 
EN.X1I.491. 

PUtering — QB.    1162. 

Definition  of  Primary — QB,    1153. 

Grounding   Cases — QB,    115S. 

Switching   Practice — QB,    1186,    1402. 

Cleaning  Cooling  Coils  —  QB,  1237, 
129S. 

largest  Size — QB,   12S4. 

Fuses  for— QB.  1331. 

Tesla   Oscillator — QB,    1345. 

CONNECTIONS 


Polarity  of  Transformers — W.  M. 
Dann.  T-1,  D-13,  W-3500.  Vol.  XIII,  p. 
350,   July,   '16. 

The  Open  Delta  Connection — J.  B. 
Gibbs.  Capacity.  Regulation.  T-5.  D-9, 
W-2550.     Vol.  XIII,  p.   100,  Feb.,  '16. 

Experience  on  the  Boad — A  peculiar 
transformer  connection — L.  M.  Klauber. 
D-1,    W-7S0.      Vol.    XI,    p.    235,    Apr.,    '14. 

Star  and  Delta  Transformers  in  Par- 
allel—EN. XI  1. 5  30. 

Paralleling  3  Ph. — QB.   1017. 

Paralleling   Scott   Con. — QB.    104  6. 

Three-Phase  Shell  and  Core-Type— 
EN.XIII. 397. 

Rating  of  Open  Delta — EN.  XIII,   554. 

Open  Delta — QB,  1054,  1139,  1154, 
1172,    1173,    1191. 
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Interconnected    Star QB,    1007. 

One  Ph.  from  3  Ph. — QB,  1010,  lOSO, 
1242. 

Grounded   Neutral — QB,    1171. 

Paralleling- — QB,    1274. 

Series  Operation — QB,    12S6. 

Taps   on  Delta — QB,    1335,    1375. 

Nomenclature — QB.    1342. 

Boosting-   Transformer — QB.    1343. 

Circulating    Current — QB,    1368. 

Two  Ph.  to  3  Ph.— QB,  1043,  1112, 
1114. 

Grounded  Star — QB,   1393. 

FERPORMANCE 

Transformer  Efficiency  and  Regula- 
tion—W.  M.  MeConahev.  T-1,  C-3,  W- 
2340.     Vol.  XIII,  p.  20C,  May,  '16. 

Escitlng-  Current — E.  G.  Reed.  Its 
eftect  on  the  operation  of  distributing 
transformers.  C-1.  D-1,  ■W-780.  Vol. 
XIII,   p.    99,   Feb.,   '16. 

Iieakag-e     Reactance — BN, XII, 383. 

Parallel  Operation  of  —  EN,XII,338; 
QB.    1221. 

50   Cycle   on   25   Cycles— BN,XIII,396. 

Unbalanced   Load — QB,    1020. 

Chang-e   of  Frequency QB,    1023. 


Ratio— QB.    lor.c,.    1094,    1256. 
Exciting   Current — QB,    1116. 
Magrnetizing    Current — QB,    1279. 
Temperature—  Q  B.    1336. 
B-H   Curve — QB.    1359. 
Power    Factor    at    No-Iioad — QB,    1371. 
Charging-  Current — QB.    1379. 
Rating  without  Oil — QB,  1399. 


loading  Back — QB.   1033. 
Capacity    for   Testing — QB,    1037. 
Phasing  Out — QB,    1063. 

Series 

With    Open   Secondary — EN,    XII,    338. 
In  Parallel — QB,  1135. 
Connected  in  Series — QB,    1233. 
Split  Core — QU.   1211. 
Through-Type — QB,    1253. 
Design — QB,   1178. 
Compensation — QB,    1306. 

Autotransformers 

Antotransformera B.    G.    Reed.      C-1, 

D-2,  W-1110,  Vol.  XIII,  p.  150,  Mar.,  '16. 


Autotransformers  on  Grounded  Sys- 
tems— W.  R.  Woodward.  For  starting 
converters  and  motors.  D-4,  W-900. 
Vol.    XIH,   p.    549,    Nov.,    '16. 

On  Two-Phase — QB,    1140. 

Capacity  of— QB,   1396. 

Reactance  Colls 

Current-liimiting     Reactances — H.     H. 

Rudd  and  W.  M.  Dann.  Application. 
Rating.  Location.  Amount  of  react- 
ance. Regulation.  C-4,  D-2,  1-3,  W- 
3310.      Vol.   XIII.   p.    280,   June,   '16. 

Current  limiting  Reactance  Coils — -J. 
F.  Peters.  1-4,  W-1540.  Vol.  XI,  p.  202, 
Apr..    '14. 

(E)    Paul   M.  Lincoln.     W-660.   p.    183. 

Mechanical  Stresses  in  Reactance 
CoUs — W.  M.  Dann.  T-2,  C-7,  I-l,  W- 
22S0.      Vol.  XI,  p.   204,  Apr.,   '14. 

(E)    P.   M.    Lincoln.      W-660,   p.   183. 

Percent    Reactance — EN.XII,173. 

Current  limiting — EN,XIII,31S;  QB, 
1311. 

Reactors  without  Iron — QB,   1322. 

CONDENSERS 

Capacitance  of — QB,    1124. 


TRANSMISSION 

CONDUCTORS  AND  CONTROL 


GENERAL 

(See  also  Theory,  p.  4) 


The  Circle  Diagram  for  Single-Phase 
Circuits — Charles  Fortescue.  D-2,  W- 
2040.     Vol.  XIII,   p.   42S,   Sept.,  '16. 

Power-Factor 

Effect  of  line  Power-Factor  on  Mo- 
tor   Power-Factor — EN. XII, 173. 

With  Synchronous  Motor — QB,  1313, 
1334. 

Of  Induction  Motor — QB,   1339. 

At  No-load  on  Transformer — QB,  1371. 

SYSTEMS 

Electric    Development    in    California — 

J.  A.  Britton.  W-740.  Vol.  XII,  p.  229, 
June,   '15. 

Experiences  with  150  OOO'-Tolt  Trans- 
mission—i:il\v;i  id  W  .MHll.urv.  C-1,  I-ll, 
W-266IJ.      v.. I.    XII.    V     256,    June,   '15. 

Higher  Direct-Current  'Voltages — C. 
S.  Cook.  (E)  W-530.  Vol.  XI,  p.  501, 
Oct.,  '14. 

Distribution  line  Records — F.  R.  Hea- 
ley,  1-2,  W-600.     Vol.  XII,  p.  276,  June,  '15. 

D.C.   Transmission — QB,   1272. 

Alternating  Current 

Single-Phase  loads  from  Polyphase 
Systems — B.  G.  Lamme.  Futility  of 
transformer  connections.  The  rotating 
phase  converter.  C-1,  D-3,  W-3070.  Vol. 
XII.   p.   261,   June,  '15. 

Transforming  from  3  Fh.  to  1  Ph. — 
QB,    1010.    1080,    1242. 

A  Study  of  Three-Phase  Systems — 
Chas.  Fortescue.  Star-star,  delta-delta, 
star-delta  and  delta-stai-  connections. 
T-1,  C-4,  D-7.  I-l,  W-5210.  Vol.  XI,  p. 
461.    Sept..   '14. 

Single-Phase,  Two-Phase  and  Three- 
Phase  Distribution — fleorge  P.  Roux. 
T-1.  D-7.  \V-'.;r,C,U.  Vol.  XIII,  p.  385, 
Aug.,    '16. 

(E)   Charles  Fortescue.     W-5S0.  p.   363. 

ITnbalanced    'Voltages — QB,    123S. 

Variations  in   Frequency — QB,    1205. 

LINES 

Calculation  of  Constant-Voltage 
Transmission  lines — H.  B.  Dwight.  C-1, 
W-2130.      Vol.   XI,  p.   487,   Sept.,  '14. 

(E)    R.   P.   Jackson.      W-420.   p.    459. 

Constant  Voltage  Operation  of  the 
City  of  Winnipeg  Transmission  System 
— L.  A.  Her.lt  ;inil  1-;  C,  liurr.  Prede- 
termination I.I  ..|..'iali.i]i.  Mathematics. 
C-8,  I-l.  W-3450.  \'..l.  Xll,  p.  397,  Sept., 
•15. 

A  Chart  for  Estimating  A.  C.  lines — 
H.  B.  Dwight.  T-1,  D-7,  W-1560.  Vol. 
XII,   p.    806,   July.   '15. 

Design — QB.   1179. 

Size  of  Wire — QB,   1198. 

Surges — QB,   1012. 

Power-Factor — QB,    lOlS,    108J. 

Vector  Relations — QB,    1019,    1042. 

Charging    Current QB,    1570. 

BUctrolier  Wiring  Scheme — QB.    1132. 


Overhead 

The  Risk  Involved  in  Directing  a 
Stream  of  Water  onto  a  High-Tension 
line — T-2,  C-3,  I-l,  W-1340.  Vol.  XI,  p. 
450.   Aug.,   '14. 

Induced   Current — QB,    1265. 

Voltage  to   Neutral — QB,    1302. 

Bare   vs.   Insulated   Wire — QB,    1354. 

Insulating   Guy    Wires^^B,    1360. 

Cost   of  Transmission- -QB,    1026. 

Transmission   Data — ..JB.    1039. 

Choice  of  Voltage — QB,    1051. 

Stresses  Between  Conductors  —  QB, 
1113. 

Grounding — QB,    1115. 

Underground 

Cable  Troubles — QB.   1059. 

Drying  Cable — QB.    1117. 

Size  of  Cable — QB.    1127. 

Heating   in   lead    Cables — QB,    1290. 

Supporting  and  Retaining  Devices 

Poles  and  Crossarms — W.  K.  Vander- 
poel.  Their  preservative  treatment  and 
handling.  D-1,  1-10,  W-4625.  Vol.  XIII. 
p.   274,  June.   '16. 

Development  of  a  Pole  Hoisting  Der- 
rick— W.  A.  LaDue.  D-3.  1-3,  W-720. 
Vol.  XI.   p.   367,   June,   '14. 

Insulator  Cement — QB.    1145. 

Cement  Dust  on  Insulators — QB.   1410. 


Conductors 

Skin  Effect H.  B.  Dwight.  Of  a  re- 
turn circuit  of  two  adjacent  strap  con- 
ductors. C-2.  D-1,  W-1540.  Vol.  XIII. 
p.    157,   Apr.,   '16. 

Skin  Effect— QB.    1123,    1319. 

Removing   Insulation — QB,    1137. 

Insulated  Haul  Hope — QB,   1174. 

Iron  -Wire — QB,   1119. 

Capacity  of  Bus-Bars — QB,    1176. 

leads  fronx  D.  C.  Gen. — QB.   1214. 

Iron  vs.  Bronze  Moving  Contacts — QB, 
1254. 

SWITCHBOARDS 

General 

Electrically-Operated     Switchboards  — 

H.  A.  Travers.  Control  equipment.  Cir- 
cuit breaker  structure  arrangements.  C- 
1.  D-1,  1-53,  W-7000.  Vol.  XII,  p.  507, 
Nov.,  '15;  p.   547.  Dec,  '15. 

The  load  Dispatching  System  of  the 
Public  Service  Electiric  Company  of  New 
Jersey — J.  T.  I^awson.  T-2.  1-2,  W-5100. 
Vol.   XI,   p.    602,    (.let.,   '14. 

The  System  Operating  Department  of 
the  Duquesne  light  Company — E.  C. 
Stone.  1-1,  W-22C0.  Vol.  XI,  p.  605, 
Oct.,    '14. 

load  Dispatching  System  of  the  Pitts- 
burgh Railways  Company — J.  W.  Welsh. 
1-3,    W-1900.      Vol.    XI,    p.    607,    Oct.,    '14. 


The    Evolution    of    the    Switchboard — 

B.  P.  Rowe.  Meters.  Switches.  Panels 
Oil  circuit  breakers.  Arrangement  of 
structures.  1-66,  W-10  450.  Vol.  XII,  p. 
320,  July,  '15;  p.  370,  Aug.,  '15;  p.  40S, 
Sept.,  '15. 

Comparison  of  600,  1200  and  2400- 
Volt  D-C.  Railway  Switchboard  Fractica 
— O.  Wortnian.  D-9.  W-1090.  Vol.  XII, 
p.    455.    Oct.,    '15. 

Switchboards  for  Frequency  Changer 
Sets — A.    I,.    Harvev,    1-2,    W-1900.      Vol. 

XII.  p.   SI,  Feb.,  '15. 

Protection  of  Motor-Generator  Sets  in 
Parallel  on  High  Voltage  Direct-Ciirrent 
Systems— E.  F.  N.l.-<.,n.  D-l,  I-l.  W- 
430.      \ol.   XII.  p.    lll.s.   Mar,,  '15. 

Safety  First  Switchboards — EN.XII, 
56S. 

Bus   Clamps— EN. XIII. 554. 

Connections — QB,    1015.    1072. 

Ground  Detector — QB.   1032,   1318,  1340. 

Skin  Effect— QB,   1319. 

Synchronizing  Growler — QB,  1353. 

Interrupting  Devices 

Oil  Circuit  Breakers  and  Their  Appli- 
cation— J.  B.  MacNeill,  Qualifications. 
Calculation    of   rating.    1-7.   W-3360.    Vol. 

XIII.  p.  364,  Aug.,  '16;  T-1,  D-1,  W-1030, 
p.    547,    Nov.,   '16. 

Outdoor  Switch  and  Circuit  Breaker 
Apparatus — J.  .X,  :\r:ih..Ti.\ .  1-20,  W- 
196(1.      \o\.   Xt.   I.    ■:.<vi.   .hill.',   'l-l. 

The  Effect  of  limiting  Reactances  on 
the  Application  of  Oil  Circuit  Breakers 
—J.  N.  Mahoney.  C-2.  W-790.  Vol.  XI, 
p.    200,    Apr.,    '14. 

(E)    I'.   M.   Lincoln.     W-660,  p.   1S3. 

Testing  large  Oil  Circuit  Breakers — 
J.  .X.  .\l:ili.iii.\  .  C-1.  1-4.  \V-1  1(1(1.  Vol. 
XIII.    1>,    .'.'.111.    Dec.    'Ki. 

The  Design  of  Oil  Circuit  Breakers 
for  Quantity  Manufacture — J.  N.  Ma- 
honev.  T-1,  1-21,  W-2370.  Vol.  XII,  p. 
387.    Sept.,    '15. 

(E)   Chas.  R.  Riker.     W-500,  p.   3S6. 

Fire-proof  Compartments  for  High- 
Tension  Oil  Circuit-Breakers — .S.  Q. 
Haves.  1-4,  W-yc.O.  Vol.  XII,  p.  76, 
Feb.,   '15. 

Automatic      Change-Over      Switches 

H.  E.  Trent.  D-2.  1-2.  W-SOO.  Vol. 
XIII,  p.   233.   May,   '16. 

Change-Over  Switches — H.  R.  Meyer. 
On  direct-current  600-1200  and  750-1500 
volt  equipment.  T-2,  D-5,  1-4,  W-1810. 
Vol.    XllI,    p.    479,    Oct.,    '16. 

Disconnecting  Switches — (r.  L.  Christ- 
man.  I-ll,  W-1500.  Vol.  XII,  p.  122, 
Mar..    '15. 

Direct-Trip  Reverse  Current  Devices 
for  Direct-Current  Circuits — H.  E.  Trent. 
C-1.    11-4.    1-3.    W-1340.      Vol.   XII,    p.    360. 


Aup 


Magnetic   Blowouts — EN. XII. 85. 

Air  Break  Switch — QB,    1089. 

Series  Contactor — QB.    1167. 

Carbon  vs.  Oil  Circuit  Breakers — QB, 
1193. 

Uncertain  Action — QB,   1285. 

Transformer   Fuses — (3B,    1331. 

Switching  Synchronous  Apparatus — 
QB,   1310. 


THE    ELECTRIC   JOURNAL 


Protective 

Tbe  History  oX  the  Iilgrlitnlng'  Arrester 
—A.  J.  Wurts.  D-2,  I-ll,  W-6500,  p. 
187,  Apr.,  '16;  p.  207.  May,  'It;  R.  P. 
Jackson.  D-2.  1-7,  W-1870.  Vol.  XIII, 
p.   299.  June,  '16. 

Protection  of  Outdoor  Transformet 
Substations  from  Zilerlitnlng' — Q.  A. 
Brackett.  1-6.  W-1380.  Vol.  XI,  p.  409, 
July.  '14. 

Klerlitnlner  Arresters  for  Electric  Rail- 
way Bquipment — Q.  A.  Brackett.  Cir- 
cuit breaker,  magnetic  blow-out,  multi- 
path,  and  condenser  type  arresters.  I-T, 
■W-3  J80.      Vol.   XI.   p.    247.   May.   '14. 

Charerln?  Beslstance  for  ElectrolyWe 
Alg-htnlner  Arresters — G.  C.  Dill.  D-J, 
1-2.  W-790.     Vol.  XI,  p.  251,  May,  '14. 

Protection  from  i;ierlitning  and  Hlgfh- 
Toltag'e  Disturbances — Q.  A.  Brackett. 
Lines.  Station  equipment.  Types  oif 
arresters.  I-ll.  W-5460.  Vol.  XII,  p. 
810,    July,   '15. 

Protection  of  Distributing'  Transfov- 
aiccs — Q.  A.  Braekett.  I-J,  W-1460.  Vol. 
XIM,  p.    302,  June,  '16. 

Lig-htning-  Protection — QB,    1018,    1287. 

■leotrolrtlc  Arresters — QB,  1«53,  1120. 

For   Converters QB,    1071,    1276. 

Grounding   Arresters — QB.    1073,    1241. 

Ground  Resistance — QB,   1250. 

«hoke  CoUs— QB,   1081,   13S0. 

Por  D.  C.  Circuits — QB,   1118. 

location  of — QB,    1188. 

Kl«r]itnlng  Rods — QB,  1260. 


REGITLATIOIV  AND  CONTROL 

Regulators 

Toltage  Regulation  of  tlie  West  Fenn 
System — J.  S.  Jenks.  Automatic  induc- 
tion regulators.  I-S,  W-3240.  Vol.  XI, 
p.   399,   June,  '14. 

Automatically-Controlled  Feeder  Vol- 
tage Regulators — B.  E.  Lehr  and  I.  C. 
Mlnlck.  1-4,  D-2,  W-1910.  Vol.  XIII,  p. 
M2.   July.   '16. 

A  480-Folnt  Testing  Regrnlator — E.  E. 
Lehr.  D-4,  I-l,  ■W-1450.  Vol.  XIII,  p. 
E17,   May,   '16. 

Automatic  Induction  Regulator — QB, 
1166. 

Three-Phase  Regulators — QB,  1244. 


Controllers 

Tbe  STOlutlon  of  Industrial  Control- 
lers— T.  S.  Perkins.  D-1,  1-3,  W-3720. 
Vol.  XI,  p.   695,  Dec,  '14. 

Progress  in  Industrial  Control — T.  T>. 
Hallock.  (E)  W-13S0.  Vol.  XI,  p.  653, 
Dec,  '14. 

An  Appeal  for  Controller  Education — 
M.  L.  Beach.  (E)  W-630.  Vol.  XI,  p. 
614,    Dec,    '14. 

An  Analysis  of  Controller  Diagram 
Construction — H.  L.  Beach.  D-8,  W-1510. 
Vol.  XI,   p.   666.   Dec,   '14. 

Ibe  Magnet  SwltcU^E.  A.  Hanff.  De- 
tails of  design  and  charasteristics.  1-16, 
W-SSDO.      Vol.   XI,   p.    656,   Dec,   '14. 

An  Analysis  of  Industrial  Control — A. 
G.  Popcke.  With  respect  to  type  of  con- 
struction and  characteristics  of  tlie  mo- 
tors. T-1,  W-2450.  Vol.  XI,  p.  661,  Dec,  '14. 

Automatic  Starters  and  Controllers — 
W.  H.  Patterson.  D-5,  1-14,  W-1740. 
Yol.  XI,  p.  669,  Dec,  '14. 

Control  Panels  for  Synchronous  Mo- 
tore — R.  L.  Kimber.  D-1,  1-7,  W-14S0. 
Vol.  XI,  p.   701.  Dec,  '14. 

The  Manufacture  of  Electric  Control- 
lers— J.  A.  Blickman.  1-7,  W-1930.  Vol. 
XI,    p.    692,   Dec,   '14. 

tTnlt-Swltch  Control  on  the  New  'ifork 
Municipal  Railway — E.  Keller.  D-1,  1-6, 
W-1092.      Vol.   XIII,  p.   462.  Oct.,   '16. 

Recent  Development  in  HIi  Control — 
J.  A.  Clark*.  Jr.  D-1,  1-14,  W-1620.  Vol. 
XM,  p.  462,  Oct.,  '15. 

Kow-PIoor  Car  Control — Karl  A.  Sim- 
mon. The  HLD  Controller.  D-3,  1-4,  W- 
765.     Vol.  XIII,  p.  505,  Oct.,  '16. 

Transition  In  Railway  Control — EN, 
XII,425. 

Preventive  CoUs— EN,XIII,319. 

Automatic  Slip  Regulators — EN, XIII, 
J19. 

SPECIFIC  APPI.ICATIONS 

(Arranged    Alphabetically.) 

Control  for  Electrically  Driven  Rubber 
Calenders — T.  E.  Simpers.  C-1,  D-3,  1-4, 
W-2070.      Vol.    XI,    p.    6S6,    Dec.    '14. 

Magnetic  Controllers  for  Crane  Motors 
— W.  O.  Lum.  D-1,  1-7,  W-1600.  Vol.  XI, 
p.  681,  Dec.  '14. 

The  Selection  of  Control  for  Portable 
Drilling  Rigs — W.  R.  Johnston.  D-4.  1-4. 
W-3700.     Vol.  XI.  p.  720,  Dec,  '14. 

Electric  Elevator  Control — H.  D. 
James.  D-2,  1-3,  W-2520.  Vol.  XI.  p. 
677,  Dec,  '14. 


Control  for  Mine  Hoists — Graham 
Bright.  Direct-current.  Alternating- 
current.  The  Ward  Leonard  and  Ilgner 
systems.  C-2,  D-3,  1-3,  W-3330.  Vol. 
XI,  p.   704,  Dec,  '14. 

Skip  Hoist  Control— J.  H.  Albreeht, 
For  blast  furnaces.  C-2,  D-1,  1-4,  W- 
960.     Vol.  XI,  p.  664,  Dec,  '14. 

Automatic  Control  for  laundry  Ma- 
chines— H.  F.  Boe.  Driven  by  alternat- 
ing-current reversing  motors.  C-1.  D-1, 
1-4.  W-750.     Vol.  XI.  p    690.  Dec.  '14. 

Automatic  Controllers  for  Adjustable- 
Speed,  D.  C.  Paper  Machine  Motors — R. 
T.  Kintzing.  D-1,  1-2,  W-820.  Vol, 
XIll,  p.  430,  Sept..  '16. 

Operation  of  PK  Control  on  the  New 
York  Railways — Alex.  Mclver.  1-5,  W- 
1350.      Vol.    XI.   p.    570,   Oct.,   '14. 

(K)   B.  W.  Stemmerich.     W-2S0,  p.  SOS. 

The  Control  of  Induction  Motors  for 
Rolling  MUl  Drive — Wilfred  Sykes  and 
G.  E.  Stoltz.  Bv  the  automatic  slip  reg- 
ulator. C-9,  D-1,  1-3,  W-35S0.  Vol.  XI, 
p.  709,  Dec,  '14. 

Magnetic  Control  for  Steel  Mill  Auz- 
Uiary  Motors— A.  G.  Ahrens.  D-1,  1-7, 
W-274n-      Vol.   XI,   p.   673,    Dec,   '14. 

(E)    Brent    Wiley.      W-450,   p.    655. 

Steel-Mill  Motor  Control W.  O.   Lum. 

Automatic  starters.  Contractors.  Re- 
lavs.  D-3,  1-9,  W-2340.  Vol.  XI,  p.  158, 
Mar.,  '14. 

Rheostats 

Design  of  D.  C.  Accelerating  Resis- 
tors—L.  J.  Hibbard.  C-2,  D-1,  W-2360. 
Vol.   Xlll,   p.    508,   Oct.,   '16. 

The  Design  and  Application  of  Rheo- 
stats—H.  C.  Nagel,  1-9,  W-4220.  Vol. 
XI,  p.   720,  Dec,  '14. 

Grid  Resistor  Standardization — H.  H. 
Johnston.  T-2,  C-1,  D-9,  W-2040.  Vol. 
XIII,  p.   482,  Oct.,   '16. 

Iiight-Weight  Grid  Resistors — Joseph 
D.  Birrell.  C-1,  I-l,  W-830.  Vol.  XIII, 
p.    506,    Oct.,    '16. 

The  Mounting  and  Maintenance  of  Car 
Resistors    -lliil'.   XIII.   U'M. 

Iron    Wire    Rheostat QB,    1200. 

Iilquid  Rheostats-  W.  E.  Thau.  For 
controlling  wound  seoond.arv  induction 
motors.  C-1,  D-1,  1-3,  W-1610.  Vol.  XI, 
p.    684,    Dec,   '14. 

(El  Girard  B.  Rosenblatt.  W-3S0,  p.  655. 

Water  Rheostat — QB,    1330. 


GENER.U, 

Electricity  in  the  Home — George  Wil- 
liams. W-300.  Vol.  XII,  p.  229,  June,  '15. 

Storage  Batteries 

Cadmium  Readings — QB,   1316. 

LIGHTING 

The  New  Code  of  Iiighting  for  Fac- 
tories   and    Other    Work    Places— C.    E. 

Clewell.  T-1,  C-1,  1-2,  W-4350.  Vol. 
XIII,   p.   182,   Apr.,   '16. 

(E)      Chas.    R.    Riker.      W-450,   p.    153. 

Arguments  Against  Iiight — Reprinted 
from  1816.  W-250.  Vol.  XI,  p.  96,  Feb., 
'14. 

Dlumination 

standardization  in  Industrial  Illum- 
ination— A.  J.  Airston.  T-3,  1-4,  W- 
3370.      Vol.   XI,   p.    347,   June,   '14. 

Tendencies  in  Street  Car  nimnination 
— N.  H.  Callard.  T-2.  C-1.  1-5,  W-2000. 
Vol.  XII,  p.  449.  Oct..  '15. 

(E)   W.  H.   Rolinson.     W-500,  p.   433. 

Watts  vs.  Wallpaper — S.  G.  Hibben. 
The  effect  of  interior  colors  and  finishes 
upon  room  lighting.  T-8,  D-1,  W-2015. 
Vol.  XIII,  p.   329,  July,  '16. 

(E)   A.   H.   Mclntire.     W-180,  p.    323. 

Flood  Iiighting — QB,   1366. 

Units 

street   and   Industrial   lighting   Units 

— G.  W.  Roosa.  T-2,  C-3,  D-2,  I-ll,  W- 
3130,     Vol.  IX,  p.  325,  June,  '14. 

INCANDESCENT   I^AMPS, 

Ziarge    Incandescent   Iiighting   Units — 

A.  R.  Dennington.  The  nitrogen  filled 
tungsten,  1-4,  W-2330.  Vol.  XI,  p.  306, 
June,  '14, 


UTILIZATION 

The  Efficiency  of  the  Incandescent 
lamp— W.  H.  Rolinson.  T-3,  C-4,  1-2. 
W-2S50.      Vol.   XI,   p.    341.   June,    '14. 

Results  with  Nitrogen-Pilled  lamps 
— Ray  Palmer.  For  street  lighting  in 
Chicago.  T-1,  W-1090.  Vol.  XII,  p.  226, 
June,   '15. 

Mazda  lighting  Systems — W.  P.  Hur- 
ley. Residence  districts.  Business 
streets.  Systems.  C-5,  I-ll,  W-4360. 
Vol.  XII,   p.    234,   June,   '15. 

Incandescent  lamp  Developments — 
E.  J.  Dailey,  Jr.  T-1,  1-3,  W-1S60.  Vol. 
XII,  p.   251,  June,  '15. 

Mazda  C  lamps  in  the  Making — A.  R. 
Dennington.      1-6,    W-3050.      Vol.   XII, 
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The  Mazda  C  lamp — W.  A.  McKay. 
Its  development  and  use.  1-6,  W-1955, 
Vol.  XIll,  p.   293,  June,  '16. 

Artiflclal   Day   light  Units — QB,    139S. 

Mazda  Blue  Print  Machine — QB.    1405. 

Incandescent  lamps  for  Moving  Pic- 
ture—W.  T.  Birdsall.  T-1,  D-2,  W-13S0, 
Vol.  XIII,  p.   310,   June.  '16. 

Twenty-flve-Cycle     lighting — QB.1077. 

Mfg.  of  Carbon  Filament — QB.   1079. 

220-'7olt  vs.  110-Volt  lamps — QB, 
1170.    1257. 

ARC  lAMFS 

The  History  of  the  Arc  lamp — F.  Con- 
rad and  W.  A.  Darrah.  C-1.  D-12.  1-49, 
W-10  900.  Vol.  XII,  p.  517,  Nov.,  '15;  p. 
560,  Dec,  '15;  Vol.  XIII,  p.  103,  Feb.,  '16; 
p,    140.    Mar..   '16. 

D,  C.  lamp  on  A.  C — QB.  1131. 

Regulating  Arc  lamp — QB.   1047. 

Metallic  Flame  Arc — QB.    1220. 

POWER 

General 

load  Building  in  large  Cities — E.  W. 

Lloyd.    W-600.    Vol.  XI.  p.  296.  June, '14, 


Building'       Big       Business  —  Douglass 
Burnett.        W-24S0.      Vol.      XI,      p,      297, 
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Securing  Power  Business L.  P.  Per- 
ry.    W-440.     Vol.  XI.  p.   299,  June,  '14. 

Methods  of  load  Building — Gordon 
Weaver.    W-560.    Vol.  XI,  p.  300,  June,  '14. 

Merchandising  Methods  for  the  Sals 
of  Appliances — T.  I.  Jones.  1-3.  W-340, 
\'ol.  XI.   i>.   301.  June,  '14. 

Electrical  Appliance  Merchandising — 
Joseph  V.  Guilfoyle.  W-1150.  Vol.  XII, 
p.    565,   Dec,   '15. 

Promoting  Residential  Service — George 
P.  Roux.  Rate  analysis.  T-2,  C-3,  I-l, 
W-23(;ii.     Vol.  XIII,  p.  550,  Nov.,  '16. 

A  Perspective  Survey  of 'Electricity  in 
Industry — Chas.  F.  Scott.  C-4,  D-2,  1-4, 
W-3630.     Vol.  XII,  p.   6,  Jan.,  '15. 

New  Opportunities  for  Central  Sta- 
tions— A.  E.  Rickards.  A  study  of 
credits.  T-1,  C-1,  W-IOSO.  A'ol.  XII,  p. 
10,  Jan.,   -15. 

The  Modem  Power  Salesman — C.  N. 
Johnson.  (E)  W-590.  Vol.  XII,  p.  175, 
May,  -15. 

Factors  Governing  the  Cost  of  Power 
—George  P.  Roux.  W-3260.  Vol.  XII, 
p.    363.   Aug.,    '15. 

The  Marginal  Element  in  Power  Con- 
tracting— E.  D.  Dreyfus.  (E)  W-690. 
Vol.   XII,   p.    223,   June,   '15. 

Popularizing    Electric    Service — A.    H. 

Mclntire.      (E)   W-430.     Vol.  XII,   p.  496, 
Nov..   '15. 

Industrial  Electricity — O.  F.  Stroman. 
(E)    W-260.      Vol.   XII.   p.    176.    May.   'IS. 

The    Cost   of   a   Kilowatt-Hour — A.    F. 

Strouse.     A  discussion  of  fundamentals. 
T-2,  C-3,  W-4260.     Vol,  XI.  p.  444,  Aug., 
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Making'    Power    Investleratlons — B.    H. 

Ulrich.  Instruments.  The  investiga- 
tion. The  report.  T-1,  C-3,  1-4,  W-35S0. 
Vol.  XI,  p.  13S.   Mar.,  '14. 

Typical  Electric  Power  Plant  Costs — 
M.  C.  McNeil.  500  to  5000  kw  plants 
at  various  load  factors.  T-4,  W-2180. 
Vol.  XI,  p.   135.  Mar..  '14. 

Turning  the  'Wheels  of  Industry — 
(E)      W-900.      Vol.    XI,    p.    Ill,    Mar.,    '14. 

Motor  Drive  in  the  Industrial  Field — 
C.  W.  Drake.  W-ISOO.  Vol.  XI,  p.  115, 
Mar.,   '14. 

The  Growth  of  the  Central  Station  In- 
dustry— S.  A.  Fletcher.  C-1,  W-1600. 
Vol.    XI,    p.    127,    Mar.,    '14. 

Motors  and  Their  Application 

Practioual      Horse-Power     Motors — B. 

Lester.  (E)  W-340.  Vol.  XII,  p.  175, 
May,  '15. 

Applying  Small  Motors — H.  F.  Boe. 
Application.      Types.      1-8,   W-2900.      Vol. 

XII,  p.    182,   May,   '15. 

SPECIFIC   APFI^ICATIONS 

(Arranged    Alphabetically.) 

Electrical  Equipment  for  Automobiles 

— C.  E.  Wilson.  Starting  motors  and 
lighting  and  ignition  generators.  C-5, 
D-2,  1-9.  W-1810.  Vol.  XII,  p.  326,  July, 
'15. 

Electrically-Operated  Boot  and  Shoe 
Factories — C.  N.  Johnson.  T-5,  1-3,  W- 
1850.      ^'ol.   XI,   p.    160,   Mar.,   '14. 

Economy  in  the  Manufacture  of  Cane 
Sugar — Wirt  S.  Scott.  By  the  use  of 
electrically-operated  mills.  T-3,  D-2,  I- 
30,  W-4760.     Vol.  XII,  p.  12,  Jan.,  '15. 

(E)   H.  F.  Griffith.     W-710,  p.  4. 

Motor  Bequirements  in  the  Portland 
Ceiuent  Industry — P.  N.  Harrison.  De- 
scription of  apparatus.  Typical  instal- 
lations. 1-12,  T-2,  W-4SiO.  Vol.  XI,  p. 
48.   Jan.,    '14. 

Coal-Cutting-    Machines — QB,    1295. 

Converter  Aisle  of  the  -Washoe  Reduc- 
tion 'Works — W.  C.  Capron.  At  the  Ana- 
conda Copper  Mining  Company.  1-4,  W- 
1620.      Vol.   XIII,   p.    560,   Dec,   '16. 

Motor-Driven  Conveyors — V.  C.  Moul- 
ton.  1-6,  W-1210.  Vol.  XII,  p.  201,  May, 
•15. 

A  Central  Station  Analysis  of  Cotton 
Gins — John  Gelzer,  Jr.  Power  require- 
ments. T-4,  C-1,  D-1,  1-6,  W-1870.  Vol. 
XI,  p.  428,  Aug.,  '14. 

(E)    D.   S.   Bowman.      W-400,   p.   420. 

The    Cotton    Industry    in    California — 

C.  D.  LaMoree.  I-l,  W-590.  Vol.  XI,  p. 
436,   Aug..   '14. 

The  Situation  Before  the  Cotton  Tex- 
tile Manufacturers — A.  E.  Rickards. 
Power  requirements.  T-8,  C-3,  1-3,  W- 
2840.      Vol.    XI,    p.    404,    July,    '14. 

Effect  of  Trolley  Resistance  on  Crane 
Operation — QB,   1147. 

Electric    Power   in   Gold   Dredging — T. 

D.  Prier.  In  the  Alder  Gulch  region. 
T-1,  1-5,  W-2670.  Vol.  XIII,  p.  562, 
Dec,   '16. 

Placer  Mining  with  Bucket  Dredges-- 
W.  M.  Hoen.  1-3,  W-1930.  Vol.  XI,  p. 
132,    Mar,,    '14, 

Direct  Traction  Elevator  Equipment 
— A.  Brunt  and  H.  L.  Keith.  Motor.  Con- 
troller. C-1,  D-1,  1-4,  W-2150.  Vol.  XII, 
p.   195,   Mav,   '15. 

(E)    W.    H.    Patterson.      W-490.    p.    176. 

Two-Speed  A.  C.  Elevator  Motors — W. 
H.  Patterson.  1-4,  W-790.  Vol.  XIII,  p. 
296.    June,   '16. 

Mechanically-Operated  Gyrator  Fans 
— E.  E.  Garlits.  C-1,  D-1,  1-6,  W-1390. 
Vol.   XlII,   p.    314,   June,  '16. 

•Ventilation  by  Small  Motor-Driven 
Fans  and  Blowers — Bernard  Lester.  T-1, 
1-9,   W-1470.      Vol.   XI,    p.    351,    June,   '14. 

Improving  Air  Conditions — E.  E.  Gar- 
lits. By  exhaust  and  agitator  fans  and 
ozonizers.  T-2,  I-ll.  W-2940.  Vol.  XI, 
p.    331.   June,    ^14. 

Individual  Motor  Drive  for  Flotation 
Machines — E.    Shores.      1-3,   W-13S0.   Vol. 

XIII,  p.  566,  Dec,  '16. 

Electric  Drive  in  Flour  Mills — T.  B. 
Simpers.  T-1,  1-7,  W-2300.  Vol.  XII, 
p.    504.    Nov..   ^15. 

Flour  MUls — QB.    1296. 

The  Production  Problem  in  the  Foun- 
dry and  Machine  Shop  Industry — A.  E. 
Rickards.  T-11,  1-6,  W-2425.  Vol.  XI, 
p.   216,   Apr.,   •II. 

Motors  in  Garages — Bernard  Lester. 
1-9,   W-1270.      Vol.   XIII.   p.    57.    Jan.,    •lo. 

Application  of  Motors  to  Hardinge 
MUlB— W.  A.  Rankin.  C-1,  I-l,  W-1500. 
Vol.  XI.  p.  398,  July,  '14. 

(E)   W.  A.  Thomas.     W-SIO,  p.  379. 


Power  Requirements  of  Electric  Hoist- 
ing Plants-  Wilfred  Sykes.  Hoisting 
.■ipi  ■ds.  Aicc-liration  and  retardation 
with  cNlindrical  and  conical  drums.  C-4. 
I-l,    W-3660.      \'ol.   XI,    p.    144,    Mar.,   '14. 

Balanced  Hoisting  Systems — Wilfred 
Sykes.  The  use  of  flywheels  with  the 
Ilgner  and  the  converter  hoisting  sys- 
tems. T-1,  C-2,  D-3,  W-2435.  Vol.  XI, 
p.    274,   May.   •ll. 

The    Granite    Mountain    Hoist G.    B. 

Rosenblatt  and  Wilfred  Sykes.  C-5.  1-4, 
W-3570.     Vol.  XIII,  p.  229,  May.  '16. 

Electric  Mine  Hoists — Graham  Bright. 
1-7,  W-2620.     Vol.  XIII,  p.  578,  Dec,  'le. 

Special  Hoist-  QB,    1164. 

Tlie  Electrical  Equipment  of  the  "Wil- 
liam Peun  Hotel — ,1.  Irvin  Alexander. 
1-12,  \V-i:;iu.  \ul.  XUl,  p.  304.  June, 
•16. 

(E)    Chas.   R.    Riker.      W-550,   p.   240. 

Electrical  Installation  of  the  Cleve- 
land Cliffs  Iron  Company — F.  C.  Stan- 
ford. Requirements  of  motor  service. 
T-1,  C-7,  D-1,  1-2,  W-4320.  Vol.  XI,  p. 
381,   July,   •ll. 

(E)   W.  A.  Thomas.     W-310,  p.   379. 

Electric  Drive  in  the  Iiaundry — H.  F. 
Boe.  Laundrv  machines.  Motor  re- 
quirements. C-2,  1-4,  W-3470.  Vol.  XI, 
p.    163,    Mar.,   •ll. 

Purchased  Power  and  the  I^eather  In- 
dustry— A.  E.  Rickards.  Analysis  of 
the  industry'  and  its  power  requirements. 
C-4,  1-5.  T-6,  W-2810.  Vol.  XI,  p.  41, 
Jan.,   •ll. 

Electrically-Operated  Iiime  Plants — 
J.  E.  Forgy.  I-S,  W-1090.  Vol.  XII,  p. 
1S6,    May,    '15. 

Purchased  Power  and  Bituminous 
Coal  Mining — A.  E.  Rickards.  Power 
riiiMiii-inc'iiis.  Types  of  motors.  I-IO, 
W-3:iOU.       Vol.    XI,    p.    81,    Feb.,    '14. 

Electricity  in  Metal  Production — 
Girard  B.  Rosenblatt.  (E)  W-680. 
Vol.   XlII,   p.    559,   Dec,   •le. 

Electricity  Applied  to  Metal  Mining — 
W.  N.  Clark.  In  the  Cripple  Creek  gold 
mining  district.  1-5,  W-1S20.  Vol.  XIII, 
p.    568,   Dec,   '16. 

Motion  Picture  Machines  —  A.  M. 
Candv.  1-3,  W-3550.  Vol.  XIII,  p.  289. 
June.   •le. 

Electric  Drilling  in  the  Oil  Field — W. 
R.  Johnston.  Drilling  operations.  Power 
requirements.  T-1.  C-1,  I-ll,  W-40S0. 
Vol.   XI,   p.    172,    Mar.,   '14. 

Purification  by  Ozone — QB,    1065. 

Static  in  Paper  Machines — QB.   1282. 

Reversing  Motor  Planer  Equipment — 
W.  B.  Xukhis.  Details.  Economy  of. 
T-1,  C-2,  I-S,  W-1S05.  Vol.  XI,  p.  129, 
Mar.,   '14. 

Electrical  Precipitation — R.  W.  Kerns. 
At  the  International  Smelting  Com- 
pany's Plant,  Miami,  Ariz.  D-1,  1-3, 
W-1S54.     Vol.  XIII,  p.  576,  Dec,  '16. 

Electric  Drive  for  Small  Printing 
Plants — F.  S.  Dellenbaugh,  Jr.  1-5,  W- 
2050.      Vol.   XII,   p.   192,   May,  •IS. 

Motors  in  the  Pulp  and  Paper  Indus- 
try— E.  C.  Morse.     T-1,  1-8,  W-2200.  Vol. 

XI,  p.  149,  Mar.,  •ll. 

Fan  Motors  in  Paper  Factory — QB, 
1216, 

Irrigation  by  Pumping  in  California 
—  li.  A,  Balzari.  Improving  arable  land; 
Developing  arid  land;  Reclaiming  alkali 
deserts.  1-8,  W-47S5.  Vol,  XI,  p.  114. 
Mar.,    •ll. 

Pole   Pumps — QB,    1144. 

Syn.  Motor  for  Pumps — QB,   1091. 

Electric  Drive  in  Railroad  Repair 
Shops — J.    H,    Brvan.      1-7.   W-2040.      Vol. 

XII,  p.    19S,    May.    •IS. 

Fabrication  of  Rubber  Goods — E.  C. 
Baugher.  Processes.  Power  require- 
ments. I-IO.  W-2740.  Vol.  XI,  p.  168, 
Mar..   •I 4. 

Motor  Driven  Shovels — W.  H.  Patter- 
son. 1-5,  W-SIO.  Vol.  XI,  p.  14  2,  Mar.. 
■14. 

The  Silk  Industry  in  Northeastern 
Pennsylvania — G.  F.  Smith  and  E.  L. 
K\  l.v  T-,"..  C-1.  I-ll.  W-2470.  Vol.  XII. 
p,    4  02,    .s.pt,.   '15, 

Electricity  in  Slate  Mining — R.  C.  Ber- 
lin. 1-5,  W-4130.  Vol.  XII,  p.  177,  May. 
'15. 

Central  Station  Service  for  Steel  Mills 
— T.  8.  Henderson.  T-1.  1-2,  W-1480. 
Vol.  XII,  p.   254.   June.  '15. 

Steel    Mill    Electrification Brent    Wi- 

lev.  (E)  W-610.  Vol.  XIII,  p.  515,  Nov., 
•16. 

Speed  Adjustment  of  Alternating-Cur- 
rent Mill  Motors — G.  E.  Stoltz.  By  ro- 
tary converter  and  motor-generator 
auxiliaries.  C-5,  D-2,  1-4,  W-6145.  Vol. 
XI,  p.  277,  Mav,  '14. 

(E)    W.   Sykes.      W-525,   p.   240. 


Tandem  Operation   of  Cold-Roll  Mills 

— K,  .S,  L;iliini.-rs,  Jr.  1-2,  W-880.  Vol, 
XlII,     I>,     3;il,    Aug..     '16. 

Reversing  Roll  Motors  In  Steel  Mills 
— W.  R.  Runner.  With  power  from  mo- 
tor generator  fly-wheel  set.  C-3,  D-2, 
1-7,  W-2900.    Vol.  XIII,  p.  527,  Nov.,  '16, 

Electric  Power  for  Textile  Mills^ 
John  S.  Henderson,  Jr.  Comparison  of 
methods  of  power  generation.  T-1,  C-3, 
1-3,    W-3180.      Vol.    XI,    p.    432,    Aug.,    '14. 

(E)      D.   S.  Bowman.   ■  W-400,  p.   420. 

Electricity  in  'Woodworking — C.  N. 
Johnson.  1-14,  W-2330.  Vol.  XIII,  p. 
284,  June,  '16. 

Vehicles 

The   Future   of  the  Motor  Bus — T.   H. 

Schoepf.  (E)  W-440.  Vol.  XII,  p.  432, 
Oct.,    '15. 

The  Electric  Vehicle — J.  M.  Curtin. 
(E)    W-1000.      Vol.    XIII,   p.    3,    Jan.,    '16. 

Electric  Passenger  Cars — Gail  Reed. 
Types  of  construction.  Maintenance 
data.  T-3,  W-4200.  Vol.  XIII,  p.  12, 
Jan.,   '16. 

The  Trackless  Train — G.  W.  Bulley. 
Motor  tractors  for  industrial  service. 
D-2,  1-3,  W-3540.  Vol.  XIII,  p.  21,  Jan., 
'16. 

Promoting  the  Sale  of  Electric  Deliv- 
ery •Wagons— W-1140.  Vol.  XIII,  p.  64, 
Jan.,   '16. 


The  Automobile  Industry — G.  Brewer 
Griffln.  (E)  W-1000.  Vol.  XIII,  p.  2, 
Jan..   '16. 

Lighting  and  Starting  Systems — D.  G. 
Roos.  From  the  car  manufacturer's 
standpoint.  The  selection  of  voltage,  bat- 
tery, motor  and  generator.  Wiring.  T-2, 
C-10,  W-4120.     Vol.  XIII,  p.  4,  Jan.,  '16. 

One-'Dnit  Starting  and  Iiighting  Auto- 
mobile Equipments — H.  F.  Patten.  C-1, 
W-L'I'.Hi,      \-,.|     Xlll.    p.    41.    Jan.,   '16. 

Regulation  of  Automobile  Lighting 
Generators — C.  E.  Wilson.  Bucking 
series.  Third  brush.  Mechanical  regu- 
lator. C-5,  D-7,  W-2340.  Vol.  XIII,  p, 
45,    Jan.,   '16. 

Mechanical  Applications  of  Generators 
and  Motors — W.  A,  Dick.  Methods  of 
support.  I-IO,  W-1S60.  Vol.  XIII,  p. 
49,  Jan..  '16. 

Control  Switches — B.  D.  Kunkle.  For 
electrical  equipment  of  gas-driven  auto- 
mobiles. D-2.  W-1790.  Vol.  XIII,  p.  52, 
Jan.,  '16. 

Electric  Starting  and  Lighting  Ford 
Cars— W.  O.  Lum.  C-1,  D-3,  I-IO,  W- 
1630.      Vol.   XIII,   p.   54,   Jan.,   '16. 

Methods  of  Ignition — J.  B.  Dyer.  For 
gasoline  automobiles.  D-6,  1-13,  Vf- 
2720.     Vol.  XIII.  p.   61,  Jan.,  '16. 

Increasing  Spark— EN,  XIII,  65,  QB, 
1384. 

Testing  Magneto — QB,   1401. 

Heating  Apparatus 

Electricity  for  Enameling  or  Japan- 
ning— Wirt  S,  Scott.  T-1,  1-5,  W-1190. 
Vol,  XlII,  p.  312,  June,  '16. 

Immersion  Heaters  for  Liquids  or 
Semi-Liquids — E.  F.  Carpenter.  T-1,  D-1, 
I-S,   W-1735.      Vol.   XI,   p.    358,   June,   '14. 

The  Energy  Required  for  Keating 
Buildings — W.  O.  Peale.  T-3,  1-2,  W- 
1235.     Vol.  XI,  p.   345,  June,  '14. 

The  Electrically  Heated  Linotype  Pot 
H.  M.  Wicker.  D-1,  1-4,  W-1200.  Vol, 
XI,   p.    336,    June,   '14. 

Electric  Ranges — H.  C.  Hopkins.  T-1, 
1-5,   W-93y.      Vol.  XIII,  p.   316,   June,  '16. 

Temperature   of  Heater — QB,    1036. 

Current  to  Anneal  Copper — QB,   1070. 

Rewinding — QB,    1156. 

Por  Air  Cylinder — QB,  1409. 

Pipe  Thawing — QB,   1411. 

Welding 

Applications   of  Electric   Arc  "Welding 

— E.  S.  Zuck.  Use  of  carbon  and  metal 
electrodes.  1-7,  W-2460.  Vol.  XI,  p.  37, 
Jan.,  '14, 

Arc  "Welding — QB,   1104. 

Arc  •Welding  Brass — QB,   1348. 

Equipment  for  Electric  Arc  •Welding 
— E.  S.  Zuck.  T-1,  D-1,  1-5,  ■VV'-3550. 
Vol.  XI,  p.   565,   Oct.,  '14. 


lO 

Electro-Percussive  ■Welding — C.  E. 
Skinner  and  L.  W.  Chubb.  A  special 
process  for  aluminum  and  for  dissim- 
ilar metals.  C-1.  D-2.  1-9,  W-2990.  Vol. 
XI,  p.  640,  Nov.,  '14. 

Electro  Percussive  ■Welding — QB,   11  io. 

Spot  ■Welding— QB,  1204. 

Arc  for  Cutting  Metal— QB,  1277. 


Magnets 

Shading  CoUs  for  Single-Phase  Mag- 
nets—R.  T.  KintzinK.  D-2,  W-610.  Vol. 
XII.  p.  407.  -Sept..  'in. 

Design  of— QB.  1021. 


THE   ELECTRIC   JOURNAL 


Impregnation — QB,  1100. 
Capacitance      to      Absorb      Spark — QB, 
1124. 

Shunting   Contact  Points — QB,    1222. 
Magnet   Operation — QB,    1329. 
A.  O.  Solenoids — QB,  1351. 
Magnet  Brake — QB,   1355. 

INTELLIGENCE  TRANSMISSION 

Recent  Improvements  in  Radio  Com- 
munication  V.    F.    Van    l\vck.      D-9,    W- 

4440.      Vol.    XIII.    p.    355,    July.    '16. 

The  Grant  Telephone  Exchange, 
Pittsburgh — F.  K.   Singer.      Fundamental 


principles.  The  switchboard  apparatus. 
Toll  calls.  Traflic  requirements.  Main- 
tenance. T-1,  C-2,  D-1,  I-IO,  ■W-S3o0. 
Vol.    XIII,    p.    516,   Nov.,    '16. 

(B)    Chas.   R.   Riker.      W-290,   p.    515. 

Neutralizing  Transformers  and  Their 
Use  in  Telephone  Circuits — Thomas 
Shaw.  For  reducing  voltages  induced 
bv  adjacent  power  circuits.  D-3,  1-4. 
W-5630.     A'ol.  XI,  p.   622,   Nov.,  '14, 

(E)   Chas.  F.   Scott.     'W-ISSO,  p.   610. 

The  Protection  of  Telephone  Circuits 
— W.  A.  Darrah.  D-5,  I-S,  W-3150.  Vol. 
XI,   p.    631,    Nov.,   '14. 

(El    F.   B.  Jewett.     W-620,  p.   611. 

Submarine  Cables — QB,   1406. 


RAILWAY    ENGINEERING 


GENERAL 

The  Prospect  of  Railroad  Electrifica- 
tion— F.  H.  Shepard.  i,E)  ■W-1200.  Vol. 
XIII.  p.  438,  Oct.,  '16. 

Developments  in  Electrification — F. 
H.  Shepard.  (E)  W-550.  Vol.  XIII,  p. 
Ill,    Mar.,   '16. 

Electrification  the  Solution  of  Con- 
gested Railway  Service — G.  M.  Eaton. 
(E)    W-670.      Vol.   XIII,   p.    440,    Oct.,    '16. 

The  Electrification  of  Transportation 
lines — N.  W.  Storer.  Tunnels.  Ter- 
minals. Mountain  grade.  Water  power. 
Main  line.  Legislation.  Systems.  W- 
44S0.      Vol.  XIII,   p.   120,   Mar.,  '16. 

Direct  Current  for  Terminal  and 
Trunk  line  Electrification — N.  W. 
Storer.  Series  motor  characteristics. 
Field  control.  Regeneration.  Line  vol- 
tage. Contact  system.  Motors.  Con- 
trol. C-6.  D-5,  W-6220.  Vol.  XIII,  p. 
214,    May,    '16. 

(E)    W-440,   p.    199. 

TTnevaluated  Factors  In  Electrified 
Railroad  Operation — Q.  W.  Hershey.  W- 
2700,      Vol.    XIII,   p.    131,    Mar.,    '16, 

The  Pirst  SOOO-'Wolt  D.  C.  Railway — 
N.  W.  Storer.  Equipment.  Operation.  D-2, 
1-9,  W-2240.     Vol.  XII,  p.  445,  Oct.,  '15. 

Purchased  Power  for  Electric  Rail- 
ways— Wm.  C.  L.  Eglin.  Economic  ad- 
vantage. Reliabilitj'  of  service.  I-l, 
W-1320.      Vol.   XI,   p.    504,   Oct.,   '14. 

The  Solution  of  a  City's  Transit  Prob- 
lem— A.  Merritt  Taylor.  Traffic  Condi- 
tions in  Philadelphia.  T-24,  C-5,  1-21, 
■W-17340.      Vol.   XI,   p.    514,   Oct.,   '14. 

(E)    John  J.   Gibson.      \V-320.   p.    501. 

Recent  Developments  in  Railway  Mo- 
tor Gearing — W.  L.  Allen,  T-2,  I-IO,  'W- 
2420.     Vol.  XI,  p.   544,  Oct.,  '14. 

The  Jitney  Situation — C.  S.  Cook.  (E) 
■W-950.      Vol.  XII,   p.   431,  Oct..  '15. 

Railway  Apparatus  at  the  Panama 
Pacific  Exposition — M.  C.  Turpin.  I-IO, 
W-2350.      Vol.   XII,  p.   477,   Oct.,  '15. 

Compensated     Grades — EN,XIII,360. 

Elevation   of   Outer   Rail — QB,    1218. 

Tractive  Effort — QB,   1307. 

SYSTEMS 

The  Pittsburgh,  Harmony,  Butler  & 
New  Castle  Railway — G.  T.  Twvford. 
1-7.   \V-16l'(l.      Vol.  XI,   p.   594,   Oct.,   '14. 

The  San  Francisco  Municipal  Rail- 
ways  Paul    J.    Ost.       1-7,    W-1250.      Vol. 

XII,  p.   440.   Oct.,   '15. 

The  Tisalia  Electric  Railroad — W.  P. 
L'Hommedieu.  1-6,  W-2240.  Vol.  XI,  p. 
587,  Oct.,  '14. 

The  'Waterloo,  Cedar  Falls  &  Northern 
RaUway — ^V.  G.  Brooks,  I-l,  W-1770. 
Vol.   XI,  p.   548,   Oct.,  '14. 

Electric  RaUway  Development  in 
Utah — W.  R.  Armstrong.  The  Utah 
Light  &  Traction  Company,  The  Ogden, 
Logan  &  Idaho  Railway  Company,  The 
Salt  Lake  &  Ogden  Railway  Company. 
The  Emigration  Canyon  Railroad  Com- 
pany and  The  Salt  Lake  &  Utah  Rail- 
road Company.  1-7.  W-3490.  Vol.  XII. 
p.  435,  Oct.,  '15. 

5000  ■Volt  Direct-Current  Railway — 
Norman    W,    Storer.       (E)    W-S40.      Vol. 

XIII,  p.    441,    Oct.,    '16. 

The  New  'S'ork  System  of  Rapid  Tran- 
sit— Lynn  G.  Riley.  Standardized  car 
equipments.  D-1,  1-5,  '^"-2500.  Vol. 
XIII,   p.    465,    Oct..   '16. 

Some  Railway  Operating  Results — 
H.    L.    Kirker.      The   Indianapolis   &  Cin- 


cinnati Traction  Co.  Rock  Island  South- 
ern Railway.  New  York,  Westchester  & 
Boston  Railway.  The  Chicago,  Lake 
Shore  &  South  Bend  Railway.  T-5,  1-6, 
W-33  330.     Vol.  XI,  p.   597,  Oct.,   '14. 

Tripling  the  Capacity  of  the  Italian 
Giovi  Ziine  by  Electrification — L.  I^onte- 
corvo.  T-3,  C-1,  1-20,  W-6S40.  Vol.  XI, 
p.    550,   Oct.,    '14. 

Three-Phase  Passenger  locomotives 
— G.  Pontecorvo.  The  new  equipment  of 
the  Italian  State  Railway.  T-2,  D-3,  1-6, 
W-1620,      Vol.   XII,   p.   51,   Feb.,   '15. 

(E)   W,  R.  Stlnemetz.     W-350.  p.  49, 

Single  Phase 

Operating  on  the  Erie  Railroad — R.  C. 

Thurston.  The  overhead  construction  of 
the  Rochester  division.  1-2,  W-1010. 
Vol.   XIII,   p.    144,    Mar.,   '16. 

Change-Over  to  20  OOO-'Volt  Distribu- 
tion on  the  New  Haven — William  Ar- 
thur. D-1 2,  1-1,  W-4  060.  Vol.  XI,  p. 
253,    May,    '14. 

(E)   Chas.   F.   Scott.     W-620,  p.   239. 

The  Electrified  Hoosao  Tunnel — L.  C. 
Winship.  Operating  features.  C-1,  1-4, 
W-40S0.      Vol.    XI.    p.    509,    Oct.,    '14. 

The  Operation  of  the  Single-Phase 
Equipment  of  the  N.  Y„  W.  &  B.  Ry.  Co. 
— U,  1!.  I'ott.T.  S,T\ir.'  rr.'or.ls  lor 
1913.  T-7,  1-7,  W-:'.UIJl.l.  Vol.  XI.  p.  211. 
May,  '14. 

Operating  Results  on  the  New  Haven 
— F.  E.  Wvnne.  (E)  W-1140.  Vol.  XII, 
p.    433,    Oct.,    '15. 

The  Electrification  of  the  Norfolk  St 
■Western     Railway— 1-7,     W-32S0.        Vol, 

XII.  p.    309,   July,    '15. 

(E)    G.   M.   Eaton.      W-620,   p.    293. 

Operation  of  the  N.  &  ■W.  Electrifica- 
tion— Q.  W.  Hershev.  T-2.  1-7,  W-23S0. 
Vol.  XII,  p.  45S,  Oct.,  '15. 

The  N.  &  ■W.  Electrification — T.  C. 
Wurts.  W-2440.  Vol.  XIII.  p.  127,  Mar., '16. 

The  Pacific  Electric  Railway  System 
— G.  B.  Kirker.  1-7,  W-16S0.  Vol.  XI. 
p.   505,   Oct.,   '14. 

The  Electrification  of  the  Pennsyl- 
vania Railroad — From  Broad  Street  Ter- 
minal, Philadelphia,  to  Paoli.  D-1,  I-IO, 
W-3640.      Vol.   XII,  p.    536,   Dec,   '15. 

(E)  A.  H.  Mclntire.     W-S50,  p.  433. 

The  Philadelphia-Paoli  Electrification 
— George  Gibbs.  Equipment.  Svstem. 
Construction    methods.    1-7,   W-9050.   Vol, 

XIII,  p.    6S,   Feb..   '16. 

(E)  Chas.  R.   Riker.     W-420.     p.  67. 

Operation  of  Philadelphia-Paoli  Elec- 
trification  W.    H.    Thompson    and    L.    E. 

Frost.  D-1,  1-3,  W-2156.  Vol.  XIII,  p. 
4S5.    Oct.,    '16. 

Results  of  Six  'Vears  Heavy  Haulage 
— Walter  D.  Hall.  Through  the  St.  Clair 
Tunnel  of  the  Grand  Trunk  Railway. 
1-8,   W-3370.     Vol.   XII,   p.   542,   Dec,   '15. 

CARS  AND  LOCOMOTIVES 

The  Field  of  Application  of  Phase- 
Converter  locomotives — R.  E.  Hell- 
mund.  1-7,  W-4120.  Vol.  XII,  p.  462, 
Oct..    '15. 

Regeneration  with  the  Phase-Conver- 
ter locomotive — S.  G.  Nottage.  1-3,  W- 
990.      Vol.   XII,    p.    471,   Oct.,    '15. 

Operation  of  the  N.  &..  'W.  Electric 
locomotives — T.  C.  Wurts.  D-1.  1-7.  W- 
2450.     Vol.  XII,  p.  473,  Oct.,  '15 

Motors  and  Phase  Converters  for  N. 
&  'W.  locomotives — J.  V.  Dobson.  D-1. 
I-ll.  W-1540.     Vol.  XIII,  p.  154.  Apr.,  '16. 


Electric  locomotives  Built  in  large 
Quantities — G.  Pontecorvo.  At  factory 
of  the  Itali.an  Weslinghouse  Company. 
I-S,  W-675.     Vol.  XI,  p.  46,  Jan.,  '14. 

locomotive  'Weights — F.  E.  Wvnne. 
C-2,  W-13:;o.     Vol.  XI II.  p.  129,  Mar.,  '16, 

Electric  locomotive  for  Spotting  Ser- 
vice— i:.  K.  Culbertson.  On  the  Niagara 
Junction  Railway.  C-1,  1-4,  W-1S50. 
Vol,   XIII,   p.    124.    Mar..   '16. 

Regenerative  Control  of  the  lake 
Erie  &  Northern  locomotive — C.  C. 
Whittaker.  D-2.  1-3.  W-1400.  Vol. 
XIII,   p.    469,    Oct.,   '16. 

Size  of  locomotive — QB,   1312. 

One-Man,  light-'Weight  Electric  Rail- 
way Cars — W.  E.  Moore.  Economic  con- 
siderations. D-l,  1-9.  W-2625.  Vol. 
XIII.   p.    451,   Oct.,   '16. 

Toledo  Adopts  Train  Control — C.  A. 
Brown.  D-2.  1-2,  W-1970.  Vol.  XIII,  p. 
455,  Oct.,  '16. 

(E)  A.  H.  Mclntire.     W-370,  p.   412. 

The  Selection  of  Correct  Car  Equip- 
ment— F.  E.  Wynne.  W-3000.  Vol.  XI, 
p.  578,  Oct.,  '14. 

Performance  of  Car  Equipments — S. 
B.  Cooper.  Predetermination  of  sched- 
ules and  power  consumption.  T-3,  C-6, 
W-4060.      Vol.   XII,   p.    59,   Feb..   '15. 

(E)    F.   E.  Wynne.     W-450.   p.   49. 

Standardization  of  Electric  locomo- 
tives— G.  H.  F.  Holv.  T-2.  1-12.  W-2300. 
Vol.   XI.   p.    572,   (li-t..   '14. 

The  Field  of  the  Storage  Battery  lo- 
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